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Chapter 1 

THE NEED FOR WELLHEAD PROTECTION 

Purpose 

This Handbook has been prepared for local 
government officials, public water supply man-
agers, citizens and anyone in Virginia concerned 
with maintaining and protecting the quality of public 
drinking water pumped from wells. 

"Wellhead protection" is the term applied by 
EPA and others to describe a process for assessing 
potential threats to ground water, for managing 
land uses and activities in the area near public wells, 
and for planning to prevent problems before they 
arise. This Handbook sets out a series of steps 
aimed specifically at jurisdictions in Virginia to help 
these localities get started with wellhead protection. 
This Handbook outlines a range of options that al-
low decision makers to tailor specific wellhead pro-
tection programs to their particular situation and to 
reflect local land use patterns, hydrogeology, staff 
skills and the availability of alternative water sup-
plies. 

This Handbook follows the recommendations of 
the Ad Hoc Wellhead Protection Advisory Commit-
tee made up of local government representatives 
and a selection of state agencies. The state's 
Ground Water Protection Steering Committee has 
reviewed the Ad Hoc Committee's report and en-
dorses the following findings: 

• There is a need for wellhead protection 
in Virginia. Many public water supplies in Virginia 
depend wholly or in significant part on ground water 
wells. Replacement supplies or treatment would in 
most' cases prove very expensive or impractical.* 
• Local governments in Virginia have the 
land use authority needed for wellhead pro-
tection. The state code was specifically modified in 
1988 and in 1990 to give localities clear authority 
to use their planning and zoning powers to protect 
ground water and public water supplies. Since well-
head protection is based on land use management, 
it is essential that local governments be involved. 
• Overlay zoning is one of a number of 
tools available to Virginia's local govern-
ments for wellhead protection. This technique 
is already in use for a variety of purposes such as 
protecting surface water supplies in the Common-
wealth. Overlay zoning does not change the basic 

* Private wells serving individual homes or businesses, while 
extremely important in Virginia, are not part of the federal well-
head protection program covered by the Safe Drinking Water 
Act. 

Figure 1 

WELLHEAD PROTECTION AREA: 
A BRIEF DEFINITION 

A wellhead protection area consists of land 
in the vicinity of a public water supply well chosen 
for special protection to prevent pollution of the 
ground water by nearby surface and sub-surface 
activities. Public wells include community wells -
both those owned by governments and those 
owned privately - serving residential customers 
and a variety of wells serving the public in lo-
cations such as restaurants, schools and indus-
try. 

The size of the protection area can be a func-
tion of the hydrogeology in the vicinity of the 
well, its daily withdrawal rate, land use activities 
existing or likely in the area, and assessment of 
replacement or other options if the well were to 
become polluted. The area could range from a 
few acres to several square miles or more. 

The special protection measures which could 
be applied to a wellhead protection area include 
zoning limitations on the types of land uses al-
lowed, performance standards to contain and 
manage potential pollutants, contingency plans 
for accidents, and coordination among local, 
state, and federal governments and private 
property owners. 

A Safe Drinking Water Act amendment of 
1986 (Section 1428) establishes a federal pro-
gram for wellhead protection under the Envi-
ronmental Protection Agency and calls on states 
to develop programs that respond both to the 
federal guidelines and to local conditions which 
can be highly diverse. Local governments are 
essential participants because of their authority 
over land use and because of local govern-
ment's role as a utility supplying public water 
needs. Wellhead protection is an important part 
of an overall ground water resource protection 
strategy. 

Report of the Ad Hoc Wellhead Protection Ad-
visory Committee, June 1991 
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underlying zoning upon which property owners 
have relied and adds protective provisions only in 
those area where needed. The technique is flexible 
and can be tailored to the desired degree and type 
of protection sought by a locality. 

The Virginia Ground Water Protection Steering 
Committee finds that the need for wellhead pro-
tection exists, that the means for localities to protect 
wellhead areas exist, and now has prepared this 
Handbook to encourage local governments to take 
the next step. 

Is There a Problem in Virginia? 

Before starting a new program like wellhead 
protection, local leaders and citizens are correct in 
asking whether there is a problem in Virginia. If they 
personally have not experienced a problem in the 
past, should they be considering wellhead protec-
tion now for the future? Several responses are in 
order. 

• First, a number of Virginia localities 
have, in fact, had experience with pollution 
problems that affected their public wells. For 
instance, in 1985, Prince William County found that 
one of its public wells contained perchloroethylene. 
The IBM plant at Manassas, approximately a mile 
away, was detecting the same chemical in their un-
derlying groundwater. This public water supply well 
was temporarily taken off line, and IBM and the 
County initiated a "pump and treat" system to pre-
vent the contamination from spreading further. The 
contaminated ground water was pumped from 
many specially drilled recovery wells. This water was 
treated through carbon filtration and discharged as 
waste water into the municipal sanitary sewer sys-
tem. Fortunately, other water sources were avail-
able during this time to serve the area that had been 
served by this public well. Now, the well is back in 
use, but all water drawn from it is treated before 
entering the water supply. 

The Town of Berryville in Clarke County lost its 
main public water supply well when it was found 
that the water contained excessive levels of nitrates. 
The town, at an expense of $1.3 million, took that 
well out of service and constructed a water treatment 
facility using the Shenandoah River. Agricultural 
practices were believed to be the source of the prob-
lem. 

The Town of Fincastle also found that it could 
no longer rely on ground water within the town for 
its public water supply due to contamination from 
residential septic tanks and hydrocarbons from 
leaking underground storage tanks. The Town has 
subsequently drilled two new wells located outside 
the town limits in Botetourt County and is now work-
ing with the county to develop a wellhead protection 

program that can prevent future problems with the 
town's new wells. 
• Second, stricter Safe Drinking Water Act 
testing requirements may reveal additional 
problems. Under the 1986 amendments to the 
Safe Drinking Water Act, public water supplies will 
soon be phasing in more extensive monitoring and 
testing programs and these tests may uncover pre-
viously unknown problems. In Virginia, the Virginia 
Department of Health administers the provisions of 
the Safe Drinking Water Ad including permitting of 
public wells, monitoring of the testing program and 
enforcing compliance with the Act's requirements. 

Some of this initial data has been placed on a 
computerized data base at the Virginia Department 
of Health regarding volatile organic chemicals 
(VOCs) - chemicals such as toluene, benzene, trich-
loroethylene, and perchloroethylene. This early 
data shows that approximately two dozen systems 
- including public schools, city systems, and a variety 
of public/private public water facilities - have turned. 
up detectable levels of VOCs. Typically, this is the 
result of leaking underground storage tanks and 
poor well construction. The levels detected to date, 
however, are below established maximum allowed 
contaminant levels established by the Environmen-
tal Protection Agency. Consequently, the Virginia 
Department of Health does not view these detec-
tions as violations or as immediate health concerns. 
Fortunately, these measurements are at this time 
within allowed maximum contaminant levels. Even 
low levels of these chemicals, however, indicate that 
a pathway has been found to the ground water that 
is being pumped for public consumption. 

If we look for a moment at underground storage 
tanks, such as those involved in these VOCs leaks, 
there are approximately 66,000 regulated under-
ground storage tanks (USTs) at 24,000 facilities 
throughout the Commonwealth. Over the past two 
years the number of reported leaking UST sites has 
increased dramatically to 3,300. Since October 
1990, replacement sources of drinking water to 
homes and businesses have been necessary at 87 
different locations - 34 sites have been provided 
with a new well or an extension of an existing public 
water supply and the other sites have to install con-
tinuous carbon filtration. None of these alternatives 
is cheap, either for individuals or for the taxpayer, 
or is very reassuring to the public. 
• Third, there is also growing evidence 
that ground water not currently used as 
drinking water is becoming polluted by sur-
face and sub-surface activity. For instance, the 
Pickett Road Tank Farm case in the City of Fairfax 
has been receiving a great deal of attention. Star 
Enterprises, Texaco, and other oil companies op- 
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erste a tank farm at this location. An oil leak oc-
curred which migrated beneath homes in a nearby 
neighborhood. While no public or private water 
supplies have been impacted, a number of lawsuits 
have recently been settled regarding damages to 
homes in the adjoining subdivision and a number 
of families were forced to move because of the fire 
and safety threat from fumes. Fortunately, these 
homes didn't rely on wells and fortunately no public 
water supply wells were nearby. 

Any time that there are septic systems, under-
ground storage tanks, agricultural activities, tank 
farms, transportation centers or a host of other ac-
tivities, there could be ground water pollution as a 
result. Wellhead protection is aimed at preventing 
such occurrences, along with the costs and disrup-
tion that would result if contamination occurred. 
Ground water pollution has occurred in Virginia but 
can be prevented through careful management ac-
tions' which include local wellhead protection pro-
grams. 

Ground Water and Public Supply Wells 
in Virginia 

How important is it that ground water be pro-
tected? Few people are aware that in Virginia there 
are 38 counties - 40% of the counties in the state -
where public water supply systems depend entirely 
on ground water. These counties are found in every 
region of the state and include the following: 

Counties 100% Reliant on Ground Water For Public 
Water Supplies* 

Accomack 	Frederick 	 Mathews 
Amelia 	 Giles 	 Middlesex 
Appomattox 	Gloucester 	 New Kent 
Bath 	 Greensville 	Northampton 
Bedford 	 Henrico 	 Northumberland 
Botetourt 	 Highland 	 Page 
Buchanan 	 Isle of Wight 	Powhatan 
Charles City 	James City 	Prince George 
Craig 	 King & Queen 	Rappahannock 
Cumberland 	King George 	Richmond 
Dinwiddie 	 King William 	Southampton 
Essex 	 Lancaster 	 Surry 
Floyd 	 Westmoreland 

* Several of these counties purchase water from other systems 
which include water from surface sources. In these instances, 
the 100% figure refers only to sources within the county. 

Within these counties there can be little disa-
greement about the importance of maintaining 
ground water as a pure source of water. These 
counties do not have their own developed surface 
water sources that could be turned to in the event 
that a public well was impacted by ground water 
pollution. 

The list of ground water dependent jurisdictions 
grows to 54 counties when those which draw less  

than 100% but more than half of their public water 
from ground water are included. These additional 
counties include: 

Counties Drawing 50-99% From Ground Water For 
Public Water Supplies 

Augusta 
	

Nelson 
Caroline 
	

Roanoke 
Charlotte 
	

Rockingham 
Fauquier 
	

Russell 
Fluvanna 
	

Shenandoah 
Grayson 
	

Smyth 
Louisa 
	

Sussex 
Madison 
	

Washington 

At the other end of the spectrum, only 18 coun-
ties in Virginia draw as little as 10% or less of their 
water from wells. 

With figures such as these, it is clear that ground 
water is a crucial source of public water supply in 
Virginia. Local officials should feel concern and 
should be interested in learning more about how to 
get started in protecting this valuable resource. This 
Handbook shows how a locality can begin. 

Getting Started 

A) Ask youself, how prepared is your com-
munity? 

- Do you know how many public wells are lo-
cated in your community, where they are and 
who they serve? 

- Do you use this knowledge when land use 
and development decisions are made? 

These are the types of questions that a com-
munity should start to ask itself, especially if the 
majority of its public water supply comes from 
ground water. Even if 10% or less comes from 
ground water, this portion may not be easy or eco-
nomical to replace if it becomes contaminated. 

A "preparedness" questionnaire was prepared 
by the Ad Hoc Wellhead Protection Advisory Com-
mittee as a way for communities to easily assess 
their current situation, potential vulnerability and 
possible next steps. Fill out the questionnaire and 
discuss the results and their significance with your 
Planning Commission, the Board of Supervisors, or 
those involved in managing or using the public wells 
in your locality. Think of wellhead protection not just 
as a technical matter of concern to professionals 
but also see this as an opportunity to educate citi-
zens, groundwater consumers, waterworks inves-
tors, businesses, and all who are concerned about 
ground water. Unless an answer of "yes" is given 
to most questions, there is room for improvement. 

B) Next, read on in this Handbook in order 
to become familiar with your options. The fol-
lowing chapters are: 
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- Chapter 2 - The Land Use/Ground Water 
Connection 

- Chapter 3 - Assessing Your Local Situation 
- Chapter 4 - Wellhead Protection Tools 
- Chapter 5 - Choosing Among Delineation 

Methods 
- Chapter 6 - The Decision Making Process 

We have attempted to be brief and to the point 
in this Handbook, but in Chapter 7 you will find an 
extensive list of the reference materials on deline-
ation methods, finance and other topics discussed 
in this Handbook. 

C) Locate and map the public wells in your 
community. You will find that there are many types 
of public wells serving different types of customers 
and users. The Virginia Department of Health reg-
ulates, permits, and monitors each public well in 
Virginia. They can provide a listing of wells along 
with descriptions which can help a locality plot these 
wells on a map. 

D) With this map, you are ready to survey 
current and potential land uses and to assess 
potential risks. A study area should be drawn 
around each well and a field study of land use ac-
tivities within the area conducted. A circular area 
around the well with a half-mile radius would be a 
good start. What you are looking for is activities 
currently in place - or which could develop under 
current zoning - which might pose a threat to 
ground water. Chapter 3 discusses what these land 
uses might be in urban, suburban, and rural situ-
ations. 

E) Where you go next depends on what you find 
when you assess the results of your field study. Ov- 

erlay zoning could be the method you would 
choose to apply special precautions in the vicinity 
of the wells that have been surveyed. Some uses 
might be prohibited in close proximity to a well while 
others might be allowed but only with special op-
erating features to prevent contamination. 

F) It is also necessary to delineate the area 
to be protected. The field investigations con-
ducted earlier may suggest where overlay zoning 
boundaries should be placed, or you may wish sim-
ply to continue the half-mile radius boundary used 
for the field study. Alternatively, various technical 
calculations based on the type of well and the local 
hydrogeology can be performed to calculate a de-
lineation area for protection. 

G) Finally, plan for the future. Many localities 
will want to protect the sites of future wells in a 
manner comparable to what they have done for 
existing wells. This means planning ahead, assess-
ing land use trends and public facility and service 
needs, and applying appropriate protective meth-
ods. 

• • • • • • 

As you can see, wellhead protection is a com-
mon sense way to employ land use controls to pro-
tect public water supply wells. 
Wellhead protection protects the public investment 
and ensures that high quality water will continue to 
be available to meet the needs of residents, business 
and public institutions. It is time that local govern-
ments begin to adopt wellhead protection as one 
part of their local planning and zoning actions. This 
Handbook shows how this can be done. 
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Figure 2 

TEST YOUR KNOWLEDGE: A SELF ASSESSMENT QUESTIONNAIRE 

"Out of Sight - Out of Mind" is a phrase often used to describe people's attitudes toward ground water. The 
goal of wellhead protection, however, is to bring public water supply wells into sharper focus so that they can be 
protected for continued beneficial use. Chapter 15.1 Article 4 of the Virginia Code indicates that localities shall 
study or survey ground water, geology, and other factors in preparing and amending their comprehensive plan. In 
beginning that process, the following questions can help you decide how well informed you are and how well 
prepared your community is to protect its public ground water supplies. 

Yes 	No 

1. Do you know how many public wells are located in your community? 

2. Could you locate them on a map? 

3. Do you know how many are owned by local government and how many are owned 
by investors or others? 

4. Do you know which wells pump the greatest quantity of water? 

5. Do you know how many people they serve? 

6. Do you know how many businesses or industries depend on public wells? 

7. Are there contingency plans in place for use in the event that any of these wells might 
become polluted? 

8. Have any public wells required treatment as a result of testing under the new Safe 
Drinking Water Ad amendments? 

9. Have any public wells in the past been closed due to contamination? 

10. Do any public wells have activities within 1/2 mile that might pose a threat (e.g., 
landfills, abandoned wells, underground tanks, waste lagoons, chemical businesses, 
septic tanks)? 

11. Under current zoning, could such activities locate there in the future? 

12. Does the planning commission have knowledge of the existence of public wells when 
making zoning decisions? 

13. Do you have knowledge of the underlying geology and feel confident that the flow 
of contaminated ground water would not be in the direction of a public well? 

14. Are you familiar with the authority under chapter 15.1 of the Virginia, Code for localities 
to adopt measures to protect ground water? 

15. Are you confident that a problem with any of the public wells in your locality would 
not have a negative impact on economic development? 

If more than a few questions are answered "No," then your jurisdiction should consider further 
studies of its public wells and consider adopting wellhead protection measures. 
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Chapter 2 

THE LAND USE/GROUND WATER CONNECTION 

Note: This Chapter sets out the logic behind well-
head protection and introduces some basic termi-
nology about ground water. The reader who is fa-
miliar with these concepts may wish to skip ahead 
to Chapter 3 which describes an action plan for a 
locality beginning wellhead protection. 

The Logic of Wellhead Protection 

Many land uses and human activities in urban, 
suburban, and rural areas can pose potential 
threats to ground water. Home septic tanks, dis-
posal of liquid and solid waste, leaking under-
ground storage tanks, or a fire at a paint store, for 
example, could all act as possible sources of pol-
lutants which could reach ground water. 

Figure 3 diagrams the many ways land use dis-
charges can eventually reach ground water. This 
picture shows both surface and near surface land  

use activities, and it shows wells constructed to with-
draw ground water. This picture is useful because 
under normal circumstances, ground water is "out 
of sight, out of mind." The familiarity and daily con-
tact we have with many of these surface activities 
gives us a false sense of security about ground 
water. Also, because ground water in many geo-
logic formations moves slowly, contaminated water 
can remain undiscovered for many years, even for 
decades. As a result, pollution often goes unde-
tected until it reaches an outlet where it is discov-
ered, such as a well or spring, at which point it could 
already be creating a serious problem. Remediation 
may not be economically or practically feasible or 
may require a very long time. Since the loss of a 
crucial drinking water supply could be disastrous 
and because treating contaminated ground water 
can be difficult and expensive, preventing contam-
inants from reaching ground water is an essential. 

Figure 3 

GROUND WATER AND LAND USE IN THE WATER CYCLE 
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Figure 4 

SAFE DRINKING WATER ACT: MONITORING AND PUBLIC NOTICE 
REQUIREMENTS 

The 1986 Amendments to the Safe Drinking Water Ad and Virginia's Waterworks Regulations include 
requirements that owners of public water systems, or "waterworks," periodically test for 83 substances 
which will be fully regulated by 1993, and an additional 40 "unregulated" contaminants. 

When tests reveal that a Primary Maximum Contaminant Level (PMCL) for a substance has been 
exceeded, the system owner is required to notify the public of the violation in the following ways according 
to section 2.19 of the Waterworks Regulations. 

1. Newspaper - by publication in a daily newspaper of general circulation in the area served by the 
system as soon as possible, but in no case later than 14 days after the violation or failure. If the 
area served by a waterworks is not served by a daily newspaper of general circulation, notice shall 
instead be given by publication in a weekly newspaper of general circulation serving the area; and 

2. Mail or hand delivery - by mail delivery (by direct mail or with the water bill), or by hand delivery, 
not later than 45 days after the violation or failure. The Division may waive mail or hand delivery 
if it determines that the owner of the waterworks in violation has corrected the violation or failure 
within the 45-day period. The Division must make the waiver in writing and within the 45-day period; 
and 

3. Imminent Health Threats - for violations of the PMCLs of contaminants that may pose an acute risk 
to human health, by furnishing a copy of the notice to the radio and television stations serving the 
area served by the waterworks as soon as possible but in no case later than 72 hours after the 
violation. The following violations are acute violations: 

a. Violation of the Bacteriological PMCL 
b. Violation of the nitrate PMCL 
c, Other violations as determined by the Division 

4. Long term violations - following 2.1981, or 2, of this section, the owner must give notice at least once 
every three months by mail delivery (by direct mail or with the water bill) or by hand delivery, for 
as long as the violation or failure exists. 

In an area where there is no daily or weekly newspaper, exceptions and alternative means are provided. 

The contents of such notices must meet the following requirements according to Section 2.19 E of the 
regulations. 

General content of public notice - Each notice required by this section must provide clear and readily 
understandable explanation of the violation, any potential adverse health effects, the population at 
risk, the steps that the waterworks is taking to correct such violation, the necessity for seeking alternative 
water supplies, if any, and any prevention measures the consumer should take until the violation is 
corrected. Each notice shall be conspicuous and shall not contain unduly technical language, unduly 
small print, or similar problems that frustrate the purpose of the notice. Each notice shall include the 
telephone number of the owner, operator, or designee of the waterworks as a source of additional 
information concerning the notice. Where appropriate, the notice shall be multilingual. 

Wellhead protection offers a means to prevent contamination from occurring. This can save localities 
time and money, as well as the difficulty of dealing with a fearful consuming public. Additionally, by 
demonstrating to the State Department of Health that protection measures have served to reduce sources 
of contamination to ground water, monitoring requirements may actually be lessened for certain wells. 
This, too, can save valuable time and money. 
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There are a number of ways that these various 
surface and near surface activities can impact 
ground water. Most people think primarily of ac-
cidental spills or unplanned discharges, such as 
when a landfill leaks, or storage tanks fail or a pipe-
line ruptures. Some facilities, however, are intended 
to discharge substances (e.g., septic tanks). Some-
times substances are discharged as a consequence 
of other activities (e.g., pesticide applications, urban 
run-off), and in other cases, pollution results from 
a conduit for potential contaminants (e.g., improp-
erly abandoned wells). Wellhead protection seeks 
to deal with all these potential sources of pollution 
by managing the land around public wells to pre-
vent potential "dischargers" from locating nearby 
or by requiring special protections. 

While it is not possible or desirable for a locality 
to prohibit all activities which could be potential 
ground water contamination sources, it is important 
to minimize negative impacts. Localities need to be 
aware of the existence of such potential polluters in 
their communities, and must understand the threat 
they can pose to their water supply. The Safe Drink-
ing Water Act requires that a public water supplier 
notify his/her customers when water quality viola-
tions occur. Wellhead protection seeks to prevent 
such problems from occurring. 

Basic Concepts in Wellhead Protection 

A few basic concepts are important for a gen-
eral understanding of the ground water resource, 
how it is tapped through public drinking water wells, 
and how wellhead protection can help prevent 
problems. 

Ground water and surface water are closely re-
lated through the hydrologic cycle, with water 
from the atmosphere moving to the earth's surface, 
into the ground, and eventually back into the at-
mosphere. The base flow of many streams comes 
from ground water. Many wetlands and wildlife 
habitats they support are maintained by ground 
water during dry periods. 

Water located underground occurs in two zones, 
the unsaturated and the saturated zones. The 
unsaturated zone, also known as the zone of aer-
ation or percolation, is the uppermost zone located 
directly beneath the surface of the land. It is into 
this unsaturated zone that facilities such as septic 
tanks discharge and where underground tanks and 
pipelines are buried. Below this is the saturated zone 
where all interconnections, voids, and cracks are 
filled with water, and this water is what can properly 
be called ground water. It is from this zone that 
potable water is drawn through public wells. Wells 
are cased and grouted to a certain depth in order 
to prevent pollutants from the surface from finding 
their way into the ground water that is pumped for 
human use. 

Many types of underground geologic forma-
tions contain sufficient saturated permeable mate-
rial to yield significant quantities of ground water. 
These formations, known as aquifers, can be com-
posed of either consolidated or unconsolidated 
materials. Consolidated aquifers are solid rock for-
mations, while unconsolidated aquifers are unce-
mented formations with interspersed layers of silt, 
sand, and gravel. The storage and flow of water 
through a consolidated aquifer depends on the 
cracks, fissures, and channels in rock masses which 
are created by shifts and movements within the 
earth, and by chemical actions which create solution 
features. In an unconsolidated aquifer, ground 
water fills the open spaces that exist between par-
ticles of silt, sand, and gravel. The storage capability 
of an aquifer, determined by the relative volume of 
pores and cracks available, is known as its poros-
ity. The size of the pores and cracks and the extent 
to which they are connected determine the aquifer's 
capacity to transmit water, its hydraulic conduc-
tivity. In delineating a surface area for wellhead 
protection, key assumptions about the porosity/ 
permeability of the aquifer and other characteristics 
are made in order to calculate a potential protection 
area. 

Aquifers are also characterized as confined or 
unconfined depending on the presence of restric-
tions on the movement of ground water into or out 
of adjacent aquifers. Overlying impermable units, 
known,as confining beds or aquitards, can restrict 
the flow of ground water into underlying aquifers. 
When aquifers are completely filled with water and 
surrounded on all sides by aquitards, they are called 
confined - or artesian - aquifers. This ground water 
is under pressure, so water levels in wells completed 
in such aquifers will rise to a level some height 
above the confining bed, called the potentiomet-
ric surface. An unconfined aquifer is not overlaid 
by low permeability geologic formations, but rather 
has the water table as its upper surface, which rises 
and falls as the amount of water in the aquifer fluc-
tuates. The level of water in a well drilled in an 
unconfined or water table aquifer reflects the depth 
of the water table in the surrounding aquifer. Gen-
erally speaking, confined aquifers are less vulner-
able to surface pollutants than shallow water table 
aquifers where surface activities can have a fairly 
rapid and direct impact. 

The use of ground water as a source of drinking 
water involves the installation and operation of a 
well that taps either a confined or unconfined aqui-
fer. Withdrawal of water by a well causes a lowering 
(drawdown) of water levels in the area around the 
well, causing the formation of cones of depres-
sion in the aquifer. The decline in water level in the 
vicinity of a well may extend for several hundred 
feet or for miles, depending on the amount of 
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Figure 5 

CONSOLIDATED AND UNCONSOLIDATED DEPOSITS 

Groundwater in an unconsolidated deposit, represented by a half-filled fishbowl, occupies all the spaces be-
tween gravel particles. Groundwater in a consolidated deposit fills cracks and channels in the rock. 

Source: A Groundwater Primer for Virginians 

ground water that is withdrawn and the character-
istics of the aquifer. This surface area affected by 
drawdown is known as the zone of influence. 

Recharge areas are the regions which are hy-
drogeologically connected to an aquifer and which 
contribute significant amounts of water to it. If pol-
lution sources exist in this area, the ground water 
in the aquifer is in danger of being contaminated 
also. Wellhead protection seeks to prevent the con-
tamination of public supply wells from activities in 
the zone of influence or more distant recharge 
areas. 

All areas or features supplying ground water 
recharge to a pumped well are known as the zone 
of contribution. If the water table is perfectly level, 
the zone of contribution and the zone of influence 
are identical, however, this is rarely the case and 
the two areas usually only coincide near the well. 
These zones may constitute only a fraction of an 
aquifer's area, or go beyond an individual aquifer 
to inter-connected aquifers. If the zone of contri-
bution to a well could be known exactly, that zone 
of contribution would be precisely the area which 
should ideally be protected by a wellhead protection 
area. Since we can only estimate this zone based 
on reasonable assumptions, absolute boundaries 
are never possible. 

In summary, the susceptibility to contamination 
varies according to factors such as the porosity and 
permeability of the aquifer. Sand and gravel aqui-
fers, for example, are the main source of water for 
wells in many parts of the United States but they are 
also highly vulnerable because they are permeable 
and thus transmit polluted water readily. Each aqui-
fer type presents its own challenges. The types of 
existing aquifers and their potential for ground 
water pollution vary across. Virginia. Information on 
regional ground water characteristics follows. 

Ground Water in Virginia 

The naturally occurring quantity and quality of 
ground water in an area depends on the underlying 
geologic conditions. Five regions, called physio-
graphic provinces, are recognized in Virginia. From 
East to West the provinces are known as the Coastal 
Plain, Piedmont, Blue Ridge, Valley and Ridge, and 
Cumberland Plateau. Understanding the relation of 
each of these physiographic regions to the occur-
rence of ground water helps in assessing the nature 
of the threat to a locality's public water supply and 
indicates how a wellhead protection program might 
be shaped to fit local conditions. 

Coastal Plain: The Coastal Plain in Virginia 
extends inland from the coast about 110 miles to 
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the fall line and passes roughly through Fairfax 
County, Fredericksburg, Richmond, Petersburg, 
and Emporia. The Eastern Shore is part of this re-
gion and the two counties there have for several 
years been conducting studies to develop a more 
detailed understanding of their ground water situ-
ation. The Coastal Plain region is the only one in 
Virginia that is composed mostly of unconsolidated 
deposits, primarily alternating layers of sand, 
gravel, shell rock, silt, and clay. More ground water 
is withdrawn from these very permeable materials 
than in any other province in the state. The pollution 
potential in the uppermost unconfined aquifer here 
is high, however, because of the permeability cou-
pled with the high population density and agricul-
tural activities in the area. 

A large portion of the state's ground water use 
occurs in the Coastal Plain, which has two separate 
ground water systems, one shallow and one deep. 
In many places, a shallow unconfined aquifer sys-
tem lies above relatively impermeable clay beds 
and is the source of water for hundreds of domestic 
and other small capacity wells. The principal source 
of major ground water withdrawals is a deeper sys-
tem of confined aquifers. The recharge area to 
these aquifers occurs miles away where the for-
mations outcrop but infiltration from the water table 
and shallower confined aquifer also recharge the 
deeper confined aquifers and could carry pollutants  

into these deeper reaches. The coastal plain pre-
sents a complex wellhead protection problem where 
the deep confined aquifers are concerned. The shal-
lower aquifer, however, may have a more direct 
interaction with the surface and present a relatively 
straightforward challenge. 

Except for areas where saltwater, iron, and hy-
drogen sulfide occur, the natural water quality in 
the Coastal Plain aquifers is good. In aquifers near 
a salt water interface, salt water may migrate west 
as aquifers are pumped. As a result, water from the 
deep aquifers on much of the lower York-James 
Peninsula and the Norfolk-Virginia Beach area gen-
erally contains high chloride concentrations, ren-
dering the water too salty for domestic use. Also, 
high salt concentrations make Eastern Shore 
ground water unpotable below a depth of about 
300 feet. 

Piedmont: The largest physiographic province 
in Virginia is the Piedmont, extending from the fall 
line on the east to the Blue Ridge Mountains in the 
center of the state. Hard, crystalline igneous and 
metamorphic formations dominate this region with 
some areas of sedimentary rocks, with sapprolite 
deposits overlying the bedrock. The size and num-
ber of fractures and faults in the bedrock which store 
and transmit ground water decrease with depth, so 
most significant water supplies are found within a 
few hundred feet of the surface. Fairly large yields 

Figure 6 

CONFINED AND UNCONFINED AQUIFERS 

Source: Threats to Virginia's Groundwater 
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ZONES OF INFLUENCES AND CONTRIBUTION 

Source: Wellhead Protection Programs: Tools for Local Governments 

of water can be obtained where fracture and fault 
systems are extensive, as in the Western Piedmont 
along the base of the Blue Ridge Mountains. 

The diversity of the subsurface geology of the 
Piedmont Province results in wide variations in 
ground water quality and well yields, with ground 
water use at many locations limited. A few areas, 
for example, have problems with high iron concen-
trations and acidity. Because of the range in ground 
water quality and quantity in this region, as well as 
the subsequent varying potential for contamination, 
well site evaluation and well monitoring is very im-
portant here. From a wellhead protection stand-
point, assumptions about the porosity/permeability 
of the overlying sapprolite may have to be made 
so that reasonable estimates of wellhead protection 
areas can be calculated. 

Blue Ridge: The Blue Ridge Province is a rel-
atively narrow zone to the west of the Piedmont, 
from 4 to 25 miles wide, with mountains of some 
of the highest elevations in the state. Beneath a thin 
layer of soil and weathered rock lies the bedrock, 
a relatively impervious zone containing water pri-
marily in joints, fractures, and faults. On the eastern  

flank of the Blue Ridge, ingeneous and metamor-
phic rocks are most common; sedimentary rocks are 
more common on the western flank. Steep terrain 
and thin soil covering result in rapid surface run-
off and low ground water recharge. 

There has been little residential or industrial de-
velopment in the Blue Ridge itself, so ground water 
use has been mainly for domestic needs rather than 
for public wells. The lower slopes of the mountains 
are the most favorable areas for ground water ac-
cumulation. Springs are common and are often 
used for private water supplies. Because the rocks 
in the Blue Ridge are relatively insoluble, the ground 
water is not severely mineralized, but iron content 
is high in some locations. 

Valley and Ridge: Consolidated sedimentary 
rocks deposited beneath ancient seas underlie the 
Valley and Ridge Province to the west of the Blue 
Ridge. In the lowlands, such as the Shenandoah 
Valley, limestone and dolomite occur beneath the 
surface forming the most productive aquifers in Vir-
ginia's consolidated rock formations. In contrast, 
sandstone and shale are the rock types often pres-
ent in the ridges and upland areas, which yield only 
enough water for rural and domestic supplies. 
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The connection between ground water and sur-
face water plays a major role in ground water re-
charge in the Valley and Ridge, where streams often 
cross fault zones recharging aquifers. Wells in the 
fault zones have the greatest yields. Recharge also 
occurs through surface run-off into limestone sink-
holes, bypassing filtration through the soil. This can 
cause serious water quality problems since polluted 
surface water may be introduced directly into the 
ground water system. Ground water quality can 
also be adversely affected by private trash dumps 
located in sinkholes that receive surface run-off. In 
addition, carbonate formations contribute to the 
"hardness" of the ground water. 

The karst limestone type of terrain in the valley 
poses difficult problems for wellhead protection 
area delineation since underground conduits may 
ad much like surface rivers. Some studies have sug-
gested that surface water drainage patterns may be 
the best way to delineate wellhead protection areas 
in such circumstances. 

Cumberland Plateau: The Cumberland Pla-
teau province, encompassing the Southwestern tip 
of Virginia, is underlain by sedimentary rocks, prin-
cipally sandstone, shale, and coal. Ground water 
quality here varies with depth. The ground water 
contained in the first 100 feet of rock below stream 
level is often of poor quality, tending to be sulfurous 
and iron-rich, and naturally saline waters occur at 
depths greater than 300 feet. Better quality water 
can be found at depths of 150 to 300 feet below 
stream level, however. In coal mining areas, some 
ground water has become acidic due to mine drain-
age and is usually unsuitable for most uses. 

• • • • • • 

For the reader wanting a better understanding of 
ground water and conditions in Virginia, several 
sources are suggested in Chapter 7. 

Figure 8 

PHYSIOGRAPHIC PROVINCES OF VIRGINIA 
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Figure 9 

ACCOMACK-NORTHAMPTON: GETTING TO KNOW THEIR 
GROUND WATER RESOURCE 

The Ground Water Supply Protection and Management Plan for the Eastern Shore of Virginia was 
developed in 1992 by the counties of Accomack and Northampton for the purpose of assisting local 
governments and residents of the Eastern Shore in understanding and safeguarding their ground water 
resource. The project, prepared by consultants in water resources and land planning, was guided and 
funded by the Eastern Shore of Virginia Ground Water Study Committee. This group consists of two 
members from each county's Board of Supervisors, one citizen appointee by each Board, the County 
Administrator from each county, and the Executive Director of the Accomack-Northampton Planning District 
Commission. 

Ground water is considered an essential water resource on the Eastern Shore since it is the only source 
of drinking water. The Ground Water Plan, therefore, recognizes the importance of understanding the 
water system as a whole in order to make future land use and development decisions designed to protect 
water supplies. Before attempting to develop a management approach or to delineate wellhead protection 
areas, the plan collected valuable information necessary to understand the nature of local ground water. 
The study addresses the hydrogeology of the aquifers on the peninsula which influence ground water 
quality and quantity, as well as the flow and recharge patterns. Topography and soil types are also 
described because of their role in water purification as it moves through the ground. 

The aquifers on the Eastern Shore are strongly influenced by the physical character of the rock in the 
area. The upper aquifer, called the Corumbia Aquifer, is unconfined and between 80 and 100 feet thick. 
It is used primarily for private on-site domestic wells, and agricultural irrigation. Water quality in the 
Columbia Aquifer is threatened by the many land uses that discharge, leach or dispose of contaminants 
to the ground water, including septic systems, agricultural fertilizers, manure storage and animal waste 
disposal, septage lagoons, and landfills. 

The next water bearing zone is the Yorktown-Eastover formation, a confined aquifer consisting of 
coarse shelly sands found in three layers separated by clay confining units. These confining units serve 
to protect the aquifer from many water quality threats, but they also act to impede the amount and rate 
of recharge to the aquifer. Industrial withdrawals and public water supply wells are drawn from the 
Yorktown-Eastover Aquifer. Problems of well interferences and salt water intrusion, already observed near 
the largest industrial water users, will be greatly enhanced if the amount of withdrawal increases sub-
stantially as some forecasts would suggest. 

Based upon the analyses and the review of existing information, the study proposed several recom-
mendations for water quality protection. These recommendations included regulatory techniques such as 
creating an overlay protection zoning district to protect the spine recharge area to the Yorktown-Eastover 
aquifer, restricting the siting of new mass drainfields in the spine recharge area, and requiring the reg-
istration of currently unregulated underground storage tanks. Non-regulatory suggestions were also given, 
including pursuing water conservation measures with major industrial users and supporting the imple-
mentation of agricultural nutrient management plans. Protection of the water quality and quantity in the 
Eastern Shore will require the implementation of many actions designed to prevent ground water con-
tamination, prevent over use of the aquifer, and provide for future needs to accommodate growth in the 
two counties. 

Not all localities will be able to be as thorough as the Eastern Shore nor will they necessarily need to 
do so in order to begin a basic wellhead protection program. The more background information available, 
however, the better the ensuing plan and practices will be tailored to the local situation. Accomack and 
Northampton Counties stand out as leaders in the state for their far-sighted efforts to protect valuable 
ground water resources. 
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Chapter 3 

ASSESSING YOUR LOCAL SITUATION 

Chapter 1 gave a brief overview of the general 
approach which a locality might follow in consider-
ing and developing a wellhead protection program. 
This Chapter identifies a series of steps which can 
serve as an action plan for localities interested in 
pursuing wellhead protection. It is assumed that the 
self assessment questionnaire from Chapter 1 has 
been completed and that enough unknowns -
"no's" on the questionnaire - have been encoun-
tered that a decision has been made to consider the 
next steps. A twelve step plan is described. 

Step 1 - Obtain a List of Public Wells 

There are many more types of "public" wells 
than most people are aware. Typically the term 
"public well" brings to mind a municipally owned 
and operated well that serves a nearby community 
area. It is important to remember that there are also 
privately owned public wells. Both can be called 
"community waterworks" in official parlance. Public 
wells also, however, serve freestanding schools, in-
dustry and various transient facilities such as road-
side rest areas. The following public well definitions 
are used by the Virginia Department of Health and 
by the federal government. 

Community Waterworks - means one that has 15 or more 
service connections or that serves 25 or more year-round 
residents. Examples would be municipalities, subdivisions, 
mobile home parks, or institutions such as nursing homes 
and correctional facilities. 

Transient or Non-community Waterworks - means one that 
serves a transient populationof at least 25 people for at least 
60 days each year. Examples include campgrounds, mo-
tels, restaurants, and highway rest areas with their own 
water supplies. 

Other (Non-transient Non-community) Waterworks - means 
one that serves a fairly consistent non-residential population 
of at least 25 of the same people for at least 6 months per 
year. Examples here would include schools and factories 
with their own water supply. 

Across the State of Virginia, community water-
works are the most numerous category making up 
over half of the systems coming under the authority 
of the Virginia Department of Health. It is important 
to note again that waterworks. 	that are considered 
"public" wells or "community" wells may not be 
publicly owned. In Virginia, in fad, nearly 3 times as 
many community systems are owned by "investors" 
as local governments. Virtually all of the investor sys-
tems are small (serving fewer than 3,300 people) 
while publicly owned systems range all the way from 

the very small to the very large serving more than 
10,000 customers. 

Because of the diversity of wells falling into one 
category or other of "public," it is advisable that a 
listing be obtained from the Virginia Department of 
Health. A local utility, for instance, may only be fa-
miliar with its own wells and not be aware of investor 
owned small systems or other categories of public 
wells in the area. 

Step 2 - Locate Each Well on a Map 

Virginia Department of Health records fre-
quently do not contain precise locations for each well 
in terms of latitude or longitude or other definitive 
locators. Records typically give the name of the 
owner and the name of the facility (e.g., John B. 
Smith, Smith's Mobile Home Park or Smithville Serv-
ice Authority, Shady Hollow Service Area). 

To locate a well on the map, it may be necessary 
to seek advice from Health officials or to contact the 
owner or other locally knowledgeable sources and/ 
or a field confirmation. County property records can 
also be useful when a well is located on a designated 
"well lot" and recorded as part of the subdivision 
approval process. For initial location purposes, 
USGS 1:24,000 maps may be useful - they strike a 
compromise between too much and too little detail 
for general location and pattern purposes. These 
maps can be assembled to view the county as a 
whole if that is desirable. For later field study, more 
detailed maps showing individual property lines will 
be needed. 

(Optional Step 3 - Prioritize Wells for 
Protection Activities) 

For a variety of reasons, it may be necessary to 
prioritize wells before moving on to subsequent 
steps. Priorities could be based on factors such as the 
following: 

• those municipally owned 
• those serving the greatest number of customers 
• those located in areas suspected of being more 

vulnerable 
• those for which no alternate supplies are evident 
• those investor owned systems where the owner has 

requested further study 

There could be a variety of ways to set priorities when 
it is not possible to proceed simultaneously to study 
all the public wells in the locality. 
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Step 4 - Establish Study Areas 

Sophisticated delineation is not necessary in or-
der to begin to study land uses and management 
practices in the vicinity of public wells. A balance 
needs to be struck between available resources and 
the desire to be as inclusive as possible. The greater 
the number of wells being studied and the larger the 
area to be studied around each well, the greater will 
be the strain on resources. 

A starting point might be to draw a 1 /2 mile ra-
dius around each well. (This delineation technique is 
called "fixed radius" and is explained in more detail 
in Chapter 5.) This could then be modified through 
field investigations if it were felt to be too small (e.g., 
just beyond is an industry or a farm facility or a sub-
division on septic tanks or an abandoned gas sta-
tion). The 1 /2 mile radius starting point might also 
be expanded if the well in question is a major well 
serving many customers - all other factors equal, the 
greater the number of gallons withdrawn, the larger 
would be the well's zone of contribution. It is also 
possible to do some relatively simple calculations 
(see Chapter 5) to estimate the zone of contribution. 
It might also be that the shape of the study area 
would be modified based on actual conditions. If a 
ridge line runs through the area indicating a surface 
water divide, and an unconfined aquifer was the 
source of ground water withdrawal, the portion on 
the far side of the ridge/divide might be deleted from 
further study and time instead devoted to expanding 
the study area within the watershed. Regardless of 
the shape or size of the study area, field personnel 
should be instructed to make note of any conditions 
beyond or about the study area which could be sig-
nificant factors for the well under study. 

Whatever the size and shape of the study area at 
the outset, it should also be noted that this may or 
may not eventually become a regulatory boundary. 
The designated area or wellhead protection area 
and its boundaries are topics that can be revisited 
later, so a precise delineation is not necessary at this 
time. 

Step 5 - Establish a Study Team 

The task of the study team is to identify and de-
scribe existing land use activity within the study area 
and to describe potential future uses. Team mem-
bers need to be conversant with land use classifi-
cation terminology as well as careful and systematic 
recorders of information. They need not be profes-
sional planners. Interns who are studying urban and 
environmental planning or students who might un-
dertake this work as part of a class or field study 
could also conduct the field investigations. Planning 
Commission members in some cases have been a 
part of a field investigation team as volunteers - the 
advantage of this being that they gain first hand  

knowledge of the conditions which they will subse-
quently be called on to address from a management 
or regulatory perspective. At least one locality has 
reported the use of retired citizens as field investi-
gation team members - the advantage being that 
they had memories of former activities (e.g., aban-
doned gas station where tanks might remain or an 
old house site where a well might still exist that had 
not been properly sealed). 

Step 6 - Develop Protocols and Fields 
Record Sheets 

If the locality has had a previous land use survey 
or if there is a GIS or other computerized system of 
land use information, a starting point would be to 
make this information available to the study team. It 
can both familiarize the members with the area and 
allow them to update this portion of the locality's in-
ventory. 

Team members should also be provided copies 
of the zoning map and comprehensive plans for this 
area. Work using these particular maps will take 
place in the office before and after the field work, 
however it is advisable to bring these maps along in 
case they are needed for reference in the field. Illegal 
or non-conforming uses can be noted as a result. 

Before going to the field, a decision must be 
made about the approach to the land use and ac-
tivity inventory. The locality's choices range from a 
generalized approach to a "special purpose" study 
approach. The special purpose in this case being 
wellhead protection from specific pre-identified po-
tentially polluting land uses. Only those properties 
containing this type of use - or which would be al-
lowed to have these uses under the zoning - would 
be noted and recorded in the special purpose study 
approach. 

In the generalized approach all parcels and land 
uses are surveyed and recorded. This is a much more 
time consuming and labor intensive process both in 
the field and in terms of handling and processing the 
data once the researchers return to the office. The 
land use categories typically included in generalized 
land use maps are more inclusive than would be the 
case in a specialized survey. The generalized survey 
map might have one or only a few categories for 
commercial activities while a specialized survey 
would distinguish between dry cleaning establish-
ments, chemical retailers, paint shops, etc. Acces-
sory facilities such as septic tanks, underground stor-
age tanks or pipelines would not necessarily be 
noted in a generalized land use survey. These broad 
categories and omissions would make a generalized 
study less than desirable from a wellhead protection 
standpoint. 

For many localities, the best approach may be a 
hybrid in which more detailed information needed 
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Figure 10 

LAND USES IMPACTING GROUND WATER QUALITY - 
WHAT TO LOOK FOR 

Residential 

Threats to ground water from residential uses are normally less acute on a case-by-case basis than those 
from other more intensive land uses. The cumulative effect from many residents in an area can prove dis-
astrous, however, especially if they are unaware of the numerous potential contaminants that can be found 
in the home and yard and the proper methods for their use and disposal. These potential contaminants 
include: 

• on-site septic systems, cesspools 
• sewer lines 
• fuel storage systems 
• household, lawn, automotive, and pool chemicals 

urban run-off 
abandoned wells 

Septic systems and underground storage tanks are major contributors to the total volume of waste dis-
charged directly into the ground, and inappropriate siting and poor design, construction, and maintenance 
can cause pollution of underlying ground water. According to the 1987 Groundwater Protection Strategy 
for Virginia, the management and regulation of septic and storage tanks should be a top priority to prevent 
contamination from occurring. 

Gasoline and other toxic fluids also pose a threat to ground water if they run off paved surfaces into 
the soil. Driveways, parking lots, and streets contribute to the problem of urban run-off. Another significant 
threat to ground water and to public safety is abandoned wells. If improperly sealed, abandoned wells can 
provide a direct conduit for surface run-off carrying pollutants, and are sometimes illegally used to dispose 
of wastes. A similar problem exists with sink holes in areas of karst topography. 

industrial 
Industrial operations also commonly use toxic substances as part of manufacturing, warehousing, and/ 

or distribution. Materials such as chemicals, petroleum, cleaning supplies, machinery, metals, electronic 
products, asphalt, and others pose a potential threat and must be managed. Other possible sources of 
contamination associated with industrial land uses include: 

9 	mining (surface and underground) 
• pipelines 

storage tanks (above and underground) 
• operating and abandoned wells (e.g., gas, oil, water supply, injections, monitoring and exploration) 
o septage lagoons and sludge 

land application of sludge 

Mining, which is common in parts of Southwestern Virginia, can cause many types of environmental 
problems. The creation of toxic,  products, lowering of the water table, disruption of aquifers, effects on 
movement and recharge of ground water, and the causing of land subsidence can completely alter the 
landscape and seriously affect wellhead areas. 

The liquid wastes produced by coal-fired plants, rendering plants, fertilizer production operations, and 
other industrial activities are often placed in shallow holding ponds and lagoons. These liquids can easily 
contaminate ground water, especially if the lagoons are constructed with insufficient lining, and thus should 
not be located over aquifers supplying drinking water. For persons wanting additional information on in-
dustrial activity, an EPA Technical Assistance Document, "A Review of Sources of Ground Water Contam 
ination From Light Industry" is cited in Chapter 7. 
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Figure 10 (continued) 

Commercial 
Many commercial operations use toxic and hazardous materials in their processes. Examples include: 

• auto repair shops, gas stations 
• road maintenance depots, de-icing operations 
• boat yards, railroad tracks and yards, airports 
• construction areas 
• dry cleaners, laundromats 
• medical institutions, research laboratories 
• photography establishments, printers 

The storage, use and disposal of chemicals required by these operations can pose a potential threat to 
ground water, since even small amounts of the hazardous materials can contaminate large amounts of 
ground water. Storing quantities of the materials can also create a serious problem if they are not contained 
and stored properly. Leaks and spills from storage tanks and pipes can contaminate ground water, ren-
dering the water unfit for drinking. 

Agricultural 
Chemical usage associated with farming activities can present a contamination threat to underlying 

ground water. Pesticides, fungicides, and fertilizers can leach through the soil to the water below when 
applied improperly in the field. They also have the potential to leak from any storage containers into the 
ground. 

Animal feedlots and livestock operations can create excessive nitrate/nitrite and bacteriological prob-
lems if animal waste loads are high and ground water is shallow or the soil is permeable. Ground water 
contamination from livestock operations can best be prevented by siting operations in areas with sufficient 
soil attenuation capacity and by controlling animal densities. 

Waste Management 

Disposal of wastes must be handled carefully to prevent contamination of ground water. Older landfills 
in particular can significantly threaten ground water. Leachate is produced from precipitation or other mois-
ture seeping through waste to the base of the landfill, taking with it soluble materials. In unlined landfills, 
substances in the leachate can percolate through the soil and contaminate aquifers below the landfill. Haz-
ardous waste management is an even touchier problem since the materials to be handled pose a greater 
threat. In lined landfills reliance is placed on the liner not failing after a number of years. 

The need to manage stormwater is created by most development - residential, commercial and industrial 
- since impervious surfaces prevent rain from soaking into the soil. This allows an accumulation of pollutants. 
Stormwater management, which has only been a subject of concern for the past ten to fifteen years, focuses 
on controlling the volume and peak discharge rate which increases dramatically when impervious surfaces 
cover an area. Concern also needs to be given to potential impacts on the ground water. 
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for wellhead protection purposes is collected in ad-
dition to generalized information. In any case, be-
fore the field investigation team sets out they must 
be clear on what they are to record, how and on what 
forms or maps. 

The best guidance for conducting a land use sur-
vey continues to be the classic Urban Land Use Plan-
ning by Chapin and Kaiser, most recently updated 
in 1979. Chapter 8 discusses preparation of base 
maps, land use coding systems, advance prepara-
tions, field procedures and gives examples of coding 
forms and annotated working maps. This book is 
available in most planning offices or the personal 
collections of planning officials. U.S. EPA's Guide for 
Conducting Contaminant Source Inventories For 
Public Drinking Water Supplies is another useful 
source. 

Step 7 - Conduct the Survey 

When all the preparations have been made, 
conducting the field survey should primarily be a 
matter of implementing these preparations. 

One thing that can be anticipated is that the ap-
pearance of the study team, perhaps in an official 
car and carrying maps and clipboards, will arouse 
curiosity and perhaps apprehension on the part of 
land owners and others in the study area. This can 
be converted to an opportunity to educate the public 
about wellhead protection. In all likelihood the land 
owner is served by ground water from the area being 
surveyed and will have an interest in maintaining 
that water supply. There may also be apprehension,  
about possible new regulations or other changes 
which may constrain the use of property. Field per-
sonnel should be instructed in how to respond to 
such reactions. Statements about how decisions will 
be made and when will be appreciated by curious 
landowners who may want to become involved in the 
wellhead protection process. 

A portion of the work for the study areas is best 
done in the office. This applies particularly to vacant 
land which has not yet developed and developed 
land where the occupant or activity might change. In 
these cases, someone knowledgeable and familiar 
with the local zoning ordinance should make a de-
termination about which of the land uses, activities 
and facilities of concern would be allowed to be de-
veloped in the future under the current zoning pro-
visions. Likewise, if there is a discrepancy between 
what the long term plan shows and what the zoning 
ordinance allows or what currently exists, these dis-
crepancies should be noted. 

Step 8 - Compile the Land Use Data 

Data should be compiled separately for each 
study area. Both tabular and map presentations will 
prove useful. Maps will allow geographic and dis- 

tance factors to be assessed and help to identify 
emerging development patterns. Tables summariz-
ing the acreage of uses of concern - perhaps broken 
down by high, medium, and low pollution potential 
- will facilitate assessment of degree of risk and allow 
for comparisons between wells. Figure 11 can be 
referenced for examples of potential pollution 
sources categorized by level of risk. 

In each case, special note should be made of ob-
servations from the field which will enrich the tabu-
lated or mapped data. For instance, if in the course 
of conducting the field work, a property owner in-
dicated a particular concern or a willingness to par-
ticipate in the wellhead protection effort, this should 
not be lost in field notes but should be carried for-
ward for follow-up. Additional special notes should 
be carried forward about suspected abandoned 
wells or underground tanks. 

Other useful information which should be com-
piled for each wellhead area would be property 
maps and owner/address lists. Surface drainage 
patterns and soils could also prove useful in assess-
ing the potential direction of flow and the permea-
bility characteristics of materials which might trans-
mit pollutants. If the locality has a DRASTIC map 
showing pollution potential based on topographic, 
and other factors, that information should also be 
assembled. Another useful piece of information 
would be the presence (or absence) of nearby exist-
ing or planned water lines which would help in as-
sessing alternative water supplies. 

Step 9 - Assess Vulnerability, Replacea-
bility, and Impact of Alternative Strate-
gies 

This step may be one of the most complex in the 
wellhead protection process. It involves combining 
the compiled data, weighing the significance of what 
has been found and assessing various options. Con-
siderable judgement is required and for that reason, 
it may be desirable to take a team approach involv-
ing various county staff. It may be desirable to es-
tablish an advisory committee consisting of com-
munity members and county staff to better assess 
impacts and educate various sectors of the com-
munity. In some communities, it is expected that a 
committee will be appointed to give advice and re-
actions on almost any significant planning issue. 
Elsewhere, the Planning Commission itself fills this 
role. Whether to complete the vulnerability assess-
ment, etc., of step 9 and then to report the results 
along with proposed actions or whether to involve 
others at the beginning of step 9 - or earlier - is a 
choice that each locality should make. 

No formula can be offered for weighing the in-
formation which has been compiled. This is much 
like any other planning or zoning decision process 
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Figure 11 

The following list is from the Rhode Island wellhead protection program. It groups activities by their 
degree of risk. 

LIST OF CATEGORIES OF POTENTIAL SOURCES OF GROUND WATER CONTAMINATION 

Higher Risk 
Airports-Commercial (maintenance repair, 
Automotive Repair Shops 
Automotive Body Shops 
Boat Builders & Refinishers 
Bus & Truck Terminals 
Chemical Manufacturers 
Dry Cleaners 
Dumps 
Fuel Oil Distributors (product storage, 

equipment maintenance & storage) 
Furniture Strippers, Refinishers 
Industrial Manufacturers 

Agricultural Related Activities* 
(pesticide & fertilizer storage & application, 
machinery maintenance & fueling) 

Asphalt, Coal, Tar & Concrete Companies 
Car Dealers 
Dredge Disposal Sites 
Medical Facilities (hospitals, clinics, laboratories) 
Military Facilities (past & present) 

Junkyards & Salvage Yards 
Landfills 
Machine Shops 
Metal & Drum Cleaning/Reconditioning 
Paint Shops 
Photographic Processors 
Printers, Blueprint Shops 
Railroad Yards 
Repair Shops (engines, appliances, etc.) 
Rust Proofers 
Service Stations (gas stations) 
Waste Storage, Treatment, & Recycling 

(hazardous & non-hazardous waste) 

Moderate Risk 
Nursing Homes 
Pipelines (oil & sewer) 
Prisons 
Research Laboratories 
Road Salt Storage 
Schools, Colleges & Trade Centers 
Wastewater Treatment Plants (past or present sludge dis- 
posal) 
Wood Preservers 

fuel storage) 

Not all agricultural applications of pesticides and fertilizers represent a moderate risk to ground water. A number of factors are 
involved in determining the risk to ground water, and many pesticide and fertilizer applications can be considered to represent a 
lower risk. 

Lower Risk 
Animal Care & Holding Areas (stables, kennels, pet shops) 
Auto Parts Stores 
Beauty Salons 
Construction Sites 
Food Processors (meat packers, dairies, bakeries) 
Funeral Homes & Cemeteries 
Golf Courses 
Hotels & Motels 
Land Application of Sewage Sludge 
Laundromats 
Nurseries 

Residential Development (lawn care, septic systems) 
Restaurants & Taverns 
Retail Shopping Centers, Malls 
Sand & Gravel Mining Operations 
Sawmills 
Stormwater Management Facilities 
Transmission Line Rights of Way 
Transportation Corridors (road de-icing, materials 

transport) 
Utility Substations/Transformers 
Waste Transfer Stations 

Notes 
I . This list is not a substitute for investigating a specific source in order to determine its threat to ground water, which may 

be higher or lower than indicated on this list. 

2. The level of risk to ground water associated with each category is based on the assumption that the sources are not 
utilizing and/or releasing any potential contaminants that are not normally associated with the activity. In addition, the 
threat posed by facilities within a category varies depending on the safeguards or best management practices that are 
utilized to prevent contamination. 

3. It is assumed that none of the categories in this table are being served by sewer systems. Consequently, if sewer lines 
were brought into an area, the risk posed by certain categories could potentially be reduced. 

4. Low risk is not to be confused with no risk. Sources in this category can and have caused ground water contamination. 

5. This list is subject to change as more information becomes available about the threats posed to ground water from these 
categories. 

Source: State of Rhode Island 3058 Report, 1990, Ground Water Section. 
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Figure 12 

EXAMPLES OF FIELD STUDY MAPS AND MATERIALS 
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in that it is a matter of judgement and balancing of 
factors. 

One approach would be to develop what could 
be called a "Risk/Response Matrix." Along one axis 
might be risk factors broken into high, medium and 

Figure 13 

DRASTIC 

DRASTIC is a mapping system which pro-
vides a systematic way for planners, administra-
tors, and managers to address the relative vul-
nerability of an area's water table aquifer to 
contamination when making decisions that may 
impact the ground water resource. The name 
DRASTIC derives from the seven factors which go 
into the maps. These are: 

• Depth to water 
• Recharge 
• Aquifer Media 
• Soils 
• Topography 
• Impact of Vadose Zones 
• (Hydraulic) Conductivity 

The system consists of two major compo-
nents: the mapping of hydrogeologic settings 
and the assignment of an index number which 
helps the user evaluate the relative ground water 
pollution potential of these settings. This infor-
mation can be used for preventative purposes 
through the priortization of areas where ground 
water protection is critical and can identify areas 
where special attention is warranted. 

DRASTIC was developed by the U.S. EPA and 
the National Water Well Association. Interest has 
been growing in Virginia since DRASTIC map 
training workshops were initiated by the Virginia 
Ground Water Protection Steering Committee. 
The following Virginia counties now have DRAS-
TIC maps and are using them for various pur-
poses: 

Amherst 	 Nelson 
Augusta 	 Prince William 
Botetourt 	 Rappahannock 
Carroll 	 Rockbridge 
Greene 	 Rockingham 
Henrico 	 Shenandoah 
Louisa 	 Southampton 
Middlesex 	Warren 

Six of these communities were part of an original 
pilot program undertaken by the Virginia 
Ground Water Protection Steering Committee. 
The others have been undertaken by local gov-
ernments, PDCs, or other organizations. 

 

low. The other axis might reflect an assessment of 
the stakes or an evaluation of what is at risk. A public 
water supply system serving a large number of cus-
tomers for which there was no feasible alternative 
supply might be considered high stakes. A well class-
ified as high stakes and high risk would warrant a 
strong response while a low risk, low stakes well 
might only warrant monitoring and an education/ 
outreach effort. 

The nature of the vulnerability of each well de-
pends on many factors - the hydrogeologic province 
in which the well is located, soil and geologic con-
ditions at the particular site, current and future sur-
face and sub-surface uses, and availability of alter-
native supplies and the population serviced. To assist 
with part of this phase of decision making, EPA has 
prepared a technical assistance document titled 
"Guide to Ground Water Supply Contingency Plan-
ning For Local and State Governments" (see Chap-
ter 7). 

Step 9 could also be described as a strategic 
planning step where everything comes together. As 
in other strategies, planning details and implemen-
tation particulars are not focal concerns - rather ma-
jor options and categories of action should be con-
sidered at this stage. Looking ahead to subsequent 
steps (in broad outline) and looking back to earlier 
steps to assess various inputs both occur during stra-
tegic planning. 

The conclusion of step 9 would occur when it was 
possible to summarize and report what has been 
found and what strategic next steps are proposed 
along with their justification. A generic outline of 
such a report might look something like the follow-
ing: 

	

I. 	Public Wells in County X 
a) number 
b) locations 
c) withdrawal rates and service areas 
d) ownership 
e) role of wells in the overall public water 

supply system 

	

II. 	Results of Study Area Surveys 
a) methodology 
b) field study findings 
c) plans, zoning and other findings 
d) replaceability findings 

	

Ill. 	Proposed Strategy 
a) proposal and rationale 
b) other strategies considered but not 

recommended 
1) do nothing 
2) others 

	

IV. 	Next Steps 
a) regulatory measures 
b) voluntary measures 
c) dealing with existing land uses 
d) anticipating future allowed uses 
e) technical assistance 
f) financing 
g) work plan for next steps 
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Chapter 4 discusses a variety of tools and meas-
ures which would be the basis for considering "next 
steps." Chapter 5 discusses the advantages and dis-
advantages of various delineation techniques which 
can be used to estimate the area which might be es-
tablished as the official wellhead protection area. 

Step 10 - Discuss Results With the Plan-
ning Commission and Board/Council 

It is frequently said that ground water is "out of 
sight and, therefore, out of mind." To the extent that 
this is true, it is a problem. 

This stage in the wellhead protection process can 
be viewed as an opportunity to promote ground 
water and wellhead awareness and to build com-
munity support for wellhead protection. If wellhead 
protection can be seen as a means of protecting a 
valuable public investment in water supply, main-
taining the community's reputation and attractive-
ness for development, protecting private investment 
and property values and as beneficial and necessary 
for the community, this would be desirable and 
would likely provide a basis for taking further steps. 
If, on the other hand, the community's first encounter 
with wellhead protection is in the form of more re-
strictions and more government control, it may 
prove difficult to gain the community support nec-
essary for a program. The key factors in the com-
munity seeing wellhead protection as worthwhile 
are: early and consistent information; encouraging 
a partnership attitude between water customers, well 
owners, property owners and local government; and 
protection measures that are appropriate and jus-
tifiable in terms of both allowing for beneficial uses 
of property and protection of ground water to serve 
community needs. This approach is nadifferent than 
in other zoning situations but it may be that wellhead 
protection can be explained with a clearer rationale 
than other less focused area-wide forms of planning 
and zoning. 

Step 11 - Implement Management 
Practices and Delineate Wellhead 
Protection Areas 

At this point the Planning Commission and 
Board would need to authorize proceeding to im-
plement particular protection measures. The local 
planning staff or the PDC is familiar with preparing 
zoning and other regulatory proposals and should 
handle the wellhead protection measures according 
to local practice. 

Other aspects of implementation also deserve 
mention. Once wellhead protection areas have been 
adopted, it is suggested that copies of these maps 
be incorporated into the comprehensive plan and all 
other development and property related maps so 
that "one hand knows what the other is doing." It 
would also be advisable to file a copy of a map 
showing the protection areas with other local and 
state agencies who might conceivably take action in 
the vicinity of the wellhead areas. These might in-
clude: fire and police departments, neighboring lo-
calities, the Planning District Commission, Virginia 
Department of Transportation, Virginia Department 
of Waste Management, Virginia Department of 
General Services, Virginia Water Control Board, Vir-
ginia Department of Health, and the County Exten-
sion agent. Many state agencies make it a practice 
to contact local governments prior to their own ac-
tion, however, attempting to alert them to the exist-
ence of wellhead protection areas in advance may 
avoid problem issues before they occur. 

Second, a contingency plan should be devel-
oped for each well in the event that an alternative 
water supply were necessary. Both the immediate 
needs of customers and long-term replacement 
should be addressed. A plan for easing public con-
cerns and a single conte'ict person should be desig-
nated. 

Step 12 - Plan for the Future 

Wellhead protection should extend beyond cur-
rently operating wells to include planning for the fu-
ture. Just as localities consider future surface water 
impoundment sites and take steps to protect these in 
anticipation of need, so should similar steps be 
taken to protect future well sites and wellhead pro-
tection areas. 

Also, keep in mind that the Safe Drinking Water 
Act's wellhead protection program addresses only 
public wells. However, in many localities individual 
household wells, if added up, serve many more peo-
ple. Public wellhead protection is justified as a start-
ing point based on the number of people served, on 
protecting the public investment and in educating 
the community, and on the need for more inclusive 
ground water protection. Public wells may be ad-
dressed as a first step but many more wells exist as 
part of an area-wide pattern of private use with-
drawal. These private wells also need to be pro-
tected. 
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Chapter 4 

WELLHEAD PROTECTION TOOLS 

Local governments in Virginia have the authority 
to employ a range of planning, regulatory, and 
other techniques in order to achieve wellhead pro-
tection goals. Tools, such as overlay zoning or ease-
ments, for example, are well suited to achieving 
land use and source controls to protect wellhead 
areas. 

A locality's decision about which methods to 
employ is really two decisions. One has to do with 
the size and extent of the area to be protected. The 
other has to do with the degree of restrictiveness of 
the protections. If the wellhead protection area is to 
be of minimal size and limited to the immediate 
vicinity of the well, the controls may need to be rel-
atively stringent. The protection approach for a 
large wellhead protection area, however, may in-
clude tiers where the restrictions reflect progressively 
reduced levels of control. The most restrictive con-
trols might be placed near the wellhead, with grad-
uated zones phasing to less restrictive provisions 
further from the well. 

Since the choice of tools is related to the size of 
the wellhead protection area, it is suggested that 
Chapters 4 and 5 be read together. In the following 
chapter,Chapter 5, methods for delineating pro-
tection areas are described and compared. The 
meshing of protection techniques and delineation 
methods into a workable wellhead protection 
scheme will require, like any other land use plan-
ning decision, a sensitivity to local political and eco-
nomic factors as well as legal and environmental 
considerations. 

In the following sections, tools are grouped 
based on their general method or approach. 

Planning Approaches 

Comprehensive Planning. The comprehen-
sive plan is a logical starting point for wellhead pro-
tection since it provides the foundation for all pro-
grams and land use management tools at the local 
level. It sets forth goals and policies to guide future 
land use and development policies of a community. 
In the event that a community's wellhead protection 
program is ever challenged, one of the best defen-
ses will be a well formulated comprehensive plan 
which provides the basis and rationale for the chal-
lenged action. 

Virginia law requires that local governments 
prepare comprehensive plans and update them at 
least once every five years. Provisions were added 
to the code in 1988 and 1990 to indicate that ju-
risdictions shall study matters such as ground water 
and geology in preparing their plan and may sub-
sequently adopt provisions to protect the ground  

water resource. These provisions apply both to pri-
vate wells serving individual households and busi-
nesses, and to the various types of public wells which 
are the focus of the Handbook. 

Area-wide planning studies for public wells 
might examine land use types and densities in re-
lation to ground water vulnerability, and result in 
designating areas where conservation and protec-
tive measures are needed. Techniques such as 
DRASTIC mapping could be employed to assess vul-
nerability. This evaluation process can help localities 
to understand the nature of any potential threats to 
their drinking water supply, and provide an impetus 
for establishing goals to protect these valuable re-
sources. 

Site specific studies around individual public 
wells can provide the basis for planning and goal-
setting on a site by site basis. In some cases, the 
individual results may suggest that the community 
revisit its development concepts and policies in or-
der to address recurrent issues or problems. 

Localities that fall under the Chesapeake Bay 
Preservation Act are already familiar with using 
comprehensive plans to evaluate development pat-
terns and their impact on water quality protection. 
In order to comply with the Act, Chesapeake Bay 
jurisdictions must prepare comprehensive plans 
which identify the relationships between water qual-
ity protection and other land use considerations. 
The Chesapeake Bay Local Assistance Depart-
ment's Local Assistance Manual includes a section 
on wellhead and ground water protection and pro-
vides useful guidance for all localities regardless of 
location. 

Capital Improvements Planning. Often in-
cluded as an element in a comprehensive plan, a 
capital improvements program -.or CIP - provides 
a schedule for financing, constructing, repairing, or 
replacing major public facilities needed by a lo-
cality. Section 15.1-464 of the Code of Virginia per-
mits a locality to prepare a capital improvements 
program based upon its comprehensive plan, but 
does not make it mandatory. It states that: 

"...Such capital improvement program shall 
include the commission's recommenda-
tions, and estimates of cost of such facilities 
and the means of financing them, to be un-
dertaken in the ensuing fiscal year and in a 
period not to exceed the next four years, as 
the basis of the capital budget for the county 
or municipality...." 
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Figure 14 

ENABLING LEGISLATION FOR COMPREHENSIVE 
PLANNING IN VIRGINIA 

In 1988, following the completion of A Groundwater Protection Strategy for Virginia, the Virginia Code 
was amended to include provisions for localities to survey and study matters such as ground water and 
geology in preparing their plan. This section of the code now reads as follows: 

PLANNING, SUBDIVISION OF LAND AND ZONING - 
ARTICLE 4: 

The Comprehensive Plan 

15.1-446.1. Such plan, with the accompanying maps, plats, charts, and descriptive matter, shall show 
the commission's long-range recommendations for the general development of the territory covered by 
the plan, including the location of existing or proposed recycling centers. It may include, but need not be 
limited to: 

1. The designation of areas for various types of public and privatedevelopment and use, such as 
different kinds of residential, business,industrial, agricultural, conservation, recreation, public serv-
ice, floodplain and drainage, and other areas. 

2. The designation of a system of transportation facilities such as streets,roads, highways, parkways, 
railways, bridges, viaducts, waterways, airports, ports, terminals, and other like facilities. 

3. The designation of a system of community service facilities such as parks, forests, schools, play-
grounds, public buildings and institutions, hospitals, community centers, waterworks, sewage dis-
posal or waste disposal areas, and the like. 

4. The designation of historical areas and areas for urban renewal or other treatment. 

5. The designation of areas for the implementation of reasonable ground water pro-
tection measures. 

15.1-447. Surveys and studies to be made in preparation of plan; implementation of plan — (1) In 
the preparation of a comprehensive plan, the local commission shall survey and study such matters as 
the following: (a) Use of land, preservation of agricultural and forestal land, production of food and fiber, 
characteristics and conditions of existing development, trends of growth or changes, natural resources, 
ground water, surface water, geologic factors, population factors, employment and economic factors, 
existing public facilities, drainage, flood control and flood damage prevention measures, transportation 
facilities, the need for affordable housing, and any other matters relating to the subject matter and general 
purposes of the comprehensive plan 	 

Capital improvements planning is an important 
component of a wellhead protection program, 
given the role that local government infrastructure 
plays in fostering development. In planning areas 
for future development, local governments must en-
sure that there will be adequate potable water sup-
plies. If ground water is to be relied on as the pri-
mary source of drinking water, this means 
considering the need for and the location of new 
welifields. In addition, furnishing infrastructure to a 
region, or not doing so, can act as a means of 
locating future development in areas away from 
wellheads in order to lower vulnerability to ground 
water contamination. The CIP also plays a role in 
contingency planning. In the event that a public well 
needed to be phased out, replacement supplies -  

either from surface or ground water sources - would 
need to be identified, planned and linked to a 
source of funding. 

Contingency Planning. In deciding how big 
an area to protect and what protections should be 
applied, a locality must evaluate how dependent it 
is on the current supply from a given water well. A 
contingency plan deals with this issue, identifying 
how a jurisdiction would deal with a water supply 
disruption, as well as addressing prevention meth-
ods and mitigation measures to avert threats. 

In developing a contingency plan, potential 
threats to ground water should be classified along 
with appropriate response and remediation actions. 
This should include specific information on the in-
dividuals responsible for coordinating and taking 
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response actions. Plans for obtaining replacement 
water sources should be determined and means of 
funding identified in the event that a problem oc-
curs. Thinking seriously about contingency planning 
may be what motivates a locality to undertake well-
head protection as a way of decreasing the need 
to implement its contingency plan. 

Regulatory Techniques 

General Zoning. The ability of a locality to 
control land uses through zoning can provide a 
strong basis for a successful ground water protec-
tion program. Along with the part of the code deal-
ing with the comprehensive plan, Section 15.1-489 
of Virginia's zoning law was also amended to in-
corporate language allowing localities to include 
"reasonable" zoning provisions to protect ground 
water. Wellhead protection is a prime example of 
the type of program envisioned when the state en-
abling laws were expanded. While the term "rea-
sonable" is not defined in the statute, it can be as-
sumed that a reasonableness standard applies to 
all zoning and, therefore, that ground water pro-
tection measures must be no less reasonable than 
other zoning measures. 

Zoning can be used as a tool to protect wellhead 
areas from contamination in a number of ways, 
depending on the level of development surrounding 
the wellfields. It is most effective for directing future 
development in a planned fashion - it is much less 
effective once an area is developed. This is a good 
reason to take a preventive and anticipatory ap-
proach in dealing with wellhead areas. 

If a wellhead area is currently undeveloped, the 
most direct approach for protecting it would be to 
zone the wellhead area for uses compatible with 
ground water protection. Other uses, those on the 
"Land Uses Impacting Ground Water Quality - 
What to Look For" lists discussed in Chapter 3, such 
as certain commercial or industrial activities, could 
be directed to other locations where the ground 
water and surface water resources may be less vul-
nerable. 

In addition, the following sections discuss spe-
cific types of zoning controls that are especially ap-
plicable for wellhead protection, although others 
may be appropriate as well. The techniques that will 
be discussed here are: overlay zones, density re-
strictions and cluster development, setback and 
buffer requirements, conditional zoning and special 

   

Figure 15 

ENABLING LEGISLATION FOR ZONING IN VIRGINIA 

The Virginia enabling legislation for zoning was also amended in 1988 to allow localities to adopt 
reasonable provisions in their zoning ordinances to protect the ground water resource. This section of the 
code now reads as follows: 

PLANNING, SUBDIVISION OF LAND AND 
ZONING - ARTICLE 8: 

Zoning  

15.1-489. Purpose of zoning ordinances—Zoning ordinances shall be for the general purpose of pro-
moting the health, safety or general welfare of the 15.1-427. To these ends, such ordinances shall be designed 
to give reasonable consideration to each of the following purposes, where applicable: (1) to provide for 
adequate light, air, convenience of access, and safety from fire, flood and other dangers; (2) to reduce or 
prevent congestion in the public streets; (3) to facilitate the creation of a convenient, attractive and harmonious 
community; (4) to facilitate the provision of adequate police and fire protection, disaster evacuation, civil 
defense, transportation, water, sewerage, flood protection, schools, parks, forests, playgrounds, recreational 
facilities, airports and other public requirements; (5) to protect against destruction of or encroachment upon 
historic areas; (6) to protect against one or more of the following: overcrowding of land, undue density of 
population in relation to the community facilities existing or available, obstruction of light and air, danger 
and congestion in travel and transportation, or loss of life, health, or property from fire, flood, panic, or other 
dangers; (7) to encourage economic development activities that provide desirable employment and enlarge 
the tax base; (8) to provide for the preservation of agricultural and forestal lands and other 
lands of significance for the protection of the natural environment; (9) to protect approach slopes 
and other safety areas of licensed airports, including United States government and military air facilities; and 
(10) to promote affordable housing. Such ordinance may also include reasonable provisions, not 
inconsistent with applicable state water quality standards, to protect surface water and ground 
water as defined in §62.1-44.85 (8). 
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Figure 16 

CLARKE COUNTY'S USE OF OVERLAY ZONING 

Prospect Hill Spring is a major source of drinking water for the communities of Boyce and Millwood 
in Clarke County, Virginia. Concern had arisen that future growth and development near the spring might 
result in its contamination. In 1983 Clarke County hired a contractor to perform a hydrogeologic and 
engineering study of the spring. As a result of that study, the County implemented an overlay zoning 
district to protect the recharge area surrounding the spring. 

The Natural Resource Conservation (RC) Overlay District was designed as part of the Clarke County 
Zoning Ordinance to "apply special regulations to the ground water recharge area of the Prospect Hill 
Spring" with a purpose of protecting "those water resources in Clarke County which are necessary to 
serve adequately and efficiently the public need, health and welfare..." The area included in the RC 
boundary extends approximately 3,000 feet from the spring. It covers a previously zoned area and allows 
development and land uses permitted by the underlying zoning if they are compatible with the intent of 
the RC District. However, the following uses or development of land within the district are strictly prohibited: 

• Mining, and/or extraction of natural resources; 
• Drilling, other than for private, on-site source of potable water; 
• Sanitary land filling, application, depositing, spreading or spraying of any hazardous or toxic chemical and/or biologial 

materials or substances; 
• Underground storage of any chemical or petroleum products for commercial or industrial purposes; 
• Storage, disposal, and/or land application of sludge, residue and/or effluent resulting from treatment, storage, disposal 

or reclamation of sewage and industrial wastes; and 
• Animal confinement operations (feedlots). 

Clarke County also mandates that residential dwellings be built on a minimum lot area of two acres 
and a maximum lot area of four acres, and that the lot coverage by all impervious surfaces not exceed 
twenty percent. Detailed regulations for septic systems are also laid out, but the County plans to update 
the ordinance by the end of 1992 to increase the septic requirements. New district boundaries will be 
established through the update of the Comprehensive Plan, and additional restrictions will be implemented. 
The intent in the new ordinance will be to keep the strictest provisions in the currently protected area, and 
to add new, less stringent, requirements for areas further out from the spring. 

permits, and subdivision requirements. 
Overlay Zones. Overlay zoning involves plac-

ing additional requirements for environmental or 
other purposes on portions of existing zoning dis-
tricts. The standards for the overlay zone are then 
added to the standards of the original zone. This 
technique is also appropriate in protecting environ-
mentally sensitive areas with geographic bounda-
ries that do not coincide with the underlying zoning 
district. 

Floodplain overlay zones are a common use of 
this type of zoning, where the overlain restrictions 
in flood areas cover portions of the community's 
residential, commercial, and industrial districts but 
not all. Within the floodplain zone, standards for 
floodproofing of buildings, erosion control, and 
other purposes are added to the existing require-
ments. This overlay technique can also be used to 
protect reservoirs and historic areas, and for con-
trolling building heights near airports. 

At the recommendation of the 1991 report of 
the Ad Hoc Wellhead Protection Advisory Commit- 

tee, the Virginia Ground Water Protection Steering 
Committee endorses overlay zoning as an appro-
priate approach for wellhead protection. Overlay 
zoning enables a municipality that already has a 
standard zoning ordinance to add wellhead pro-
tection zones and regulations. 

A wellhead protection overlay zone might in-
clude requirements such as: 

• prohibition of certain uses; 
• reduced densities; 
• limits on amounts of impervious surface; 
• special requirements for septic systems; 
• strict control of hazardous and toxic materials storage 

and management; or 
• special stormwater and waste disposal provisions 

In addition, several of the land management 
tools which will be discussed below, such as site plan 
review, design and operating standards, and source 
prohibitions, might be especially effective when ap-
plied within wellhead area overlay zones. 

Density Restrictions. Reducing the allowable 
density of structures can be useful in protecting a 
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wellhead area since it lessens the potential impacts 
of development by reducing the total number of 
buildings,-amounts of impervious surface, or num-
bers of septic systems within the zone. Since large-
lot zoning tends to leave more open land, it can 
also help maintain natural vegetation and land-
scape contours which contribute to the filtration of 
runoff and recharge water. The down side of large 
lot zoning is that it uses more land and almost guar-
antees that private septic systems rather than a com-
mon waste water collection system will be used, in 
which case there would actually be more discharge 
to the ground than if densities were higher. If, how-
ever, there is no chance of a public sewer system, 
then larger lots would result in fewer septic systems 
and fewer failures than smaller lots. 

Cluster Zoning and Planned Unit Devel-
opments (PUD) are another strategy to reduce 
densities near wellheads. These methods increase 
densities within portions of parcels while the re-
maining areas are left in open space and that open 
space could be established near the well to be pro-
tected. This technique offers flexibility in designing 
and locating development in wellhead protection 
areas so that the more sensitive portions of a site 
can remain in a natural unaffected state. 

Setback and Buffer Requirements. Zoning 
ordinances normally include requirements that 
buildings be set back a certain minimum distance 
from the boundaries of a lot. The setback require-
ment could also be used to ensure that structures 
are kept away from the most sensitive areas of the 
lot or from features or facilities near the lot. Buffer 
strips of natural vegetation can also be required 
between structures and the lot boundaries to allow 
for better water filtration and erosion control. Given 
the inflexibility of a lot by lot approach, however, a 
cluster or PUD approach to an entire development 
may be a preferred approach. 

Conditional Zoning and Special Use Per-
mits. Conditional zoning and special use permit-
ting provide ways to add flexibility and to respond 
to the particular features of each site as applications 
are submitted for its development. Uses, which 
might be inappropriate to a district if permitted with-
out limitation, can be allowed under certain spec-
ified conditions. Rezoning which allows an applicant 
to voluntarily propose (proffer) conditions that limit 
or qualify how property may be used can address 
many of the concerns that might arise in a wellhead 
protection area. The acceptability of different land 
uses can thereby be evaluated on a case by case 

Figure 17 

WATER RESOURCES OVERLAY ZONING DISTRICTS 

Source: Wellhead Protection Programs: Tools for Governments 



Figure 18 

A WELLHEAD PROTECTION OVERLAY ZONE IS ADDED TO 
EXISTING ZONING 

Source: Wellhead Protection Programs: Tools for Local Governments 
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basis to ensure that potentially harmful activities are 
adequately addressed. 

In terms of wellhead protection, these tech-
niques can be used so that certain land uses, such 
as single family housing, are allowed while other 
more intensive uses, such as apartment complexes, 
are permitted only under specified conditions which 
would minimize impact to the aquifer, including 
septic tank or mass drainfield limits, impervious sur-
face restrictions, or vegetation planting require-
ments. This tool is probably most effective if used 
in combination with site plan review, which is dis-
cussed below. 

Subdivision Ordinances. Subdivision ordi-
nances are local regulations that establish require-
ments for streets, utilities, property platting, and 
procedures for dedicating land for rights-of-way 
and easements. Their primary focus is on what 
might be termed engineering concerns and ensur-
ing that the basic site and public facility needs are 
met. Roads, lot drainage and water supply are 
among the concerns to be addressed. If the sub-
division involves property in the vicinity of a current 
or a planned public well, the subdivision should be 
designed and laid out in a way that would minimize 
any impacts upon the wellhead protection area. The 
Code of Virginia Section 15.1-466 outlines the pro-
visions of subdivision ordinances and while it does 
not specifically mention wellhead protection areas, 
how a subdivision is designed can have an influence 
on preventing ground water contamination and 
promoting beneficial aquifer recharge. If a new 
subdivision is to be served by their own community 
water supply and the locality has wellhead protec-
tion overlay district provisions on the books, ap-
proval of the subdivision should ideally be coordi-
nated with a rezoning to add the overlay district 
provisions around the new well site. Consideration 
should also be given to preparing a contingency 
plan in the event that supplies were to fail or become 
contaminated. 

Site Plan Review. The purpose of a site plan 
review is to assure that a proposed development is 
laid out to be compatible with existing land uses in 
the surrounding area and existing or planned in-
frastructure. A site plan review requirement can be 
a very useful tool for implementing a wellhead pro-
tection program because it offers a mechanism for 
reviewing and enforcing other requirements, such 
as design and operating standards or source pro-
hibitions. The more sophisticated and complex a 
wellhead protection ordinance, the more useful a 
comprehensive review process will be for ensuring 
that all aspects of the regulations are being ad-
dressed. Localities need to keep in mind, though, 
that the more technically complex the site plan re-
view requirements, the more time and expertise re-
viewers must have. 

Design and Operating Standards. Design 
and operating standards are used to regulate the 
design, construction, and ongoing operation of var-
ious land-use activities. Design standards include 
physical requirements such as double-walled un-
derground storage tanks, runoff collection systems, 
stream or ditch channels, and road-salt storage 
areas. Operating standards are procedures to pre-
vent pollution during the normal activities of a land 
use. When used in coordination with site plan re-
view, special use permits or proffered zoning, de-
sign and operating standards can be an effective 
technique in preventing ground water contamina-
tion in wellhead areas. 

A hazardous materials containment structure or 
area is one example of an activity that could have 
a significant impact on ground water and could be 
controlled by design standards with requirements 
for a back-up containment system or adequate pro-
tection from adverse weather to prevent an acci-
dental release of materials. Design standards to 
limit the size of large impervious surfaces, such as 
parking lots or buildings, could also be useful to 
ensure a wellhead area has adequate aquifer re-
charge. 

Operating standards designed to protect well-
head areas would be a set of procedures that can 
be used in a particular industry or commercial ac-
tivity to limit the threat to the environment posed by 
ongoing processes, such as pesticide application or 
the management of hazardous substances. As a 
locality develops its wellhead protection program, 
it should review the ongoing activities within well-
head areas to determine their contamination 
threats. As is discussed later, it is often difficult to 
impose new operating standards retroactively so it 
may be that a voluntary approach should be en-
couraged. "Working with" larid owners may 
achieve the desired result as quickly and less pain-
fully than a "command and control" effort. 

Localities should keep in mind that some po-
tential sources of ground water contamination are 
already regulated under Federal or State design 
and operating standards which may preempt cer-
tain local actions. These sources include: 

• underground storage tanks containing petroleum 
products or hazardous substances 

• underground injection wells 
• hazardous and nuclear waste facilities and generators 
• use of pesticides 
• municipal and industrial solid waste landfills 
• wastewater treatment plants 
• PCB storage, treatment, and disposal facilities 
• Superfund sites 
• surface mines 

Source Prohibitions. Prohibiting the storage 
or use of specific hazardous materials in a wellhead 
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protection area can help remove a serious threat to 
ground water supplies. Where a wellhead areas is 
so vulnerable that design and operating standards 
would not be fully protective, or where there is no 
development in the wellhead area, source prohi-
bitions can be considered. 

These regulations generally take the form of 
either restrictions on the use of specific hazardous 
materials or prohibitions against certain kinds of 
activities that typically require the use of dangerous 
materials. Specific materials of concern that might 
be prohibited within the wellhead area include 
heavy metals, solvents, petroleum products, and ra-
dioactive materials. Examples of activities that can 
pose a threat are described in Chapter 3. Com-
munities that take a material based approach rather 
than a land use approach should be aware that 

. greater staff expertise and careful monitoring and 
inspection will be necessary to make the program 
fully effective. 

Local Septic Tank Requirements. Septic sys-
tems can be a major source of ground water con-
tamination due to inappropriate siting, unfavorable 
soil or water conditions, poor design, construction, 
or lack of maintenance. While Virginia has state-
wide septic regulations, the state Code also allows 
localities to adopt more stringent regulations. Ches-
ter-field County, Virginia is an example of one lo-
cality which has adopted strider standards than the 
general statewide standards by requiring that septic 
systems be pumped at least once every five years. 
If implemented within the wellhead protection zone, 
stricter septic tank requirements could help to avoid 
pollution of underlying ground water from this po-
tential source. 

Dealing With Existing Non-Conforming 
Uses. If a wellhead area is completely undevel-
oped, most of the regulatory techniques described 
above would be useful and easily implemented. 
However, since this is not often the case, localities 
must be prepared to deal with the existing uses 
which are not fully compatible with wellhead pro-
tection but which have vested rights. Existing legal 
uses have certain rights to continue even after 
changes in zoning or other regulations deem them 
non-conforming. A recent amendment to the Vir-
ginia Code, Section 15.1-475P, immunizes ap-
proved final site plans and recorded subdivision 
plots from local ordinance changes for five years 
from the date of approval or recordation. Amorti-
zation or discontinuance of a use after a reasonable 
period of time is theoretically possible but both po- 
litically and legally difficult. A subtle combination of 
persuasion, negotiation, and agreements to come 
into compliance over time may be the best ap-
proach in such situations. If a special use permit or 
other authorization has a requirement for renewal, 

that occasion may provide an opportunity to bring 
a use into compliance. 

Phasing-in protective measures may take some 
time to be implemented fully, but this approach 
does offer the advantage of allowing the community 
to initiate wellhead protection in developed, un-
developed, or partially developed locations. The 
cliche "better late than never" does apply in such 
situations. 

Non-Regulatory Techniques 

Acquisition of Property or Development 
Rights. Ownership of land is sometimes described 
of as a "bundle of rights" - surface use rights, min-
eral rights, and the right to control access to the 
land, etc. A fee-simple title conveys full ownership 
of the entire bundle of rights, while a partial interest 
can be obtained for a more limited set of rights, 
such as the right to develop or subdivide the land. 
The surest means for a locality to provide for pro-
tection of wellhead protection areas would be 
through acquisition of fee-simple titles or devel-
opment rights of a property. The downside of this 
statement is that if rights must be purchased, this 
can be time consuming and costly if the area in-
volved is large or of high assessed value. A critical 
piece might be purchased around a crucial munic-
ipal well but widespread purchase may not be fea-
sible - especially for non-community or investor 
owned public wells. 

In some cases, acquisition might be justified by 
uses in addition to wellhead protection. These might 
include using the land for park or recreation facil-
ities or other community-oriented land uses. If the 
land is extremely sensitive, though, the property 
might best be set aside for conservation purposes, 
with public access restricted. Parks and golf courses 
can themselves threaten ground water if they are 
heavily fertilized or involve the use of pesticides. 

Localities can also protect ground water re-
sources by purchasing partial interests in a parcel 
of land, which can have advantages over fee-simple 
interest. Lower acquisition costs allow the commu-
nity to obtain interest in more parcels without being 
burdened with maintaining the property, and the 
property remains part of the taxable base. The more 
controlling the interests the locality acquires in prop-
erty, though, the closer the price becomes to the 
fee-simple cost. 

Partial interests in land in Virginia are most often 
acquired through either conservation easements or 
restrictive covenants. Sometimes referred to as 
"purchase of development rights," and sometimes 
offered as gifts, conservation easements allow the 
easement holder the right to prevent landowners 
from taking specified actions on the property cov-
ered by the easement, while at the same time al- 
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lowing landowners to continue many other pro-
ductive uses of their land. Easements could be used 
to protect ground water by prohibiting certain kinds 
or densities of development or restricting human 
activities such as the use of hazardous materials or 
septic systems for sewage disposal. Easements ap-
ply to all subsequent landowners for the full term 
of the easement, which may be either a finite num-
ber of years or permanent. The advantage to the 
landowner is in the form of tax benefits on their 
income tax as a deduction for a gift and on their 
real property taxes because the land has a reduced 
value for development as a result of the easement. 

Restrictive covenants are another device that can 
also be used to place permanent restrictions on the 
use of properties. Whereas easements must be held 
and enforced by a state agency or a charitable or-
ganization under provisions of the Virginia Conser-
vation Easement Act, convenants can be enforced 
by other property owners or service authorities. For 
properties in wellhead areas, convenants could be 
imposed to prohibit specific land uses, densities, or 
threatening activities. 

Use Value Taxation. Using property tax in-
centives to encourage landowners to keep their land 
undeveloped is a way localities can seek to protect 
wellhead protection areas. In 1971, the Virginia 
General Assembly passed enabling legislation al-
lowing localities to give agriculture and forest uses 
preferential assessment for property taxation. This 
means that undeveloped land is assessed at its 
value as currently used, rather than at its full market 
value. More recently, a provision was added to the 
Virginia Code Section 58.1-3230 to allow "real es-
tate devoted to open-space use" to also obtain this 
special classification if it is: 

"provided or preserved for park or recre-
ational purposes, conservation of land or 
other resources, floodways, historic or sce-
nic purposes, or assisting in the shaping of 
the character, direction, and timing of com-
munity development or for the public inter-
est..." 

The "conservation of land or other resources" pro-
vision would appear to include wellhead areas. This 
provision would make keeping large areas of land 
undeveloped or in less intensive uses more afford-
able to the landowner, and thus may provide an 
additional incentive for owners of property in a well-
head area to voluntarily do so. 

Water Conservation. Water conservation can 
help a community to protect its water supply by re-
ducing the total quantity of water withdrawn from 
aquifers. This reduces the zone of contribution at  

the surface and thus reduces the area of wellhead 
vulnerability. Reduced intake also protects against 
contamination from saltwater intrusion. 

Implementing a water conservation effort re-
quires educating the public, elected officials, and 
the media in order to garner interest and support. 
Citizens could be encouraged to join voluntary con-
servation efforts in order to prevent mandatory re-
quirements later. 

Hazardous Waste Collection. Household 
wastes contain materials that are a potential source 
of contamination for water wells. These include: 

• Pesticides and herbicides 
• Cleaning chemicals 
• Batteries 
• Pool chemicals 
• Septic system chemicals 
• Paints and art supplies 
• Motor oil 

These waste materials often go unrecognized by 
the household and are disposed of in regular trash 
pickups, in local landfills, onto the ground, or into 
sewers or septic systems. They may then get into 
local ground water aquifers posing a serious threat 
to drinking supplies. 

Periodic hazardous waste collection days is a 
way to alleviate the threat of contamination from 
household sources. A locality could receive wastes 
at an announced central location and dispose of 
them through a licensed hazardous waste disposal 
firm. Interested groups and individuals can help in 
publicizing such events. Informing the community 
members of the importance of keeping hazardous 
waste out of their water supply and encouraging the 
people to get involved will help increase the aware-
ness of ground water issues and reduce the poten-
tial for contamination of aquifers. 

Best Management Practices. Voluntary ef-
forts by private citizens and organizations can play 
a significant role in preventing groundwater con-
tamination. Implementing Best Makagement Prac-
tices (BMPs) which reflect a concern about and com-
mitment to ground water protection can help reduce 
threats posed by agricultural and industrial uses as 
well as others. 

BMPs are practical design and operational 
standards that can prevent degredation of ground 
water while considering economic factors, technical 
feasibility, ease of implementation, and environ-
mental effects. These standards can apply to sched-
ules of activities, restrictions of practices, mainte-
nance procedures, application and use of 
chemicals, and other activities which reduce the 
threat of contamination. 

The following list provides examples of some 
BMPs which could be adopted by agricultural or 
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industrial operations in the vicinity of public wells: 

• Determine the susceptibility of the ground water in the 
area of the well by knowing the soil type, depth to 
bedrock, type of bedrock, depth to water table, and 
characteristics of surface deposits. This type of infor-
mation can be obtained from the Soil Conservation 
Service county soil surveys, where available. 

• Carefully read and follow the directions on chemical 
labels which refer to water supplies. 

• Mix and store chemicals in a safe place outside the 
wellhead protection area and as far away from wells 
as possible. 

• Be especially careful to properly calibrate mixing and 
application equipment when wells are nearby. 

• Allow a safe buffer zone between the application area 
and any water supply wells. 

• Properly dispose of chemical containers outside the 
wellhead protection area. 

• Keep especially detailed and accurate records, in-
cluding all material safety data sheets. 

• Develop an alternate water supply plan to implement 
in case of emergencies that could contaminate a well. 

• Follow up immediately to remedy any problems oc-
curring near water supply wells and report the situ-
ation to the well owner. 

Local governments, Soil and Water Conserva-
tion Districts and Soil Conservation Service field of-
fices, as well as extension agents, can help to inform 
the public about the importance of BMPs and about 
tax or other cost-share incentives to encourage their 
implementation. 

Cost Share/Matching Funds. As an incentive 
to implement practices advocated through outreach 
and education, seed money/cost share/matching 
funds can make a difference in the degree to which 
deserved practices are adopted. Since many public 
wells are small investor owned, financial encour-
agement to take steps to acquire additional land 
around a wellhead or to assist low income tenants 
to replace old underground oil tanks or septic tanks, 
might provide the necessary stimulus to desired ac-
tion. In agricultural areas, working with county ex-
tension agents to fund a Farm-A-Syst Program to 
protect farm wells could make an important differ-
ence in the rate of adoption of various voluntary 
programs in the agricultural sector. 

Public Education. Last but not least is public 
education. Perhaps the biggest impediment to more 
adequate ground water protection is a general lack  

of public awareness. Chapter 3 outlined a number 
of steps that a locality could follow in assessing its 
situation and potential vulnerability. The results of 
these studies need to be communicated to the pub-
lic. Chapter 1 provided a self-assessment question-
naire for community leaders which can help such 
people realize just how much or how little they know. 

Localities will have a much better chance to suc-
ceed in a wellhead protection program if the com-
munity supports the regulatory programs being im-
plemented as well as takes part in voluntary 
protection efforts. Innovative public education pro-
grams on ground water topics can be used to de-
velop interest and backing. Some approaches 
which could be taken include press releases and 
conferences, newsletters, and presentations to local 
schools and community organizations. The content 
of the materials will depend on local conditions and 
the audience, but should focus on the role of ground 
water in meeting community needs, methods for 
preventing ground water contamination, and what 
individual residents, property owners, and business 
managers can do to contribute to the community 
need. 

To assure that someone takes responsibility for 
public education and outreach in behalf of wellhead 
protection, localities may want to consider desig-
nating one staff member as that locality's "Well-
head Protection Officer". That way, all questions 
can come to a single person who can take the lead 
on promoting the program in a variety of ways in-
cluding visiting with landowners in the protection 
areas. 

• • • • • • 

These are examples of tools which local gov-
ernments in Virginia can consider as part of a local 
wellhead protection program. These examples do 
not exhaust the possibilities, however. Localities 
should innovate and experiment with various ap-
proaches and then share the results of their expe-
rience with others. In the future, the Virginia Ground 
Water Protection Steering Committee expects to de-
velop a series of case studies about the efforts of 
several Virginia localities. 
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Chapter 5 

CHOOSING AMONG DELINEATION METHODS 

Along with choosing the most acceptable plan-
ning, regulatory, or voluntary approaches, a locality 
must also make decisions about the area to be pro-
tected, the area to be called the "wellhead protec-
tion area." A variety of factors enter into such de-
cisions but ultimately they are a matter of policy 
choice. While there is a wealth of technical writing 
about the topic of delineating zones of contribution, 
it is a policy choice whether a locality feels it desir-
able, or even feasible, to protect that whole area or 
only its central portion, and to what degree and how. 

This chapter will explain several of the methods 
available for delineating the wellhead protection 
area. Advantages and disadvantages of each delin-
eation method will be discussed with the intent of 
helping localities choose which would be the most 
appropriate for their situation. For those who have 
been following the steps outlined in Chapter 3, a 
1/2 mile fixed radius study area was delineated. 
What are the advantages and disadvantages of such 
a fixed radius and what are the alternatives? 

Balancing Policy and Technical 
Considerations 

Many localities who are considering wellhead 
protection for the first time will place priority on get-
ting started more than on technical refinements. 
Once a start is made and some experience is gained, 
they may, at a later date, refine the protection areas. 
Their logic might be that it is better to get some tools 
in place in the immediate vicinity of the well than to 
delay while refinements to the outer boundary of the 
zone are more precisely studied. Smaller commu-
nities with less technical staff or financial resources 
will also favor some of the more basic approaches. 
All communities regardless of size, should adopt the 
attitude that when better data and methods become 
available, the boundaries of the protection area will 
be adjusted to reflect the new information. 

A related and important consideration for a lo-
cality is the ease with which the delineation meth-
odology can be used and understood. While some 
methods are relatively straightforward and simple to 
apply, others can be quite technically complex. The 
easiest methods can be implemented without tech-
nical hydrologic training because they place rela-
tively little emphasis on hydrogeologic properties as-
sociated with each well. Other methods, however, 
are dependent on a full understanding of hydro-
geologic properties and using these methods may 
require a staff member with a strong scientific back- 

ground or a consultant. Technical sophistication 
translates fairly directly into costs, of course. 

The ability of a delineation method to incorpo-
rate different hydrogeologic settings and physical 
processes has another important side in addition to 
costs - that is, defensibility. The more restrictive the 
regulation, the more substantial must be the relation 
between the objective of protecting the public drink-
ing water and the area delineated. All zoning deci-
sions, of course, need to be defensible in certain 
ways (e.g., they are for a legitimate purpose, the 
means bear a relation to the ends, etc.). No calcu-
lation, however, can determine a zoning policy or 
boundary. How often, for instance, can a strictly 
technical basis be provided for a height limit of 35 
feet (why not 36?), or a density of 10 units per acre 
(why not 9 or 11?) or 100 acres set aside for industry 
(rather than 90 or 110?)? The point is that all zoning 
decision are "judgement calls" within some limits. 
To the extent that a community has the ability to use 
some of the more complex methods discussed be-
low, they can better back up their judgement. All of 
the methods discussed below, however, are ac-
cepted methods and have been succesfully used. All 
are, in varying degrees, defensible and none is more 
than an estimate. 

Each of the delineation methods to be described 
in the following pages has its inherent strengths and 
weaknesses. They range from simple, inexpensive 
methods to quite complex and costly ones. More 
than one method can be used to delineate alterna-
tive protection areas for a single well or wellfield. In 
fact, comparative studies of different methods have 
shown that methods can diverge quite significantly 
in their estimates of the shape and extent of outer 
boundaries. It is important to point out, though, that 
near the well, all methods tend to overlap to a sig-
nificant degree. 

Available Methods: Their Advantages 
and Disadvantages 

For more detailed assessments and technical 
guidance on any of these methods, the reader 
should consult the U.S. EPA manual Guidelines for 
Delineation of Wellhead Protection Areas. 

Fixed Radius. Delineation of a wellhead pro-
tection area using the fixed radius method involves 
drawing a circle of a specified radius around a well 
which is to be protected. The length of the radius in 
this approach will not necessarily have a specific hy- 
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drologic or scientific basis and thus it is not known 
how accurately the area corresponds to the actual 
zone of contribution. It could, however, be based on 
generalized hydrogeological considerations and 
professional judgement, or some average of the dis-
tances associated with adopted zones for similar hy-
drogeologic settings in other jurisdictions. The U.S. 
EPA suggests a minimum radius of 2 miles as an in-
itial guideline for wellhead protection areas, al-
though many existing programs in other states use 
shorter radii. For instance, Rhode Island uses 1,750 
feet for small wells. Arkansas uses 1,000 feet, while 
Vermont uses as little as 200 feet. In Chapter 3, a 
study area of 1/2 mile or 2,640 feet was suggested 
as a starting point that could be modified based on 
observed conditions. 

Figure 19 

USING THE FIXED RADIUS METHOD 

Source: Guidelines for Delineation of Wellhead 
Protection Areas 

The fixed radius method is an easy technique for 
a locality beginning their first wellhead protection ef-
forts. It is inexpensive, and requires relatively little 
technical expertise. However, due to the lack of spe-
cific scientific basis for the delineated area, this 
method can over-protect or under-protect actual 
well contribution areas. This could add to overall 
costs by controlling land use in areas that aren't 
needed if the radius is excessively large. Conversely, 
portions of areas of contribution that should be pro-
tected may lie outside of the fixed radius if it is kept 
too small. 

When using a fixed radius some policy analysts 
suggest using a conservatively large area which 
could later be refined, and possibly reduced, if a 
more scientific method is later adopted. A locality 
could also choose to start with a small radius in order 
to put some primary measures of protection in place 
in the area closest to the well and once the program 
gained acceptance in the community and more data 
were available, a larger protection area could be de-
lineated. For communities starting out, this later ap-
proach may prove most acceptable. This would also 
lessen the likelihood of challenge wheras a large 
fixed radius would raise more issues and potential 
challenges. 

Calculated Radius. The calculated radius 
methods are also used to delineate a circular well-
head protection zone around a well, but the radius 
is computed using one of several formulas. The input 
data required by the radius equations include the 
pumping rate of the well and hydrogeologic param-
eters such as porosity and hydraulic conductivity of 
the surrounding area. Thus, a calculated radius for 
a protection area may change as the variables in the 
equations are changed to reflect conditions in the 
hydrologic system. Three different methods are 
commonly used for calculating the radius: the ra-
dius-of-influence, rate-of-recharge, and volumetric 
methods. 

The radius-of-influence method can be used to 
delineate the area around a well where a specified 
drawdown could be expected to occur. The draw-
down criterion defines a zone in terms of the degree 
to which the normal, unaffected water table (for un-
confined aquifers) or potentiometric surface (for 
confined aquifers) is lowered or drawn down as a 
result of the water withdrawals in an area. In other 
words, the formula calculates how far away from the 
well you would expect to find the water table lowered 
by 15 feet, 10 feet, 5 feet or 0 feet, etc. The no draw-
down point would be the estimate of the extent of the 
zone of influence. 

The rate-of-recharge method is applicable to 
unconfined aquifers and is based on the assumption 
that all water pumped from a well comes from a di-
rect natural recharge. The radius for the wellhead 
protection zone is computed using the rates of pum-
page and recharge, and the delineated area will 
correspond to a zone of contribution necessary to 
recharge the well. 

Volumetric formulas for delineating wellhead 
protection areas are based on the volume of water 
that will be drawn into a well in a specified period of 
time. This period of time is known as the time-of-
travel and represents the amount of time it would 
take a contaminant discharged to the land surface 
to reach the well. The time required would be af-
fected not only by the distance to the well but also by 
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Figure 20 

USING THE CALCULATED RADIUS METHOD BASED ON DRAWDOWN 
CONTOURS 

Source: Guidelines for Delineation of Wellhead Protection Areas 
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Figure 21 

USING THE CALCULATED RADIUS METHOD BASED ON ZONES OF 
TRANSPORT 

Source: Description and Evaluation of Selected Methods Used to Delineate Wellhead Protection Areas Around Public-Supply 
Wells Near Mt. Hope, Kansas 

NOT TO SCALE 
(B) PLAN VIEW 

EXPLANATION 

	 ZONE OF CONTRIBUTION (ZOC) 

El ZONE OF INFLUENCE (Z01) 

—ZOT (10)— LIMIT OF TRANSPORT--Number in parentheses 
is time of travel, in years 

	 DIRECTION OF GROUND-WATER FLOW 

Figure 1. Zones of contribution, influence, and transport under sloping water-table conditions. 

Selected Methods Used to Delineate Weiihead•Protection Areas Around Public-Supply Wells, Mt. Hope, Kansas 
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the increase in hydraulic gradient near the well. The 
volumetric method allows for wellhead protection 
areas of different sizes, depending on the length of 
the time-of-travel factor. The resulting areas corre-
spond to the zones of transport, the parts of the zone 
of contribution from which water would flow to the 
well during a particular time-of-travel. Times used 
by various communities range from a number of 
days to 20 years. Choosing the travel time is a matter 
of policy and could reflect a judgement call about 
the length of warning time a community would need 
in order to provide a replacement water supply or to 
install treatment equipment in the event that there 
was a known accident. 

Calculated radii methods are relatively easy to 
apply and inexpensive, but do require some expe-
rience and comfort with equations. They do require  

more commitment than the fixed radius method be-
cause time may be involved in developing the data 
or assumptions to define the parameters used in the 
equation. Information needed for the volumetric 
method is more easily obtained than for the other 
calculated radius methods. Determining the values 
for the radius-of-influence and the rate-of-recharge 
equations can require some hydrologic training. 
However, all of the calculated radius methods offer 
a significant increase in accuracy over the fixed ra-
dius method, and have the abilityto reflect some var-
iability in actual conditions. 

Simplified Variable Shapes. The simplified 
variable shapes method utilizes a set of standardized 
prototype shapes for the wellhead protection area 
which are based on pilot studies using an analytical 
model to delineate zones of transport for the types 

Figure 22 

USING THE SIMPLIFIED VARIABLE SHAPES METHOD 

Source: Guidelines for Delineation of Wellhead Protection Areas 

STEP 1: DELINEATE STANDARDIZED FORMS FOR CERTAIN AQUIFER TYPE 

.Various standardized forms are generated 
using analytical equations using sets of 
representative hydrogeologic parameters, 
•Upgradient extent of WHPA is calculated 
with TOT equation; downgradient with 
uniform flow equation. 

STEP 2: APPLY STANDARDIZED FORM TO WELLHEAD IN AQUIFER TYPE 

-Standardized form is then applied to 
well with similar pumping rate and 
hydrogeologic parameters. 
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Direction of Ground-water Flow 
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of well and aquifer systems found in the region. The 
model to develop the standard forms might be 
based primarily on the time-of-travel factor, as well 
as on information for each aquifer in the region. The 
delineated zones are grouped by sets of well and 
aquifer properties and then generalized into groups 
of simplified shapes. 

Using these established forms can simplify im-
plementation for local officials. The appropriate 
form can be selected based on the pumping con-
ditions found at the particular well and the general 
hydrogeologic properties of the aquifer it pene-
trates. The form is then oriented around the well ac-
cording to the location of the well and estimated 
ground water flow patterns. The wellhead protection 
area is delineated by applying the prototype shape. 

Costs of initially developing the standardized 
forms for a state or locality can vary from low to 
moderate, depending on how much data collection 
is required in order to obtain the representative set 
of hydrogeologic parameters needed to calculate 
the shapes. Once the standardized shapes have 
been calculated, however, the simplified variable 
shapes method requires a relatively small amount of 
field data and can be easily implemented. The only 
information required to apply the shapes to a par-
ticular well are the well pumping rate, material type, 
and the estimated direction of ground water flow. 
This method offers a more refined analysis than 
either of the radius methods, with only a modest in-
crease in cost if these are spread across a large num-
ber of wells. 

Currently, no standardized shapes have been 
developed for regions in Virginia. In the mean time, 
localities intending to delineate numerous wellhead 
protection areas in their jurisdiction may find it pos-
sible to develop their own simplified forms. After de-
lineating a few areas using another scientific 
method, a locality can extrapolate their delineated 
shapes to be applied to other wellheads in their re-
gion. 

Analytical Models. Equations which define 
ground water flow and contaminant transport are 
the basis of analytical methods used to delineate 
wellhead protection areas. The uniform flow model, 
for example, requires the input of various hydrogeo-
logic parameters to define the zone of contribution 
to a pumping well in a sloping water table. Some 
other models are based on time-of-travel and cal-
culate the motion of particles in order to delineate a 
wellhead protection area that is similar in size, 
shape, and location to the zone of transport. 

Most analytical methods use equations that are 
understood and familiar to most hydrogeologists 
and civil engineers, although computer-assisted 
models also exist and are very useful. The costs of 
using these models are relatively low, but imple- 

mentation costs can be high if site-specific hydro-
geologic data must be developed for each wellhead 
protection area. 

Hydrogeologic Mapping. Designation of 
protection areas can be based on mapping as an 
alternative to the various mathematical techniques 
discussed above. In hydrogeologic mappings, flow 
boundaries, including ridges, rivers, canals, and 
lakes, can be mapped and used to delineate well-
head protection areas. Aquifer and ground water 
drainage divides are examples of subsurface 
boundaries which can be defined by changes in 
permeability within an aquifer or variations in the 
character of the underlying rock. 

There are many techniques involved in the proc-
ess of hydrogeologic mapping. Geological obser-
vations may provide surface indications of changes 
in rock type, while geophysical data can be used to 
map the surface area or thickness of unconfined 
aquifers. Topographic analysis and mapping of 
ground water levels may also be included in order 
to identify drainage divides. 

Hydrogeologic mapping is best suited to settings 
dominated by near-surface flow boundaries, but is 
less useful for delineating wellhead protection areas 
in large or deep aquifers. Mapping is sometimes the 
method of choice in karst terrain, for instance. This 
method requires specialized expertise in geologic 
and geomorphic mapping, and costs can be varia-
ble depending on availability of existing information 
and the type of techniques used. In general, geo-
physical techniques are the most costly, followed by 
mapping of geologic contacts, regional water level 
mapping, and basin delineation using topographic 
mapping. Costs may increase if test holes or pump 
tests are necessary to confirm the mapping. 

Numerical Flow and Transport Models. A 
wide variety of numerical computer models that ap-
proximate ground water flow and/or solute trans-
port can be used to delineate wellhead protection 
areas, and are especially useful 'where boundary 
and hydrogeologic conditions are complex. Input 
data may include such hydrogeologic parameters as 
permeability, porosity, saturated thickness, re-
charge rates, and the locations of hydrogeologic 
boundaries. Drawdown, flow boundaries, time-of-
travel, and other delineation criteria can also be 
mapped using numerical methods. 

Numerical flow and transport models can pro-
vide a high degree of accuracy, can be applied to 
many hydrogeologic settings, and can predict 
changes in the designated areas as a result of nat-
ural or man-made effects. Costs for this method are 
relatively higher than for others, though, because 
considerable technical expertise in hydrogeology 
and modeling is required for its use. However, the 
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USING THE HYDROGEOLOGIC MAPPING METHOD 

Source: Guidelines for Delineation of Wellhead Protection Areas 
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cost may be warranted in areas where a high degree 
of accuracy is desired. 

• • • • • 

To sum up this discussion of delineation meth-
ods, the following points should be made: 

• The fixed radius, or some of the other less 
technical methods, may be most appropri-
ate for communities beginning wellhead 
protection. 

• Whatever the method chosen, the attitude 
should be that when better data or methods 
become available, the boundaries of the 
protection area will be modified. 

• Several pilot study communities in Virginia 
are now experimenting with different delin-
eation methods and the results of these as 
well as a variety of publications, will be 
available next year from the Virginia 
Ground Water Protection Steering Com-
mittee. 
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Figure 24 

VIRGINIA COMMUNITIES BEGIN WELLHEAD PROTECTION 

The Virginia State Water Control Board and two local governments in Virginia are coordinating pilot 
wellhead protection projects to be completed by the end of 1992. These projects, undertaken in Roanoke 
and Henrico County, are intended to increase public awareness of wellhead protection issues, evaluate 
approaches to delineating wellhead protection areas, and examine various protection strategies and pol-
icies for implementation. A report on the results of the pilot studies will be issued by the Virginia Ground 
Water Protection Steering Committee after the completion of the studies. The findings could be of great use 
to other localities in Virginia. 

Roanoke County has selected three wells for their wellhead protection pilot study which are vital com-
ponents of the county's water distribution system. The goal of their wellhead protection project is to develop 
wellhead protection overlay districts for these three wells. The fixed radius method will be used initially to 
delineate the protection area, with primary and secondary protection zones moving outward from the well. 
This delineation method was selected because of limits in available data and limited technical expertise of 
the county staff. The radius lengths will be based on observations about land use patterns and the relative 
importance of the wells rather than a pre-set figure. 

Once areas are delineated, Roanoke's initial wellhead study areas will be overlain onto a map depicting 
land use information. This baseline data will be presented to county officials and the public. Brochures will 
also be developed to educate the county about wellhead protection and about the ongoing efforts. A draft 
wellhead protection ordinance will be prepared and presented to county officials for action, and will be 
implemented if approved by the Planning Commission and Board of Supervisors. 

There are 30 to 40 wells in Henrico County that are classified as public water supplies. These supply 
water to individual subdivisions, to county park and recreation facilities, and twelve deep wells pump directly 
into the county distribution system. Delineation of wellhead protection areas is being undertaken in Hen-
rico's pilot project through the use of a package of mathematical models distributed by the U.S. EPA. This 
package, known as the WHPA code, consists of four independent mathematical models, three of which are 
semi-analytical and one which is also numerical. These models are able to delineate pathlines and/or time-
related zones of transport. As part of this study, the county will collect the available data and will then 
delineate areas around those wells for which the necessary information exists. 

Henrico County also intends to examine their zoning maps and planning documents to assess the risks 
posed to the wells by the existing land uses. The areas with potentially contaminating land uses will be 
surveyed and examined in more detail. The planning staff will determine the most appropriate method of 
protection for the wellhead areas, and will develop informational brochures for public education. 

While the above two counties obtained state funding to implement wellhead protection measures, Bo-
tetourt County received a direct federal grant from the U.S. EPA. In the fall of 1991, Botetourt applied to 
EPA Region 3 for a grant under the Safe Drinking Water Act in order to study the Town of Fincastle's two 
wells. They used the grant funding to hire a hydrogeologist to delineate wellhead protection areas around 
the wells. The areas were delineated by a 500 foot radius in combination with the aquifer recharge zone 
branching out from the well. 

No changes to the existing zoning ordinances are anticipated by Botetourt County, but rather the well-
head study will be used to guide future zoning changes and other development decisions. If a landowner 
within the wellhead protection area wishes to obtain various permits or requests a rezoning, appropriate 
recommendations will be made by the planning staff to the Planning Commission and the Board of Su-
pervisors based on the results of the wellhead study. While uses may not be disallowed, certain conditions 
may be requested or the implementation of Best Management Practices (for agricultural uses) may be sug-
gested. If additional staffing and funding became available, Botetourt County would eventually like to begin 
an educational program to inform landowners in the wellhead protection areas of voluntary measures they 
can undertake to aid in the protection of their water supply. 
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Chapter 6 

THE DECISION-MAKING PROCESS 

When a community has gone through the proc-
ess outlined in this Handbook and has completed 
the steps described in Chapter 3, it will be in a much 
stronger position to respond positively that it: 

• is informed about the number and location 
of public wells in the community. 

• is aware, not only of wells owned by the 
municipality, but also those owned by 
investors and others. 

• knows who is served by each well - resi-
dences, businesses, industry. 

• has contingency plans on the shelf in the 
event that any of these wells needs to be 
taken off line. 

• monitors these public wells and has en-
countered no water quality problems. 

• has developed controls to guide potentially 
polluting activities to locations outside well-
head protection areas. 

• is working with activities already located in 
wellhead protection areas to assure that 
their operations are conducted according 
to safe guidelines. 

• has modified its comprehensive plan and 
zoning to establish goals for and means of 
wellhead protection. 

• has included the Planning Commission and 
other groups in the wellhead protection 
process and feels confident that the com-
munity at large is becoming more knowl-
edgable about the ground water supplying 
its public wells. 

• now has confidence that the community 
water supply will continue to be an asset to 
serve existing residents and activities as well 
as those who might move to the community 
in the future. 

Despite the considerable attractiveness of want-
ing to be able to respond with statements like those 
above, a community may still find that it has several 
hurdles remaining before it can begin and effec-
tively carry out a program of wellhead protection. 
To get beyond the hurdles the following advice is 
offered. 

Start Small 
If it seems too much to undertake wellhead pro-

tection for 30 or 40 or more wells, concentrate on 
only the three or four wells that are most vital to the 
community. Adopt a multiple year work plan that 
would take care of the rest of the wells over several 
years. This will ease the workload burden and focus 
attention on the most vital wells where community 
support for wellhead protection might be strongest. 
You can later use the success of the program for 
these initial wells as a selling point for a more in-
clusive program. If the local government does not 
have staff that can take on the studies or develop 
alternative protection strategies, assistance could be 
sought from the Planning District Commission. In-
volving the PDC has the added advantage of en-
abling issues to be addressed that might involve 
several localities within the region. Perhaps a pool-
ing of efforts would allow economies of scale and 
sharing of study and management costs as well. 

Pull Together a Management Team 
It may be useful to assemble two groups to ap-

proach the development and implementation of a 
wellhead protection program, a management team 
and a technical advisory group. Planning staff hav-
ing experience with land management tools will 
know best which management and administrative 
techniques are most suited for the local program. 
They will also be able to set realistic goals and their 
knowledge will aid in developing enforcement and 
oversight methods. The management team might 
also include staff from the utility department, public 
works, finance or the county extension agent. 

A technical advisory group can also help 
strengthen personnel resources by guiding the proc-
ess through technical issues concerning hydrogeo-
logical information gathering and evaluation, and 
by helping to develop appropriate protection stand-
ards. Local resource people might be found at uni-
versities or community colleges or they might be 
residents with professional training and experience 
who are employed in business or industry. 

The knowledge of local staff can be increased 
by sending people to training workshops and con-
ferences about ground water and wellhead protec-
tion and by purchasing books and materials on the 
topic. 
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The jobs of the management team and the tech-
nical team would be to oversee the fledging well-
head protection program to make sure that it gets 
off to a good start. 

Communicate Often and Widely 

Successful communication with and involvement 
of the local community is essential to an effective 
wellhead protection program. Public awareness 
and understanding of the program can be in-
creased by providing people who might be regu-
lated by the program, as well as people who might 
participate in monitoring and enforcement, with 
clear and concise material on their responsibilities 
and on the rationale for the program. Education 
and publicity techniques, such as community meet-
ings, mailings, newspaper articles, and advertise-
ments, can be used to both inform the public and 
to build support. Contact with the public throughout 
the decision making process will provide an op-
portunity to answer questions and to respond to 
complaints or requests. Communication could be a 
function assigned the management team. This way 
a single source is giving out information and builds 
confidence through competence and consistency. 
Communication between the locality and other lo-
calities in the area and the PDC can also foster more 
effective regional coordination. 

Check How You Are Doing 

An essential step in the process of creating a 
successful new program is to ensure that monitoring 
is performed and evaluated on a regular basis. 
Ground water monitoring at public wells serves as 
an important feedback mechanism, aids in pro-
gram evaluation and refinement, and provides 
early warning of problems such as contamination, 
saltwater intrusion, or declining water levels. The 
management team should receive such information 
regularly. 

An active oversight program will also ensure that 
the resources invested in wellhead protection are 
used efficiently. Establishing any new program 
means changing some old habits. Building permit 
staff need to be alerted to any new wellhead re-
quirements and various land users need to be in-
formed and educated. Keeping an eye open for 
problems and for opportunities to educate is crucial 
with a new program. 

Don't Be Afraid to Ask 

Once a locality has looked into the process of 
developing a wellhead protection program, there 
are several places to turn to if a stumbling block is 
reached. State and federal agencies, as well as local 
sources, can often provide useful guidance. 

The Virginia Water Control Board keeps a li-
brary of reference documents available for use by 
localities learning about wellhead protection. These 
include the materials listed in Chapter 7 in addition 
to other useful information. Technical questions re-
garding wellhead area delineation can also be dis-
cussed with the Virginia Water Control Board. Con-
tact Terry Wagner for information at (804)-527-
5203. 

Data on the locations of public wells in the state 
are kept by the Virginia Department of Health. In 
cases where wells have been constructed during the 
past ten years, data on pump tests and other useful 
information is also available about each public well. 
This data can be obtained through Alan Hammer 
in the Office of Water Programs at (804)-786-5566 
or by contacting the field office in the region where 
your jurisdiction is located. 

Topographic maps, aerial photographs and 
geologic information are also very helpful when lo-
cating and assessing community wells. The Virginia 
Department of Mines, Minerals, and Energy's Di-
vision of Mineral Resources has these resources 
available for purchase and can be reached at 
(804)-293-5121. The Earth Science Information 
Center of the United States Geological Survey, 
(703)-648-6044, also sells these resources. 

The United States Environmental Protection 
Agency has published a substantial amount of ma-
terial about wellhead protection, much of which is 
available through the Virginia Water Control Board. 
Information about these documents, insight on the 
wellhead protection efforts being undertaken in this 
region (Region III), and some technical assistance 
can be obtained by calling Virginia Thompson at 
their Office of Ground Water Management at 
(215)-597-2786. 

Local sources can also help provide background 
information on what is being done in Virginia. Lo-
calities with experience in wellhead protection, such 
as Clarke, Henrico, Roanoke, and Botetourt can be 
contacted for valuable suggestions. In addition, sev-
eral Planning District Commissions have also begun 
to be involved with ground water issues, including 
Accomack-Northampton, Lord Fairfax, and 
Thomas Jefferson. 

Spend a Little, Save a Lot! 

Wellhead protection need not be an expensive 
program if it is thought of as part of the planning 
and zoning budget of the locality. Suggestions were 
made in Chapter 3 about how various groups might 
contribute time to conducting the field surveys. In 
some states, such as Florida, where wellhead pro-
tection is a major program, a special purpose staff 
is dedicated to the program and supported by water 
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customer user charges. The program is substantially 
self-supporting. Other ways to finance local pro-
grams are discussed in a Technical Assistance Doc-
ument published by EPA titled Local Financing For 
Wellhead Protection (see Chapter 7). 

Nonetheless, it may be that some additional fi-
nancial support is necessary. In that case, it can be 
reported that several state agencies receive federal 
funds which can be used for ground water protec-
tion purposes, some of which can go to PDCs and/ 
or to local governments. Many of these funds are 
limited in amount and require local matching 
money. They can sometimes support planning and 
development of new ground water protection ap-
proaches as seed money though generally they can-
not support on-going operational costs. The best 
advice would be to contact the agency in question 
and inquire about the availability of any funding for 
the purpose you have in mind. 

Virginia Agency 
	

Grant Type 

VA Water Control Board 
	

Clean Water Act: 
Sections 106 and 205J/604B 

VA Department of 
	

Clean Water Act: 
Conservation and 
	

Section 319 
Recreation 

Chesapeake Bay Local 
	

Planning Assistance Grants 
Assistance Department 

Housing and Community 
	

Community Development 
Development 
	

Block Grants 

Council on the Environment 
	

Coastal Zone Management 
Act Funds 

• • • • • • 

At this point it is hoped that enough has been 
described and explained that local governments in 
Virginia will begin to see wellhead protection as an 
idea whose time has come. 
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Chapter 7 

REFERENCE MATERIALS 

The documents mentioned in this Handbook, 
plus some others, provide more detailed informa-
tion on certain aspects of wellhead protection. In-
formation on obtaining the following materials is 
available to localities by calling Mary Ann Sykes at 
the Virginia Water Control Board at (804)-527-
5201: 

• Capital Improvement Programming: A How-To 
Manual for Virginia's Local Governments; VA 
Dept. of Housing and Community Develop-
ment, Office of Local Development Programs, 
January 1986. 

• Description and Evaluation of Selected Meth-
ods Used to Delineate Wellhead-Protection 
Areas Around Public-Supply Wells Near Mt. 
Hope, Kansas; U.S. EPA and U.S.G.S. 1991. 

• A Groundwater Primer for Virginians; Torsten 
D. Sponenberg and Jacob H. Kahn, Virginia 
Polytechnic Institute and State University, Vir-
ginia Water Resources Research Center, 1984. 

• A Groundwater Protection Strategy for Virginia; 
Virginia Ground Water Protection Steering 
Committee, May 1987. 

• Guide for Conducting Contaminant Source In-
ventories for Public Drinking Water Supplies 
(Technical Assistance Document); U.S. EPA Of-
fice of Water, December 1991. 

• Guide to Ground Water Supply Contingency 
Planning for Local and State Governments 
(Technical Assistance Document); U.S. EPA Of-
fice of Water, May 1990. 

• Guidelines for Delineation of Wellhead Protec-
tion Areas; U.S. EPA Office of Ground Water 
Protection, June 1987. 

• Local Financing for Wellhead Protection; U.S. 
EPA Office of Water, June 1987. 

• Local Assistance Manual; Chesapeake Bay Lo-
cal Assistance Department, November 1989. 

• Model Assessment for Delineating Wellhead 
Protection Areas; U.S. EPA Office of Ground 
Water Protection, May 1988. 

• Protecting Ground Water From the Bottom Up: 
Local Responses to We//head Protections (Con-
ference Proceedings); U.S. EPA Region I, Oc-
tober 1989. 

• Protecting Local Ground Water Supplies 
Through Wellhead Protection; U.S. EPA Office 
of Water, May 1991. 

• Protecting Virginia's Ground Water: A Hand-
book for Local Government Officials; Margaret 
Hrezo and Pat Nickerson, Virginia Water Re-
sources Research Center, 1986. 

• The Protection of Groundwater Resources: Ac-
tion at the Local Level; Waldon R. Kerns, Vir-
ginia Cooperative Extension, 1990. 

• Report of the Ad Hoc We//head Protection Ad-
visory Committee; June 1991. 

• A Review of Sources of Ground Water Contam-
ination From Light Industry (Technical Assist-
ance Document); U.S. EPA, May 1990. 

• Threats to Virginia's Groundwater; Diana L. 
Weigman and Carolyn J. Kroehler, Virginia Po-
lytechnic Institute and State University, Virginia 
Water Resources Research Center. 

• Urban Land Use Planning; F. Stuart Chapin, Jr., 
and Edward S. Faiser, Third Edition, University 
of Illinois Press, 1979. 

• Wellhead Protection Programs: Tools for Gov-
ernment (Proceedings of Workshop on Man-
agement Options for Wellhead Protection 
Area); U.S. EPA Office of Ground Water and 
Drinking Water, June 1991. 

• Wellhead Protection Programs: Tools for Local 
Governments; U.S. EPA Office of Water, April 
1989. 

In addition, the following books serve as basic 
reference materials on ground water and hydro-
geology and are available through the publishers 
or through libraries around the state. 

• Applied Hydrogeology; C. W. Fetter, Jr., 
Charles E. Merrill Publishing Company. 
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• Basic Ground-Water Hydrology; Ralph C. 
Heath, U.S. Geological Survey Water Supply 
Paper 2220. 

• Groundwater; R. Allan Freeze and John A. 
Cherry, Prentice-Hall, Inc., Englewood Cliffs, 
New Jersey. 

In addition, a large variety of computer soft- 

ware packages are available with wellhead protec-
tion applications. One example is:- 

• WHPA: A Modular Semi-Analytical Model for 
the Delineation of Wellhead Protection Areas; 
T. Neil Blandford, Peter S. Huyak, Hydrogeo-
logic, Inc., Herndon, VA; Report prepared for 
U.S. EPA Office of Ground Water Protection, 
September 1990. 
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