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Development pressures in Florida place a strong demand on land.  Land 

designated as wellfield protection zones is also under pressure from development 

despite knowledge of the hazards urbanization and undesirable land uses pose to 

groundwater resources.  This study compares wellfield policy between Gainesville, 

Florida and Zwolle, The Netherlands.  The objectives of this study is to understand 

government agency relationships and their relative success, assess the adequacy of 

policies that regulate activities within wellfield protection zones, and determine the 

strengths and weaknesses of each case studies’ policies and their implications.   

This is done using two methodologies.  The first is the review of planning 

documents including comprehensive plans, land development regulations, and visioning 

documents to find wellfield policy regulations.  Second, interviews and surveys were 

done with water resource planners to get a local perspective on policy completeness 

and effectiveness.   

Policy analysis in Florida revealed that several loopholes exist that allow 

development to occur in the wellfield protection zones.  The state and local 

 10



 

comprehensive plans for Alachua County and the City of Gainesville mandate tough 

restrictions for these zones yet are not translated into the land development regulations 

of either County or City.  Future land use maps determine the future spatial 

arrangement of land uses yet protective zoning measures can be changed through a 

commission vote.  The implication of the vertical and horizontal planning structure 

suggests that without tougher restrictive measures without loopholes, groundwater 

resources will eventually become contaminated.
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CHAPTER 1 
INTRODUCTION 

 
Florida has been growing rapidly for the last several decades.  With this growth 

come the demands for space and resources necessary for living.  One vital resource is 

drinking water.  Water is a resource needed for growth; however even the slightest 

growth affects its natural cycle. Not only does growth affect recharge areas that would 

naturally replenish the aquifers, but so do natural weather cycles.  Different regions of 

Florida have been dealing with these water replenishment issues by limiting irrigation, 

encouraging Florida friendly landscapes, rain water collection, and other programs to 

increase conservation. 

Specified wellfield zones are set aside to provide municipalities and other drinking 

water providers with protection from potentially hazardous neighboring land uses.  This 

thesis evaluates the ability of policies regarding wellfield protection zones.  Wellfield 

protection zones are based on the amount of time it takes for water to reach the surface 

through pumping of the well.  The evaluation of wellfield protection policy focuses on 

three questions within wellfield protection zones: 

• What relationships exist between government agencies and are they productive? 
 
• Are policies regulating activities within wellfield protection zones adequate? 
 
• What are the strengths and weaknesses of Florida and Dutch policy? 

 

This research focuses on Gainesville, Florida’s policies and compares them to a 

case study from the Netherlands.  The next section discusses Florida and The 

Netherlands as a comparative case. 



 

Florida and the Netherlands as Comparative Case Studies 

The state of Florida and The Netherlands have similar physical characteristics, 

policies, and outlooks towards drinking/potable water management.  Both consider 

water as public property and issue extraction permits on a state or national level.  This 

is done through water management districts (FL) and water boards (NL).  There are 

several possible sources of drinking water, however they both predominantly use 

underground aquifers.  The majority of potable water in Florida is supplied by 

municipally run suppliers while in the Netherlands permits are issued to drinking water 

companies for potable water supplies. 

Florida and the Netherlands have a population of about sixteen million people with 

an area of 170,304 km2 and 41,526 km2, respectively.  Florida has many natural areas 

that are preserved or under some kind of conservation easement which include parks, 

reserves, and floodplain protection zones.  Florida and the Netherlands have 17.9% and 

18.4%, respectively, of their total areas covered by water.  Table 1 provides more 

quantitative comparisons between Florida and the Netherlands.  While water is a central 

feature of the Dutch landscape, sixty percent of Dutch drinking water is pumped from 

underground aquifers (Vries, 2007).  Clean water requires room to naturally filter before 

it is pumped and processed to become tap water.  Otherwise, groundwater would lose 

its appeal as a cheap, clean, ubiquitous, and easily exploited resource.  While Florida 

may have more space, the rapid rate of urbanization and sprawl quickly change and 

threaten areas ideal for water purification and natural cycling.  The increasing 

populations in both areas requires urbanization in the form of housing and other 

supportive development all of which deduct from the total amount of space that can be 
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used to supply drinking water.  There are also a limited amount of areas that can be 

used for drinking water recharge. 

Florida has three different aquifers.  One is a surficial aquifer which are shallow 

beds of sand and shells that lie less than 100 ft beneath the ground (Cervone, 2003).  

The water in this aquifer moves according to a hydraulic gradient.  In contrast, the 

Floridan aquifer contains groundwater under pressure and is part of the principal 

artesian aquifer (Cervone, 2003).  Its extent includes the entire state of Florida, half of 

Georgia, and parts of Alabama, Mississippi, and South Carolina totaling about 100,000 

square miles (United States Geological Society, 2008).  Thus whenever and wherever 

there is enough pressure for the water to break through, a spring exists.  The third 

aquifer, the intermediate, is situated between the surficial and Floridan.  Each area of 

Florida has unique water management needs so they have been divided to fit 

watershed and groundwater divisions. 

The aquifer in the Netherlands is regional consisting of fluvial sand with a 

thickness ranging between 25 to 250 meters (Vries, 2007).  The groundwater level is 

close to the surface in nearly the entire country with some groundwater and surface 

water levels being controlled (Vries, 2007). 

Florida is divided into five water management districts.  These districts administer 

monitoring programs, ecotourism projects, and conservation and preservation areas.  

Most agencies have some part in water management because weather events 

necessitate proper drainage.  For instance, Orlando has surface drainage wells that 

inject overflow water from neighboring highways and lakes into the Upper Floridan 

Aquifer.  A case study found that this act did not lead to wide spread contamination, 
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however no more permits are being issued for this type of aquifer recharge system 

(Commission on Ground Water Recharge, 1994).  This is working for now because 

drinking water is pumped from the Lower Floridan Aquifer (Commission on Ground 

Water Recharge, 1994).  This type of aquifer recharge is to help displace the loss by 

daily pumping for water consumption.   

Similarly, water management in the Netherlands is divided into ten water boards.  

Water boards work with national, provincial, and local laws, needs, and objectives to 

manage the water in their respective boundary.  Unlike Florida however they also 

manage the numerous devices to keep the Netherlands a dry country.  Surrounding 

land uses can negatively affect the quality of drinking water.  For example, nitrate 

concentrations can become dangerous in soils next to leaching farmlands (Van Drecht, 

1993).  Farmlands are the major threat to water purity.  However, in such a dense 

country, conflicting land uses are bound to occur. 

The Netherlands is also starting to change its outlook from one of technical control 

to natural adaptation and resilience (Commission on Water Management for the 21st 

Century, 2000).  This means flooding more land and using designated areas to store 

water and act as an overflow catchments.  Furthermore, regarding drinking water, the 

Water Framework Directive of the European Union requires all members to increase 

water quality in order to reduce the amount of post-extraction purification and 

processing.  This means remediation of problematic sites and strict implementation of 

current wellfield policy. 

In Florida, wellfield or wellhead zones are those areas in which the wells are 

contained and special regulations apply.  Similar areas in the Netherlands are referred 
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to as groundwater extraction areas (GEA) and groundwater protection areas (GPA).  A 

GPA is a zone around extraction wells in which specialized land use regulations apply 

(Geleuken, 1998).  There are about 140,000 ha of GPA in the Netherlands (Metsers & 

Hemel, 1997).  An example of wellfield restrictions in the comprehensive plan of 

Hernando County, FL mandates that specific prohibited land uses in wellhead protection 

areas be outlined in land development regulations (LDR).  Risk concerns stem mainly 

from effluent dumping and hazardous spills on nearby roads.  Florida and the 

Netherlands are growing while trying to protect natural resources.  The most striking 

similarity between these subjects is their willingness to prevent and plan.   

Study Progression 

 The following chapters present a comparison between Florida and the 

Netherlands regarding water recharge protection areas.  Chapter 2 is a review of the 

literature regarding aquifer recharge, land use effects on water recharge quality and 

quantity, and policy frameworks.  The methodology for the comparison of Florida and 

Netherlands case studies are outlined in Chapter 3.  The two types of data collection 

were analysis of policy documents and interviews with stakeholders involved in the 

process of water protection.   

 The policy and its respective outcomes are presented in Chapter 4.  

Comparisons of the case studies are also presented.  The actual level of policy 

implementation is discussed in Chapter 5.  A comparison and contrast of Florida and 

the Netherlands is also presented in the chapter.  Chapter 6 concludes the research 

with limitations and further research suggestions. 
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Table 1-1.  Quantitative comparison of FL and NL characteristics 
Characteristic FL NL 
Population 16,000,000 16,000,000 
Area(km2) 170,000 42,000 
Water Coverage 18% 18% 
Average Annual Rainfall (cm) 150 80 
Evapotranspiration (cm) (higher) 50 
Change in rainfall from climate change 
(cm) 

As much as -15 As much as +16-24 

Water usage per Household (m3/day) 325 (1996) 46 (2001) 
Annual water cost (Euro) 160 (1996) 40 (1999) 
Adapted from Parry 2007 
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CHAPTER 2 
LITERATURE REVIEW 

Water Consumption 

Groundwater accounts for 96.3 percent of all non-solid freshwater resources, 

followed by lake water, soil water, river water, and the remaining in atmospheric water 

vapor (Seiler & Gat, 2007, 1).  The Intergovernmental Panel on Climate Change report 

indicates that by 2010 water scarcity can impact between 1.1 and 3.2 billion people 

(Parry et al., 2007).  An estimated 40 percent of the world’s population uses 

groundwater and around 50 percent of the world’s food production depends on 

groundwater-based irrigation (Seiler & Gat, 2007, 1).   

Natural modifications to the water cycle have been accelerated since mankind 

passed a growth and activity threshold in about the year 1850 (Seiler & Gat, 2007, 187).  

Since then, urbanization has increased the uses and thus the need for water.  As more 

countries turn to urbanized means of living, the demand for inexpensive and readily 

available water sources will continue to grow immensely.  In just 100 years, from 1900 

to 2000, water withdrawal has increased from 579 km3 to 3975 km3 worldwide (Seiler & 

Gat, 2007, 2).  With this increased demand and urbanization comes the need for careful 

protection of current water recharge areas.   

In the southwest United States, Lake Mead, which serves over thirty million 

people, is predicted to run dry by the year 2021.  Locally, Florida has been in a drought 

for several years.  This chapter shall review the effects of land use on water quality, and 

thus recharge.  Then it will discuss techniques to minimize detrimental effects by these 

land uses.  Finally it will discuss groundwater interactions with surface waters and the 



 

different types of policy frameworks that have been applied globally to maintain a 

sustainable potable water supply. 

Effects of Land Use on Water Quality 

Land use refers to the classification of what is typically done, or not done, on a 

piece of land.  These uses include commercial, residential, transportation networks, 

parking areas, light industrial, industrial, agricultural, and conservation.  Land use and 

land cover affect the quality and quantity of recharge (Honachefsky, 2000).  Each type 

of land use will have an associated effect on the water cycle and thus water recharge.  

Those more pervious land uses like conservation and agricultural will have less runoff 

than impervious areas such as those that are urbanized.  However, runoff from 

agricultural fields can carry heavier loads of pollutants than residential land uses even if 

there is less runoff from agricultural fields.   

The use associated with a piece of land can benefit or harm natural water cycles.  

In all cases, a change of land use results in a change in hydrology.  Impervious areas 

have the greatest impact because they prevent the natural percolation of water through 

the ground and instead create urban runoff.  This runoff is usually of impaired quality 

and is immediately mixed into streams and other water bodies without filtration.  An 

example of impaired runoff following a weather event is the first flush effect. 

The first flush effect is the combination of the right urban setting and weather 

conditions to produce the greatest concentrations of pollutants during the first storms of 

the wet season.  In a San Jose, California study the effects of first flush events were 

measured to assess its impact on urban water runoff management (Soller et al., 2005).  

It was found that the first storms of the rainy season did have significantly higher levels 

of pollutants (Soller et al., 2005).  Implications for water runoff management may then 
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consider an approach to minimize pollutant loading in an area before there is an 

expected long dry period (Soller et al., 2005).  Because the nutrient and other potential 

toxins are higher in the first few storms of a rainy season it is important to consider this 

when dealing with urban runoff.  Methods that catch the most pollutants should be 

installed to deal with not only the average load but also to ensure that severe storms do 

not overwhelm the devices.  Otherwise, impaired water can reach recharge areas or 

groundwater sources before being filtered. 

Another study, this time in Provo, Utah determined levels of dissolved metals and 

chemical characteristics of the water were altered by urban water runoff.  This Utah 

study was located on the lower Provo River and collected data from seven summer 

storms (Gray, 2004).  It found that increased dissolved solids, copper, lead and zinc 

were all associated with urban runoff.  There was also decreased conductivity and 

dissolved oxygen (Gray, 2004).  The species diversity also decreased with increasing 

urbanization (Gray, 2004).  Increasing urbanization has a direct relationship with 

increase in runoff.  Runoff can make its way into recharge areas and groundwater 

storage.  If a filtering stage is omitted, runoff can then alter the natural species 

composition of aquatic environments and thus recharge groundwater unfiltered.  

Gradients exist between dense, urban development, suburban development, and more 

dispersed, rural settlements with respect to quality of water runoff.   

Suburban development, while generally more pervious, is a continuous runoff 

problem over the landscape.  In a study by Burns et al. (2005), the effects of impervious 

area, septic leach-field effluent, and riparian wetland on runoff production in different 

ranges of suburban development within the Croton River basin in New York.  It found 
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that with more development there were also increased peak magnitudes (Burns et al., 

2005).  Wetlands also helped slow peak arrival and discharge when near a 

development (Burns et al., 2005).    

Another study on Big Darby Creek, Ohio which historically had agriculture land use 

is now being expanded upon to include urban land use from the expansion of Columbus 

Ohio (Jacobson, 2001).  Changes in land-use and a variety of land uses can have a 

varied effect on areas that receive the urban runoff.  These disturbances in land-use will 

have a large effect on the area but they will be unpredictable in relation to the benthic 

community (Jacobson, 2001).  Because it is so hard to predict what the effects of runoff 

will be on specific habitat and its organisms, it is necessary to minimize the effects of 

runoff and prevent its harmful effects via treatment. 

A study in the Netherlands found that 77-85 percent of the total area of agriculture 

and nature reserves exceeded the limit value of 50 mg/l for nitrate concentrations 

(Boumans et al., 2008).  This occurred mostly in the southeast part of the country 

known for intensive animal farming and where distance from agricultural land use is 

within 1 km (Boumans et al., 2008).  Urbanized and agricultural lands have a great 

influence on the quality and quantity of water percolating and mixing via surface water 

bodies into the groundwater systems depended upon for potable water supplies. 

The sources of contamination from the activities going on within different land uses 

can be classified as point or non-point sources.  Point sources are that come from a 

specific point such as a pipe.  Non-point sources are those that do not have a specific 

location such as run-off from a field or urban development.  This study is primarily 

concerned with non-point run-off which if left untreated can present itself in the ways 

 21



 

described above.  The sources can make the potable water supply unsafe to drink.  The 

result of which would be periods of water shortages and the eventual and costly 

resettlement of a new wellfield. 

Urban Water Treatment and Management 

 Before reaching the aquifer, there are several methods of water runoff treatment 

and management strategies that can be employed.  Wetlands, riparian zones, swales, 

and other catchments slow and filter water before allowing it to reach rivers, lakes, and, 

eventually, aquifers.  

 A method to reduce runoff and conserve potable water sources is a decentralized 

management system for rainwater (Sieker et al., 2004).  This method collects rainwater 

for only sections of a development or urban area.  It can be as simple as sending it to 

different retention ponds or streams.  It can also be incorporated into a development or 

city by having landscaped lakes or ponds that incorporate rain water runoff from small 

areas of a development.  It has the potential to be cheaper than centralized methods 

while also providing an aesthetically pleasing appeal for the client. 

 Implementing ponds, lakes, or any other type of retention area would also help 

reduce impacts from runoff.  Whether centralized or not, they can provide areas to fish 

and recreate while retaining runoff.  Groundwater contamination concerns are raised by 

the widespread use of detention ponds because of concerns about maintenance, 

longevity, and lack of design guidance (Ellis and Marsalek, 1996).  Urbanization that 

can incorporate this technique is called low impact development.   

Low impact development has runoff impact reductions built into its design 

principles.  Low impact development incorporates many natural features that allow 

urban runoff and its effects to be minimized.  The water from runoff can also be reused 
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in the development (Graham, 2004).  This kind of development requires that structures 

be situated in a way that maximizes vegetation and natural landscape.  This means 

narrower roads and sidewalks and more vegetation instead of impervious surfaces.  

Pervious surfaces such as pebbles and rock can also be used for driveways and 

sidewalks.    Low impact development deals with the average and not just the larger 

rainfall events.  Low impact development can be evaluated and implemented with the 

use of water balance modeling (Graham, 2004). Cities can also implement these design 

strategies for minimizing runoff by designing parks and other less urbanized areas in a 

similar fashion.  Roof gardens can also be implemented to retain as much water as 

possible. 

 Urbanized areas also have other options for runoff treatment and management.  

Green spaces in cities can also serve as retention areas for runoff and also reduce the 

urban heat island effect and cool the area.  Parks and recreational fields can be 

multifunctional by acting as retention areas during times of high rain while also serving 

the function of football and sports fields during dryer seasons.  Cities can benefit from 

this technique since areas for large retention lakes and ponds are hardly set-aside but 

room is more easily made for recreation. 

A natural solution to runoff treatment is the riparian buffer.  These buffers are 

located between water bodies and runoff and act as a natural filter.  Riparian buffers 

can reduce the impacts of nutrients leaching into neighboring surface water near an 

urban runoff site because they contain plant species and pervious ground that slow 

down the flow of water.  These buffers can reduce nutrient levels in surface waters 

(Baker et al. 2001).  Riparian zones provide a slow filter for runoff to go through before 
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eventually reaching a final water body.  They have the dual benefit of providing a habitat 

for animals and wildlife.  It also provides shade and food in the form of leaf litter to 

organisms in the water.  So while filtering runoff, it serves many other functions too. 

In a study by Ziegler, et al. (2006), a 2.5 hectare area in northern Thailand was 

studied during 18 rain events.  Results found that suspended sediment concentration 

was reduced by 34 to 87 percent with the presence of a buffer.  This is significant in that 

buffers not only filter and prevent nutrients and other chemicals from reaching the water 

but also sediments which could be carrying even more ions and harmful particles that 

would reduce water body quality. 

A specific type of wetland, the riparian wetland, serves the environment and also 

humans by purifying runoff before it becomes a part of rivers and streams.  The riparian 

zone of a river, stream or other water body is next to it and is influenced occasionally by 

flooding.  Riparian zones have three major qualifications which are: a linear form per 

consequence of their proximity to rivers and streams; energy and material from the 

surroundings pass through this zone more so than any other zone; and these zones are 

connected to both upstream and downstream ecosystems (Mitsch & Gosselink, 1986).  

In essence, a riparian zone is the part of a wetland classified as a swamp because trees 

can grow there.  Riparian ecosystems are found wherever rivers and streams 

occasionally flood.  The hydroperiod of a riparian system is the determinant of the 

ecosystem structure and function.  The hydroperiod includes the duration of the 

flooding, intensity, and timing (Mitsch & Gosselink, 1986).  These flooding waters bring 

nutrients, aggradation and degradation of the flood plain, and export materials from the 

floodplain (Mitsch & Gosselink, 1986).  These functions are important for a healthy 
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stream and wetland ecosystem which serves its function.  The riparian wetland also 

serves as a zone to purify runoff from urban sources before reaching a stream.  Done 

naturally, riparian zones can be engineered or constructed to be used as an urban 

water runoff purification system. 

On a grander scale, a wetland can be used for many purposes besides a runoff 

retention zone.  Wetlands can be used to catch and hold runoff from many areas but it 

can also be used to purify water for other uses.  Purification is brought about by allowing 

pollutants to settle to the bottom of the wetland.  It can then be used as a stage of water 

purification for potable water supplies or wastewater treatment.  It is also a natural water 

filter for streams, rivers, and other bodies of water. 

Constructed wetlands can also be used to treat runoff.  Wetlands could serve 

highways and roads by removing the metals and other harmful pollutants that come 

from motor vehicles.  In a study in Slovenia 69 percent of suspended solids, 97 percent 

of solids that settle, 51 percent of chemical oxygen demand, 11 percent of biochemical 

oxygen demand, and 80 percent of iron was removed efficiently (Bulc, 2003).  

Constructed wetlands need to be built a specific way to handle the load it is engineered 

to receive and also be built to the shape of the urban structure, like a highway (Bulc, 

2003). 

 Not only do impervious areas cause flood conditions but in dry years a decrease 

in runoff was found in a study done in Atlanta, Georgia (Ferguson & Suckling, 1990).  

Conclusions of that study embrace the restoration of low flows from urban areas when 

planning urban stormwater management (Ferguson & Suckling, 1990).  Restoration of 

flow, especially during dry seasons, is essential for recharging the water cycle. 
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Many of the above techniques for urban water runoff treatment can be and are 

used in practice as well as policy.  Wetlands are perhaps the easiest way to see 

groundwater levels fluctuating on a comprehensible level.  Groundwater not only 

interacts in wetlands but also in other surface waters which can play an important role 

for water recharge area protection policy. 

Groundwater Interactions 

  Groundwater and surface water represent an important interaction in wetlands 

hydrology and ecology.  Wetlands rise and fall with the groundwater level.  When above 

ground, they provide a habitat for freshwater species and others that prey on them.  

Inputs for wetlands include runoff, rainwater, surface water and groundwater.  These 

differ depending on the type of wetland considered and where it is located.  Outputs 

include loss to groundwater seepage, surface water flow, and evapotranspiration.  In a 

comparison of wetlands between Wisconsin and Minnesota, it was found that 77 

percent of the input was precipitation and 53 percent of the output was 

evapotranspiration for the Wisconsin wetland (Brown & Stark, 1987).  For the Minnesota 

wetland, 45 percent of input was groundwater and 82 percent of the output was surface 

flow (Brown & Stark, 1987).  In developing a hydrologic budget for each of these 

systems, understanding the inputs and outputs is necessary (Brown & Stark, 1987).  

Water recharge protection policy can only be as effective and precise as the data that 

goes into them.  Knowledge of the inputs and outputs are necessary for effective policy. 

 Groundwater recharge occurs in all climate zones at varying rates (Seiler & Gat, 

2007).  For instance, in humid, temperate regions, groundwater recharge can be up to 

300 mm/a and desert regions have a rate of less than 5 mm/a (Seiler & Gat, 2007).  At 

very low amounts, groundwater recharge even occurs through permafrost (Michel & 
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Fritz, 1978).  Groundwater and lakes are interrelated because 45 percent of surface 

discharge of rivers in humid and semi-arid climates originates from groundwater and 

surface discharge contributes to groundwater in arid and cold climates (Seiler & Gat, 

2007). 

 Urban imperviousness causes the loss of groundwater recharge by deflecting 

infiltration and enhancing evapotranspiration because of the increase in heat from 

neighboring surfaces (Ferguson and Suckling, 1990).  Roads, parking lots, roof tops, 

and other impervious surfaces have increased due to increasing urbanization and a 

decrease in the amount of forested lands, wetlands, and other open spaces that absorb 

and clean storm water in the natural system (Leopold 1968; Carter 1961).  The 

inevitable interactions between surface and groundwater sources make policy affecting 

groundwater necessary for sustainable sources of potable water. 

Groundwater Policy 

 Worldwide, planning has become the preferred mechanism for informed, forward-

looking and participatory decision-making with regard to the development and 

management of all water resources, including their protection from pollution (Salman, 

1999).  This section discusses how plans for groundwater are made, components of 

groundwater policy, and the problems the policy can encounter. 

Groundwater policy uses hydrological modeling to determine flow and set 

parameters for land uses in and surrounding recharge areas.  The development of a 

wellhead protection program requires knowledge of the groundwater flow system and 

hydrogeological information (Ahmed, 1997).    The ground water modeling process 

involves: (1) defining study objectives, (2) developing a conceptual model, (3) selecting 

a computer code, (4) constructing a groundwater flow model, (5) calibrating the model 
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and performing a sensitivity analysis, (6) making predictive simulations, (7) documenting 

the model study, and (8) performing a post audit (Ahmed, 1997). 

A visualization of hydrological modeling in a geographically referenced way is the 

use of Geographic Information Systems (GIS).  The ability to store, update, manipulate, 

analyze, and display the enormous amount of information required even for a small 

wellfield protection plan is simplified by the use of GIS.  In a study by Avalos et al. 

(1995), GIS was used in conjunction with field work to determine a wellfield protection 

area.  Groundwater contours and location of potential pollutants were overlapped to 

identify a 10 year protection area for Las Cruces, New Mexico (Avalos et al., 1995.). 

The focus of groundwater protection has been on landfills and wastewater 

treatment sites but other industry related sources add to the degradation of groundwater 

supplies including less obvious sources such as everyday commercial businesses like 

dry cleaners, printing plants, and body shops (Ahmed, 1997).  Increasingly, policy has 

been about recognizing non-industrial sources of groundwater pollution from runoff, 

septic tanks, and agrochemicals.  Best management practices (BMP’s) at many 

industrial sites and land uses such as forestry are implemented to deal with these non-

point sources of contamination.  BMP’s include storage, inspection, spill prevention and 

response, compliance audits, and long-term monitoring programs for activities that can 

lead to pollution of water resources (Ahmed, 1997). 

The delivery of safe drinking water is a global policy concern.  The Water Safety 

Framework as outlined by the World Health Organization (WHO) encompasses three 

elements: 

1. Establishing health based targets for drinking-water based on evaluation of 
health concerns. 
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2. Developing a management system to meet these targets that is termed Water 
Safety Plan (WSP) and consists of: 

• An assessment of the water supply system to determine whether 
the water supply chain (from source through treatment to the point 
of consumption) as a whole can deliver water that meets the health 
based targets. 

• Identification and operational monitoring of the control measures 
in the drinking water supply that are of particular importance in 
securing drinking water safety. 

• Preparation of management plans documenting the system 
assessment and monitoring plans and describing actions to be 
taken in normal operating and incident conditions, including 
upgrading documentation and communication. 

3. A system of independent surveillance that verifies that the above are operating 
properly (WHO 2004, 431-432). 

 
This framework deals with basic need for a potable water supply that meets certain 

health criteria.  An example of a specific wellfield protection program is from Broward 

County. 

 Broward County’s wellfield protection program consists of three elements: (1) 

identify wellfield pollutants and their sources, (2) map zones of influence around 

wellfield, and (3) develop and implement strategies to minimize interaction between 

potable water wellfields and other land uses (Ahmed, 1997).  Seiler and Gat (2007) 

compiled a list for management of groundwater resources that include:  (1) determining 

the range of groundwater recharge using appropriate methods, (2) using local needs 

and possibilities to manipulate groundwater recharge, (3) safeguarding of natural 

attenuation by protecting recharge pathways, (4) monitoring aquifer exploitation and 

use, and (5) using early warning systems to recognize, assess, and prevent 

groundwater degradation in time.  These policy frameworks all account for possible 
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pollutant sources, minimizing interactions with hazardous land uses, and establishing 

the zones at which protection policies should be engaged. 

 Policymakers grapple with the need to protect finite water resources but fear 

restricting economic expansion with overly limiting policies (Morris, Ahmed, & Litvak, 

2005).  Thus urban aquifer protection plan implementation is unusual worldwide despite 

the acceptance of their importance (Morris et al., 2005).  Morris, Lawrence, & Foster 

attribute this (as cited in Morris, et al. 2005) to:  

• Lack of a city or country master plan 
• Lack of knowledge and recognition of sustainability linkages and timescales 
• Lack of data and databases 
 

Opportunistic use of water resources is then the result of lack of knowledge and nothing 

is done until it becomes dangerously noticeable.  Johnston (1998) documents the St. 

Thomas, Virgin Islands case in which land uses contaminated and destroyed the 

island’s main wellfield and aquifer resulting in multi-million dollars of damage, lawsuits, 

and an addition to the superfund list (Johnston, 1998).  St. Thomas requires a 

restructuring of priorities to occur between social, cultural, and biophysical elements 

(Johnston, 1998).  A case study involving successful action and cooperation between 

government agencies when the interactions of surface and subsurface waters posed a 

threat is that of Magdeburg, Germany.  It is an example of how the collaboration 

between city managers, river authorities, and the implementation of monitoring at an 

early stage can optimize the potential to solve problems (Grischek, Foley, Schoenheinz, 

& Gutt, 2002). 

 Another aspect of wellfield and groundwater policy is public participation.  The 

French water planning system has representatives of water users participating in the 
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formation and adoption of General and Detailed Water Plans (Salman, 1999).  Texas 

legislation consists of a wide variety of water users’ groups which prepare and submit 

Regional Water Plans (Salman, 1999).  In Spain, Water Users’ Groups consist of users 

of an aquifer and share in the groundwater management responsibilities of the River 

Basin Authorities, specifically extraction monitoring (Salman, 1999). 

Growth Management in Florida and the Netherlands 

Florida and the Netherlands initiated growth management strategies for different 

reasons and attempt to regulate the same problems through different techniques.  The 

Florida legislature passed the Local Government Comprehensive Planning and Land 

Development Regulation Act, commonly known as the Growth Management Act (GMA) 

in 1985.  This emerged out of the environmental movement of the 1960s and the rapid 

rate of urban incursion into the natural environment.  It was unique in its country 

because it gave power to state and regional governments where before it was a local-

level government issue only.  Thus local governments were required to submit 

comprehensive plans to the state for approval. The Dutch Housing Act of 1901 laid the 

groundwork for the 1962 WRO (Spatial Planning Act).  This act established a three-tier 

system with the local plan, bestemmingsplan, being the only legally binding document.  

The province has the power to make decisions about this plan and the national level 

can issue directives as a reserve. 

The Dutch planning doctrine is centered on the metaphor of the Randstad and 

Green Heart to support its post-war spatial planning policies (Evers, Ben-Zadok, & 

Faludi, 2000).  Development Randstad had to be directed out of the Randstad for the 

post-war population boom but now it must be centered back in to reinforce its position 

as the economic center (Evers et al., 2000).  The Green Heart must not only be 
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preserved because it is this vast open area inside a ring of development but it is also 

the green heart of the Randstad (Evers et al., 2000).  It becomes a symbolic power to 

justify Dutch planning doctrine. 

Instead of a concern for housing, Florida’s GMA dealt with the need for controlling 

growth and the protection of susceptible natural habitats.  However, it shows an 

affiliation with private development interests and, when compared to the Dutch, a 

greater promotion of economic development (Evers et al., 2000).  Furthermore, the 

concurrency element of the GMA left loopholes in the system.  Concurrency created 

three problems: the exclusion of schools from the public facilities concurrency 

requirement; the encouragement of sprawl development by pushing new development 

to cheaper rural lands; and the funding of concurrency strained already tight local 

budgets which led to impact fees for developments (Evers et al., 2000).  According to 

Evers et al. (2000), “Florida’s planning style, controlled growth ideology, should be seen 

as a top-down reaction to an adversarial climate between development interests at the 

local level and planning principles drafted at the state level” (16). 

Summary 

Water scarcity combined with the negative effects of land use on water quality 

requires action to minimize hazardous outcomes.  Urban water treatment and 

management techniques can help minimize harmful effects of untreated runoff into 

groundwater systems.  Recognizing and modeling groundwater interactions allows for 

accurate information to implement wellfield policy.  The many groundwater policy 

frameworks presented have several characteristics in common which are monitoring 

programs, mapping zones of influence, identification of pollutant threats, and strategies 

to minimize interaction between wellfields and other land uses.  The following chapter 
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presents the methodology used to explore the wellfield policies of Gainesville, FL and 

Zwolle, The Netherlands. 
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CHAPTER 3 
METHODOLOGY 

Introduction 

This research uses case study methodology involving policy documents and key 

informant information to compare the success of water recharge area protection policies 

of Florida with The Netherlands.  The case study methodology was chosen because it 

allows for a comprehensive comparison of the topic.  Once chosen, the researcher 

collected relevant planning policies and documents.  Surveys were sent to Dutch key 

informants and interviews using the same questions were done with Florida key 

informants. 

 The goal of this research is to compare the success of water recharge area 

protection policies of Florida and the Netherlands.  The comparison will then yield a set 

of principles or techniques that will benefit Florida, and specifically Gainesville’s, 

wellfield policy. 

Selection of Case Studies 

 Case studies were based on the following criteria: (1) hydrogeology, (2) service 

population, and (3) source of drinking water.  Cities in North Florida are desired 

because of similar hydrogeology to that of the Netherlands. This means that both case 

studies will have potable sources from wellfields and thus deal with groundwater.  This 

narrows the size of the population to less than 500,000.  Large cities were undesired 

because of compounding issues with water management especially in the Netherlands.  

Also, larger cities in certain regions in both Florida and the Netherlands have different 

sources of water other than groundwater.  Cities that still had room to expand are 

necessary in order to assess the use of policy in evading wellfield and recharge areas.  



 

Gainesville is located in the center of Alachua County which is located in North Central 

Florida (Figures 3-1 and 3-2).  Zwolle is located in the northwest of the province of 

Overijssel which is slightly northeast of the geographic center of the Netherlands 

(Figures 3-3 and 3-4).  One case study was done in Florida and one case study was 

done in the Netherlands.  Only one was done in order to reduce redundancy, especially 

in the Netherlands where government is highly centralized.  There would also be too 

much (of the same) information to process.  Thus the cities chosen were Gainesville in 

Florida and Zwolle in The Netherlands. 

Development of Case Studies 

Review of Policy  

 Following the selection of case studies in Florida, several planning documents 

were gathered including: (1) comprehensive plan, (2) Gainesville LDRs, (3) Alachua 

County LDRs, and (4) other planning documents.  The potable water and sanitary sewer 

and the conservation and open space elements of the comprehensive plan were 

reviewed to understand the overall goals and intentions of the policy.  Both the 

Gainesville and Alachua LDRs were analyzed to assess the degree of regulation.   The 

case studies in the Netherlands consisted of gathering similar planning documents 

including: (1) Environmental Vision for Zwolle, (2) Overijssel regional plan (streekplan), 

(3) local land use plan (bestemmingsplan), and (4) other planning documents.  The 

Water Annex of the Environmental Vision was used in the same way as the 

comprehensive plan in understanding overarching goals and objectives.  Both 

documents also set forth legal responsibilities of either the city and province or 

municipality.  Other planning documents were reviewed when available. 
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Key Informative Interviews with Planning Officials 

 Key informative interviews were conducted with water resource planners in both 

Florida and the Netherlands.  Interviews will provide insight into the effectiveness of 

Floridian and Dutch policies.  These interviews will also provide insight into how and to 

what degree what is in listed in planning documents is actualized.  Actual content and 

restrictiveness of policy will also be discussed.  The questions covered subjects 

including wellfield locations, government agency interaction, wellfield and water 

recharge policy elements, and assessment of wellfield protection policy. 

The key informant process involved two classes of questioning.  Florida key 

informants were interviewed with a set of questions in person.  Dutch key informants 

were emailed the same set of questions.  Please refer to Appendix E to view the survey 

questions. 

Analysis of Case Studies 

 The researcher reviewed the comprehensive plan and LDRs of both the city and 

county to extract relevant wellfield policy.  The responses from the interviews were used 

to gain an inside perspective of the implementation process.  Please refer to the 

Findings chapter to review the results of both the interviews and analysis of the planning 

documents. 

Summary 

 The research selected one case study in the City of Gainesville located in 

Alachua County, Florida and one case study in the City of Zwolle located in the 

Province of Overijssel, The Netherlands.  These case studies were selected due to their 

similar hydrogeologic and population characteristics in two political entities with 

progressive water management techniques.  The research was conducted by reviewing 
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planning documents from both entities and conducting interviews with key informants.  

Planning documents including comprehensive plans, LDRs, Visioning documents and 

other planning documents in the Netherlands were collected and reviewed.  Interviews 

with water resource officials were conducted to better grasp wellfield locations, 

government agency interaction, wellfield and water recharge policy elements, and 

implementation of wellfield protection policy. 
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Maps 

Figure 3-1.  Gainesville as situated in Alachua County, Florida. [Map provided by 
Google Earth, © 2009.] 
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Figure 3-2.  Gainesville, Florida. [Map provided by Google Earth, © 2009.] 
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Figure 3-3.  Zwolle as situated in the Province of Overijssel. [Map provided by Google 
Earth, © 2009.] 
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Figure 3-4.  Zwolle, The Netherlands. [Map provided by Google Earth, © 2009.] 
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CHAPTER 4 
FINDINGS 

Introduction 

 This chapter presents the analysis of each case study in three parts consisting 

of: (1) city profiles, (2) a presentation of the planning documents and interview results, 

and (3) a summary of the strengths and weaknesses of their respective policies.  The 

city profiles and planning documents provide a comparison of what techniques are 

utilized in protecting wellfields in Florida and The Netherlands.  The results of the key 

informant interviews provide confirmation of which policies and programs for wellfield 

protection are realized and are successful.  Interviews also revealed what is needed to 

improve wellfield policy. 

City Profiles 

Gainesville, Florida 

Gainesville serves as regional hub for the north central region of Florida.  This 

includes providing educational, cultural, medical, and commercial services to residents 

in the vicinity.  It is also the seat of government for Alachua County.  According to the 

Bureau of Economic and Business Research’s (BEBR) Florida Estimates of Population 

2007, the population of Gainesville was 122,671 as of April 2007.  It has a median age 

of 27.  This is due to the presence of the University of Florida with a student population 

of approximately 50,000.  This population is seasonal during the year and fluctuates 

during holidays and semester breaks. 

Physiography   

 Gainesville is located in north central peninsular Florida in Alachua County.  It is 

the seat of government for the county.  Alachua County covers an area of about 961 
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square miles (Alachua County Environmental Protection Department (ACEPD), 1996, 

5).  It contains the borderline between the Northern Highlands and the Central 

Highlands (ACEPD, 1996, 5).  Topography is a result of submergence and 

reemergence of sea levels with the deposition of calcareous marine structures and 

sediment (ACEPD, 1996, 5).  The vast majority of Gainesville is situated in the Northern 

Highlands (ACEPD, 1996, 5).  The region contains numerous sinkholes. 

Aquifer   

There are three aquifer systems present in Alachua County: the surficial, the 

intermediate, and the Floridan aquifer system (ACEPD, 1996, 11).  The Floridan aquifer 

system underlies all of Alachua County.  See Figure 4.1 for a map of the various levels 

of confinement present in the Floridan aquifer in Alachua County.  The surficial and 

intermediate aquifer systems occur only in the east where Hawthorn Group sediments 

are found (ACEPD, 1996, 11).  Gainesville wells withdraw water from the Floridan 

aquifer system in an area that is semi-confined to confined (ACEPD, 1996, 24). 

Murphree wellfield 

 The wells are contained in the Murphree wellfield and serve a population of about 

135,000 (ACEPD, 1996, 24).  There are eleven supply wells that each supply about 9 

percent of total yield and are pumped in rotation to minimize drawdown (ACEPD, 1996, 

24).  The output capacity of the entire system is 34 million gallons per day.   Withdrawal 

depth ranges from 275 to 545 feet (ACEPD, 1996, 24).  The wells are arranged in a L-

shaped configuration and are located on the easement of tax parcel #07875-000-000 in 

Sections 14 and 15/Township 9 South/Range 20 East in northeast Gainesville (ACEPD, 

1996, 24).  Wells 1 though 4, 7, and 9 are located along NE 53rd Avenue (ACEPD, 

1996, 24).  Well 10 is located northeast of the water treatment plant ((ACEPD, 1996, 
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24)).  Wells 5, 6, 8, and 11 are located along the easement for NE 15th Street (ACEPD, 

1996, 24).  Wells 1 through 8 were constructed in 1968 and wells 9 through 11 were 

completed in 1990 (ACEPD, 1996, 24).  Approximately half of the WPZ is located within 

Gainesville city limits while slightly more than half is located in Alachua County.  See 

Figure 4-2 for the future land use map for Gainesville and Figure 4-5 for a map of 

WPZs. 

 The most common potential contamination sources are those that have migrated 

downward from the surficial into the intermediate or Floridan aquifer systems via natural 

or manmade conduits (ACEPD, 1996, 116).  The history of contamination incidents in 

Alachua County demonstrates the vulnerability of the Floridan aquifer system (ACEPD, 

1996, 61).  A combination of aquifer vulnerability and high density of potentially 

detrimental facilities that can impact groundwater quality increase the chance for 

groundwater contamination (ACEPD, 1996, 116).  There were a total of 348 potential 

contaminant sources the use or store hazardous or petroleum products which are 

contained in the 1-foot drawdown contour (ACEPD, 1996, 116).  

Zwolle, The Netherlands 

The City of Zwolle, though not the largest, is the capital of the province of 

Overijssel.  Its population is 113,118 people as of the beginning of 2006 (Veldhuizen, 

2006, 12).  The median age falls between 30 and 34 which is ten years younger than 

the country’s median age (Veldhuizen, 2006, 13).  Zwolle contains government 

agencies that implement policies for the entire province. 

Physiography 

The south eastern marginal zone of the subsiding North Sea Basin covers nearly 

the entire geographic area of The Netherlands (Vries, 2007, 300).  The maximum 
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elevation of the Netherlands is 322 meters above NAP (Normaal Amsterdams Peil = 

approximately mean sea level) (Vries, 2007, 300).  Zwolle is situated northeast of the 

Veluwe National Park.  The Veluwe and Utrechtse Heuvelrug are Pleistocene, ice-

pushed hills with a maximum elevation of 107 meters (Vries, 2007, 300). 

Aquifer 

The province of Overijssel is approximately 1885 square miles.  The depth of the 

Plio-Pleistocene aquifer contained in Overijssel ranges from about 164 to 820 feet 

(Vries, 2007, 301).  The Plio-Pleistocene aquifer covers nearly the entire country on 

layered clayey and sandy deposits of predominantly marine origin (Vries, 2007, 301). 

Vitens wellfield 

 The exposed phreatic aquifers in the Plesitocene area are susceptible to 

contamination (Vries, 2007).  Pollution sources are diffuse and consist of agricultural 

activities and atmospheric contaminants, and locally by industries and waste dumps 

(Vries, 2007).  Nitrate concentrations often exceed the 50 ppm (Vries, 2007).  

Concentrations up to 400 ppm have been observed in some areas from intensive pig 

breeding resulting in manure deposition (Vries, 2007).  This can eventually lead to the 

production of sulfuric acid (Vries, 2007). 

 Deep aquifer vulnerability is seen through tritium data analysis of the relationship 

between age stratification and pollution.  Analysis revealed that the proportion of post-

1950 (young) groundwater in the upper 15 m of the sandy aquifer strongly decreased 

from 75 percent in the recharge areas to less than 25 percent in the discharge areas 

(Vries, 2007, 309). 
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Planning Documents and Interview Results 

Background 

 Policies relating to potable water quality and quantity have a top-down structure 

in Florida and the Netherlands (Figure 4-3).  The Safe Drinking Water Act’s 1986 

amendments require creation of Wellhead Protection Programs.  The state of Florida’s 

Local Government Comprehensive Planning and Development Regulation Act requires 

all municipalities to have a comprehensive plan to set goals, objectives, and policies in 

order to properly manage growth.  The GMA (Chapter 163) requires that: 

Within 1 year after submission of its revised comprehensive plan for review 
pursuant to s. 163.3167(2), each county and each municipality shall adopt or 
amend and enforce land development regulations that are consistent with and 
implement their adopted comprehensive plan (Florida State Statute 163.3202, 
2009). 

It also goes on to state that “local land development regulations shall contain specific 

and detailed provisions necessary or desirable to implement the adopted 

comprehensive plan and shall... provide for protection of potable water wellfields (2009).  

Furthermore, the state comprehensive plan (2009) requires that it: “identify and protect 

the functions of water recharge areas and provide incentives for their conservation,” and 

“protect aquifers from depletion and contamination through appropriate regulatory 

programs and through incentives” (187.201.7.b.5 and 187.201.7.b.9).  Relevant policies 

from the Gainesville comprehensive plan can be found in Tables A-1 through A-3 

(Appendix A).  Policies from the Gainesville and Alachua County LDR can be found in 

Table B-1 (Appendix B) and Table C-1 (Appendix C), respectively. 

The Dutch national policy that governs potable water supplies is the Drinking 

Water Supply Act (1958) which regulates supply conditions, quality, organization, and 

planning.  The Water Supply Act handles the organization of water supply companies 
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which are privately operated and owned but heavily regulated.  Other Dutch national 

policies that govern potable water supplies are the Groundwater (1984), Soil Protection 

(1987), and Water Management (1989) Acts.  These acts regulate activities that impact 

groundwater.  The Ministry of Housing, Spatial Planning, and the Environment regulates 

drinking water policy on the national level.  More recently the European Union has 

passed the Water Framework Directive (2000) which mandates cooperation between 

nations on all cross-border water management issues.  Locally, the Province of 

Overijssel’s Environmental Vision document provides policy for local groundwater and 

wellfield management (Tables D-1 and D-2, Appendix D).  The following are the findings 

of each case study’s planning documents and interview results. 

Gainesville, Florida 

Wellfield location 

 The location of Murphree wellfield has not moved since its establishment in 1968.  

Additional wells have been sunk and there are currently 16 wells, 15 of which are 

operational.  Murphree Wellfield is located approximately 6 miles from the geographic 

center of the city.  Rae Hafer and Russell Ingram, both utility engineers with Gainesville 

Regional Utilities, provided insight into direct threats to the location of the wellfield.  Both 

agree that besides Koppers, the greatest threat is development within the WPZ.  

Eventually, with the increasing sensitivity of monitoring equipment, contaminants will be 

found in the sentinel wells that monitor the aquifer (Rae Hafer, personal communication, 

September 15, 2009).  The source of these contaminants can be from any of the 

surrounding land uses that are permitted to occur in the aquifer recharge zones.   

 The Cabot Carbon/Koppers site was designated a superfund site in 1983 (Figure 

4-7).  A superfund site has been identified by the federal government as bad enough to 
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necessitate federal assistance with investigation and clean-up.  The program is 

administered by the Environmental Protection Agency.  The Solid Waste Element Data 

& Analysis Report from the Gainesville comprehensive plan (2000) states:   

 Compounds found in groundwater and soils include phenols, terpenes, 
pentacholorophenol, creosote, copper, chromium, arsenic. Clays in the Hawthorn 
Formation which underlie the site apparently protect the Floridan aquifer, as well 
as the municipal wellfield 2.3 miles to the northeast. In June 1990, the 
Environmental Protection Agency gave tentative approval to a plan by Cabot Corp. 
and Beazer Materials and Service (formerly Koppers Co.) to clean up this site. Site 
investigation was completed by EPA in 1990.  Remedial action methods selected 
included in-situ bioremediation, soil excavation, soil washing and groundwater 
treatment. Remedial actions and groundwater monitoring are on-going (35). 

The location of the well was chosen due to the clay layer that protects the aquifer from 

sudden, rapid recharge from hazardous spills or other similar situations.   

Government agency interaction 

The agencies in Florida that deal with wellfield management are the SJRWMD, 

Gainesville Regional Utitlities (GRU), Alachua County, and the Alachua County 

Environmental Protection Department (ACEPD).  The regulating agency as designated 

by Section 355.05 of the Alachua County LDR is ACEPD.  ACEPD is a state-certified 

delegate for the State of Florida.  The county and city has restrictive regulations 

involving strategic ecosystems and wetlands, respectively.  Property owners desiring to 

develop on parcels that contain strategic ecosystems (Figure 4-4) are required to 

preserve up to fifty percent of the upland portion of their parcel (Alachua County LDR 

406.35, 2009).  Wetland function and habitat destruction is prevented within city limits 

by requiring “practicable design alternatives to minimize impacts to wetlands” during 

development no matter the size of the wetland (30-302.1.d, 2009).  It mandates 

restoration and mitigation to damaged wetlands also (30-302.1.f, 2009).  The overlap of 

these policies with the WPZ provides additional protection where applicable.  
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Furthermore, county zoning allows for conservation districts which limits residential 

development to one structure per ten acres (Alachua County LDR, 403.20, 2009) 

Government agency interaction is referenced several instances and in various 

ways through Gainesville’s comprehensive plan.  Objective 2.3 states that “the City shall 

only permit activities that maintain drinking water resources to meet the demands of 

population projected for the year 2010,” (Gainesville Comprehensive Plan).  The 

coordination of such efforts requires several agencies and is an example of vertical 

policy overlap: 

Pursuant to Section 373.0395, F.S., Water Management Districts are to 
map “prime” groundwater recharge areas within the County.  Should such 
areas be identified within City limits, the areas will be mapped and 
included in the adopted comprehensive plan, and City land development 
regulations shall be amended to protect such areas if they are not already 
protected by existing regulations and programs (2.3.5). 
 

Florida state law requires water management districts to provide a service to the county 

thereby notifying the city of areas to be included in the City’s comprehensive plan.  Ms. 

Hafer and Mr. Ingram mentioned how SJRWMD could potentially make more restrictive 

policies for development in the wellfield. 

 Government agencies interact for very specific purposes with regards to the 

Murphree Wellfield.  The city, specifically GRU is responsible for reviewing any 

development plans in the wellfield protection zones (WPZ).  The Alachua County LDR 

sets the regulations for management including the wellfield protection zones.  The 

County also sets the standards for hazardous water storage and management within 

the WPZ.   St. Johns River Water Management District (SJRWMD) issues consumptive 

use permits (CUP) to the City based on projections of need up to the point where 
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withdrawals would start affecting other users.  Once withdrawals reach a certain point, it 

will be capped. 

The water management districts’ primary goal is to ensure adequate water quality 

and quantity.  Quality is monitored not only for potable water sources but also for 

recreational and environmental goals.  Quantity is monitored to ensure recharge to 

groundwater resources is not cancelled out by water withdrawals through over-pumping 

or cross-border interactions.    

Policy elements 

There are three policy documents regarding wellfield policy in Florida.  The first is 

the comprehensive plan (both state and local).  The City of Gainesville LDR and 

Alachua County’s LDR are the remaining documents. 

There are three policy elements regarding wellfield and water recharge areas in 

the Comprehensive Plan for the City of Gainesville.  They are the conservation, open 

space, & groundwater recharge, future land use, and potable water and waste water 

elements. 

The conservation, open space, and groundwater recharge element requires the 

mitigation of hazardous substances through compliance with the Alachua County 

Murphree Wellfield Protection Code and the Alachua County Hazardous Materials 

Management Code (2.2.4).  Furthermore Objective 4.2 requires the city to identify 

pollution problems and parties responsible in order to mitigate, remediate, or provide 

assistance for mitigation and remediation. 

Objective 2.4 regulates runoff and other policies regarding the conservation of 

important water bodies including water recharge areas.  An education component also 
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exists (as with all elements) to provide funding for education programs espousing the 

need for conservation and preservation of natural resources (Objective 2.6). 

The future land use element handles natural resource, and thus wellfield and 

recharge area protection, by regulating development patterns.  Objective 1.5 seeks to 

“discourage sprawling, low-density dispersal of the urban population.”  It does this by 

encouraging the county to consider an urban growth boundary as well as encouraging 

denser, walkable development.  Goal 2 sets forth policies to encourage redevelopment 

to discourage sprawl, among other goals.  Groundwater and wellfield protection is also 

cross-referenced with the conservation, open space, and groundwater element when 

considering new development in significant areas concerning these items (3.1.1). 

The potable water and waste water element is the final element dealing with 

wellfields and groundwater recharge.  It specifies the technical methods of supplying 

potable water.  It requires water conservation encouragement to be included in the 

public education component (Objective 1.5). 

Alachua County’s comprehensive plan (2001-2020) became effective May 2, 

2005.  One goal relating to the containment of growth is set forth in Policy 2.1 in the 

Potable Water and Land Use Elements:   

All new development in the urban cluster shall be timed to occur when both 
centralized potable water and sanitary sewer systems are available for connection. 
The timing and availability of municipal water and sewer to a property shall be one 
of the factors to be considered when deciding upon proposed changes in zoning to 
a higher density or intensity pursuant to Policy 7.1.2.b. (Alachua County 2005). 

The comprehensive plan incorporates objectives which “maximize the use of existing 

facilities in order to discourage urban sprawl and provide an adequate, safe, and 

environmentally sound system of potable water supply and sanitary sewer collection, 

treatment, and disposal.” 
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 Policy elements listed in the comprehensive plan must be translated into local 

LDR.  Division 3 of Article VII, Wellfield Protection Special Use Permit, outlines how 

development within the primary, secondary, and tertiary WPZ goes through a special 

development review process (Alachua County LDR, 2009).  The Alachua County LDR 

also outlines the uses within WPZ.  The primary WPZ is the land area immediately 

surrounding the Murphree Wellfield that is defined as the two year Floridan aquifer 

system travel time at a 60 million gallons per day (mgd) pumping rate; the secondary 

WPZ has a travel time of 10 years at the same rate and surrounds the primary WPZ; 

and the tertiarty WPZ has a travel time of 25 years at the same pumping rate and 

surrounds the secondary WPZ (Alachua County LDR, 2009).  Travel time refers to the 

amount of time it takes a particle of water to move horizontally in the Floridan aquifer 

from a given point to the wellfield.  The special development review process and the 

mapping of the WPZ is undermined by the exemptions and exceptions listed in their 

respective sections.  Exceptions include gas stations as well as urban developments. 

 Furthermore, city policy only requires those living within city limits and WPZ to 

hook up to the city waste water system but not the city water supply.  This means that 

those that can demonstrate a financial hardship can sink their own wells, no matter the 

distance to Murphree wellfield.  This compounds the amount of water withdrawal going 

on in and around the WPZ.  According to the informants, houses near the Koppers 

superfund site have refused to hook up to the city supply despite discounted or fee-free 

offers.  This could present public health problems.   
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Policy effectiveness 

 Both Mr. Ingram and Ms. Hafer agree that besides Koppers, the biggest threat to 

the Murphree wellfield is urban growth in the primary zone.  Growth within the primary 

zone poses an immediate risk to water quality.  Furthermore, gas stations are allowed 

within any of the WPZ.  Gas stations are regulated by the state.  The policy lacks “teeth” 

to discourage development within the WPZ, especially the primary zone.  Mr. Ingram 

said that he is currently in the process of pushing new policy through that will give GRU 

the ability to deny new developments in the WPZ and make it stricter to do anything 

potentially harmful there.   

 Ms. Hafer spoke about how the conservation easement located to the west of the 

wellfield will keep that land in timber and is a good way to protect the WPZs from 

containing potentially harmful land uses.  Both Ms. Hafer and Mr. Ingram agreed that 

zoning would be the most successful way to keep the WPZ from urbanizing or from 

other harmful land uses from locating in it.  This would save money instead of having to 

purchase conservation easements.  Currently the Ironwood Golf Course which is owned 

by the city but has been zoned as residential.  It is located within the WPZ and there are 

plans to build a subdivision around it. 

Zwolle, The Netherlands 

Wellfield location 

 The Vitens wellfield serving Zwolle is located a 1.5 miles away from the 

geographic center of the city.  Several years ago the wells were moved to be closer to 

the river because of conflicts with agriculture.  This was done as a preventative 

measure so that pollutants would remain out of the water being pumped according to 

Mr. Heggeler.  The location of the wellfield itself was chosen because of the clay layer 

 53



 

which is the same reason for the location of the Murphree Wellfield.  Unlike Murphree 

Wellfield, Vitens wellfield’s biggest threat is activities related to farming, not urban 

development.  Figure 4-7 shows the groundwater protection zones for the Vitens 

wellfield. 

Government agency interaction 

 The agencies in The Netherlands that deal with wellfield recharge and protection 

on a local and implementation level are the water boards, the drinking water companies, 

the provinces, and the municipalities.  The water boards provide permits for extraction 

and monitor withdrawals and hydrology much in the same way as Florida’s water 

management districts. Their primary purpose and reason for existence however is 

surface water management. 

Drinking Water Companies supply potable water sources to municipalities.  The 

companies have strict regulations and rules to follow when supplying water to 

municipalities.  They are privately owned but heavily regulated by the government.  In 

most cases they own the land that constitutes the recharge areas.  

 The province is responsible for the protection of wellfield and water recharge 

areas through spatial planning techniques.  Following guidelines for production and 

supply are outlined in the Water Annex of the Environmental Vision of the Province of 

Overijssel.  Province policy focuses on the step-forward principle while the municipality 

handles the more specific activities within the wellfield zones of influence. 

 Menno Heggeler, of the Province of Overijssel, on commenting about 

government agency interaction said that the biggest problem is the slow progress in 

implementing policies.  Representatives from the Province and municipality meet a few 
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times a year to discuss wellfield policy (Menno Heggeler, personal communication, 

September 28, 2009).  

Policy elements 

 The main policy document concerning the management of Vitens wellfield is the 

Environmental Vision of the Province of Overijssel (2009).  There are three main 

components that protect wellfield recharge areas in Zwolle as set in Section 5.3.1.  

Spatial planning is the main component of wellfield and water recharge protection in the 

Netherlands.  The other two components of wellfield and water recharge are water and 

environmental policy.  Wellfields and their corresponding water recharge zones are 

protected through planning on the provincial level.  These laws protect not only the 

current recharge zones but also those reserved for the future. 

 In comparison to Florida policy elements, Zwolle does not offer water recharge 

and wellfield protection policy public education or urban water runoff treatment facilities 

or management strategies.  Infill development policies, density requirements, 

identification of potential pollutants and their sources, and mapping zones of influence 

around wellfields are policy elements that Zwolle uses to protect the wellfield.   

 A new policy set forth in 2003 called the Step-Forward Principle is a water 

assessment of proposed spatial planning on the hydrology of the planned area 

(Environmental Vision, 2009).  It resembles environmental impact statements in the 

U.S. but occurs on a grander scale. 

The policy limits activities and spatial functions in the GPA and to a lesser extent 

in the GEA.  The two overarching principles of Dutch policy are prevention and 

precautions.  Both the GPA and GEA have restrictions on land use and activities that 

can occur within their boundaries.  The “extractable” area has fewer restrictions and 
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provided it passes the step-forward principle, has not other suitable locations, and there 

is a demand for an activity, a permit can be granted to build within it (Environmental 

Vision 2009). 

However much more emphasis and allowance is given to function like golf courses 

and nature parks because it is more in line with natural hydrologic functions.  The 

“stand-still” principle is then applied across all proposed activities.  This principle 

justifies changes if factors affecting groundwater quality stay the same and do not 

worsen.  However, mitigation is permitted nearby or on site, like city regulations towards 

wetlands.   

Unlike Gainesville, Zwolle restricts outright these activities, some of which are 

problematic in Gainesville: housing, urban development (commercial, retail), roads, 

railways, waterways, industrial sites, new sewage sites, and piping for gas and oil.  The 

Water Annex of the Environmental Visioning for the Province of Overijssel (2009) 

directly states that spatial planning is the starting point in preventing contamination in 

the GPA by: (1) promotion of functions that contribute to good quality groundwater; (2) 

impose conditions on land uses that risk groundwater protection; (3) excluding land 

uses that impact groundwater. 

Policy effectiveness 

Dutch policy is effective at keeping future land use changes from occurring within 

the GPA and GEA.  However, enforcement of policy towards historical land uses is a 

problem.  Mr. Cramer said that better political leadership to encourage stricter 

enforcement of wellfield and water recharge protection policies would be necessary to 

actual follow through with the written policy.  Changing urban growth patterns and other 

circumstances can lead to a wellfield being moved.  There is a full adherence to the 
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public interest component of proving the necessity for allowing potentially hazardous 

activities within wellfield boundaries. 

Summary of Findings 

Gainesville and Zwolle both located their wellfields where clay layers are present 

to provide protection from contaminant spills.  The activities posing a threat to the 

wellfield differ as Gainesville faces development pressures and Zwolle has agricultural 

pressures.  Florida and the Netherlands each have several different agencies 

interacting to support wellfield management and protection.  Water management 

districts and water boards have similar goals in water supply planning and permitting. 

Both cases have policy for hazardous materials but Zwolle has more restrictive 

policy towards activities and developments within the WPZ.  They also have policies 

which encourage supportive land uses within the WPZ.  The informants for each case 

study both acknowledged problems with policy effectiveness.  Specifically, Gainesville 

has less restrictive regulations and Zwolle has a problem with enforcement.
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Figure 4-1.  Alachua County Floridan aquifer confinement map. 

 



 

 

Figure 4-2.  City of Gainesville Generalized Future Land Use Map.[Source: Gainesville Future Land Use Map Series] 
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Figure 4-3.  Policy Frameworks for A) Dutch government agency interactions and B) Floridian government agency 
interactions. 
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Figure 4-4.  Strategic ecosystems in Alachua County, Florida.  [Source: Alachua County Comprehensive Plan 2009]
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Figure 4-5.  Wellfield protection zones for Murphree Wellfield of Gainesville, FL.  
[Source: Gainesville Comprehensive Plan 2000] 

 
 
 



 

 
 

Figure 4-6.  Wellfield protection zones for of Zwolle, NL.  [Source: 
http://provincie.overijssel.nl/contents/pages/3040/kaartengelsewerkdefinitief0527
3500_3b.pdf.  Last accessed September 15, 2009] 
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Figure 4-7.  Aerial view of the Koppers and former Cabot Carbon sites.   [Source: 

Strategic Plan, Quarterly Report, 2009] 
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CHAPTER 5 
DISCUSSION  

Through the course of the findings, key differences between FL and NL arose.  

This chapter will explore the similarities and differences between the two case studies.  

Though Gainesville and Zwolle have similar characteristics concerning wellfield location, 

service population, and complex government agency interaction, their wellfield policy is 

quite different.  They also use similar modeling techniques in deciding wellfield travel 

zones.  The major differences can be found in the elements of their respective policies. 

This study found that restrictions without exemptions do not exist in Gainesville.  

Proposals within the WPZ are not exempt or restricted including gas stations.  

Urbanization and development strategies do not consider wellfield zones or make 

restrictions on WPZs.  In general, comprehensive planning gives more thought to 

providing services rather than the impact these services have on each other.  There 

then becomes little collaboration between elements which impact wellfield policy.   

Furthermore, lands that are zoned as conservation districts within the county and 

similar zoning within city limits can be rezoned depending on the commissioners.  If a 

property owner desires a land use change and enough of the commissioners agree, 

then zoning policies are not enough to restrict dense development.  For instance, the 

Hatchet Creek Development around 39th Avenue and Waldo Road would be located in 

the secondary WPZ and is a relatively dense development for retirees.  Development 

pressures in East Gainesville could push this project into existence even though it is 

located within the WPZ. 
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Several loopholes exist within wellfield policy.  First, Gainesville Regional Airport is 

in the secondary and tertiary WPZ.  Second, residential septic systems are exempt from 

restrictions despite the obvious hazards they pose to groundwater. 

Both FL and NL lack public education on wellfields which could increase 

awareness and a sense of responsibility for protection.  Public awareness would 

increase preventative measures instead of reactive measures once conditions became 

urgent.  Even when offered free or reduced potable water services, residents nearby to 

the wellfield or the Koppers site refused (Rae Hafer, personal communication, 

September 15, 2009).  Educational measures are needed to explain groundwater 

movement and the effects wells can have on or have from groundwater. 

The biggest difference is the idea of good spatial planning.  Combined with the 

step-forward principle among others, it provides a basis for comparison both 

environmentally and organizationally on a municipal or regional level.  While Florida has 

environmental impact statements and other less relied on and corresponding principles, 

they do not work in regards to wellfield protection.  Florida also has growth management 

laws that would act the same as similar Dutch development and density if it were based 

less on concurrency and more on conservation and efficient land use. 

Though Gainesville policy is not nearly as restrictive as Zwolle’s, implementation is 

not a problem.  Increasing restrictions by passing through new legislation to better 

protect Murphree Wellfield is a high priority and is currently in the process (Russell 

Ingram, personal communication, September 15, 2009).  Though Dutch policy is 

currently changing and updating, willingness to enforce is essential and needs to 

change with the policy.   
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Literature illuminates the necessity for careful protection of water resources 

because of the delicacy of the system.  This study contains policy elements present in 

the literature and how good intentions are not enough to get it to the enforcement and 

stringency levels that are needed for adequate preventative protection.   

Finally, the largest difference between FL and NL policy is that the phrase “good 

spatial planning” is used to determine future land use activities.  Zwolle takes a holistic 

approach to planning when deciding whether activities within a wellfield should occur.  

Future wellfield sites are put aside because of the density inherent in such a small 

country that conserves its land and recognizes its value.  The Environmental Vision 

(2009) states that “the importance of ensuring public water supply is central.” 

Mr. Heggeler also mentioned further improvements that would not take effect until 

2030.  These improvements are: (1) checking concurrency between the city and 

province plans, (2) stricter enforcement, and (3) increasing the knowledge and 

participation of politicians. 

One case study of a Florida city and one from a Dutch city were done in order to 

compare the differences between wellfield policies in each locale.  Similarities in 

progressive water management strategies and outlooks make FL and NL comparable.  

While political framework differences exist, both municipalities must establish wellfield 

policy to effectively protect future withdrawals.  Government agency interactions are 

important in gathering information and supporting one entity (the municipality) from each 

case to implement policy.  Gainesville policies are inadequate with respect to wellfield 

protection when dealing with (1) restricting development and (2) having restrictions with 

“teeth,” (Russell Ingram & Rae Hafer, personal communication, September 15, 2009).  
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Zwolle policies contain the right elements to prevent development but have problems 

with enforcement.  In theory there is a regulatory agency but it is hard to have someone 

move who has been there for decades (Menno Heggeler, personal communication, 

September 28, 2009).  Political leadership is necessary to correct these wrongs before 

a sense of urgency overcomes preventative measures (Wennemar Cramer, personal 

communication, September 22, 2009). 

Literature purports that the importance of wellfield protection and potable water 

supply policies in general are recognized as necessary but plans to do so are more 

often than not lacking in many parts of the world.  This was generally attributed to 

modernizing societies.  The focus of the present research has been on two advanced 

societies, yet complete policies are still lacking.  More complex, bureaucratic processes 

are perhaps at work which could be further researched to understand the differences 

between modernized societies and those that are in the process of modernizing.  Both 

FL and NL have the ability to map and model complex underground water movements.  

Yet restricting activities and enforcing policies are difficult.  This can be attributed to the 

negative economic and social effects of limiting development in the case of FL and 

farming in NL.  Both would be displacing residents as well as devaluing property that in 

some cases is privately owned. 

Wellfield policy is complicated by the need to incorporate other policy elements 

when making decisions about restrictions.  Both case studies occur in regions where 

ample land exists near the city to expand.  However, to prevent sprawl in FL and 

maintain density in NL, spatial planning techniques must be considered.  This especially 
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is true in built out or nearly built out municipalities because of the overlap between 

WPZs and development. 

The present study highlights the differences and rates of success of wellfield policy 

between Gainesville, FL and Zwolle, NL.  Few studies compare or address modernized 

wellfield policy and implementation success.  Established documents such as 

comprehensive plans, LDR, the Environmental vision, and other planning documents 

established policy frameworks.  The Dutch example is more restrictive.  Gainesville 

policy lacks enough restrictions to effectively be preventative.  Both cases lack 

implementation as even the FL comprehensive plan outlines the necessity of wellfield 

protection policy.  Key informant interviews and surveys with water resource planning 

officials provided an insider’s perspective on both the policy itself and its 

implementation.   

Both municipalities recognize the benefit of locating their wellfields where a clay 

layer is present.  This layer affords protection against rapid recharge of hazardous spills 

and allows for a slower, filtered recharge process.  Government agency interaction is 

clearly defined for both FL and NL.  Agency interaction in FL is successful in providing 

information but further connections could increase wellfield protection policies.  

Information is also managed successfully in NL but the process of implementation is 

slow because the municipality and province focus on different aspects of environmental 

policy affecting the wellfields. 

Comprehensive plan elements require protection for the Murphree Wellfield 

however, the lack of teeth in the LDR makes it impossible to do so (Interview with 

Russell Ingram).  Furthermore, multiple exemptions exist in the LDR which allows 
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urbanization to occur in the WPZ (Russell Ingram, personal communication, September 

15, 2009).  Thus FL policies are insufficient at protecting Murphree Wellfield.   

Policy in NL is not lacking in exclusionary principles but enforcement and a sense 

of urgency are lacking according to both Mr. Cramer and Mr. Heggeler.  Moving 

historical land uses after policy has been “implemented” is difficult because of the 

economic effect it would have on those households.  Literature supports the findings of 

this study as development pressures are pushed outwards towards rural areas.  These 

areas generally include WPZ.   
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CHAPTER 6 
CONCLUSION 

This chapter presents a summary of the present research, research limitations, 

opportunities for further research, and concluding statements.  The research summary 

verifies a presence of too many exemptions for development in the WPZ of Murphree 

Wellfield and a lack of enforcement in both FL and NL.  Research limitations include the 

limited scope of these case studies and the limitations of case study methodology.  

Opportunities for further research include the exploration of factors leading to poor 

wellfield policy and lax enforcement.  Another study could examine municipalities that 

are facing urgency in wellfield conditions and what factors lead to such degradation.  

Concluding statements about the research are presented lastly. 

Research Limitations 

 The limitations of research relate to the case study parameters and the 

availability of literature and established resources to support my conclusions.  The 

present research represents one case study in north Florida and one in the central 

Netherlands which is under-representative of the variety present in each location.  While 

they are good examples for their locations regionally in Florida and the Netherlands, 

they only take into account a certain population size with room to expand its political 

boundaries.  This research is limited in scope to states that consider water as a publicly 

held resource.  Different policy and legal frameworks, and thus different interactions, 

would occur and could not benefit as fully from this research.  This research has limited 

applicability for these reasons.  Studies on recharge areas generally focus on modeling 

that manage for time and travel and do not consider policies that do not specifically 

mention these areas. 
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 Established literature is limited at best with regard to studies comparing wellfield 

and water recharge policy effectiveness between different countries and municipalities 

within countries.  Policy documents are also ever changing and being updated.  

Components of the comprehensive plan process in Florida can take years to be 

implemented, if they ever are, and then may end up being mute because of changing 

circumstances. 

 Lastly, methodology including interviews has limitations.  The researcher has no 

reason to distrust the participants since they participated voluntarily.  However, all 

participants can contain elements of bias towards wellfield and water recharge policies, 

especially when it pertains to their own municipality.  Due to a lack of time, resources, 

and a language barrier, only water resource planning official were interviewed thus 

representing only one perspective, that of the water resource planner. 

Opportunities for Further Research 

 The present research deals with specific parameters including service population 

size, location, groundwater as potable water source, and the ability for the municipalities 

to expand.  Further research could include larger municipalities, especially those that 

are unable to move their wellfields or would have to consider other options if protective 

measures were not implemented properly, such as those close to being built out.    How 

do larger municipalities that have larger runoff and pollutant potentials implement 

wellfield policy when there is a greater sense of urgency?   

Exploring regions in south Florida and western Netherlands would also increase 

the applicability of similar research.  Finally a comparison of policies between 

municipalities that consider water a public resource and those that do not could explore 
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which policy framework best protects wellfields.  Exploration of other potable water 

resources could also expand BMPs for water resource management. 

 Another aspect of wellfield policy research to be considered is the financial 

ramifications of the movement of wellfields in order to keep a distance between it and 

sources of contamination.  A comparison between the cost of moving the wellfield and 

diligent regulation, enforcement, and implementation of policy would provide a financial 

analysis of wellfield policy.  

Conclusions 

The research on successful wellfield policy and its implementation is still a new 

phenomenon.  Recent technological developments such as groundwater movement 

modeling and GIS allow for detailed and accurate forecasting and monitoring.  Wellfield 

policy, though recognized as essential, still comes in second place to other issues 

especially when perceived as restrictive.  The present study confirmed the presence of 

a framework for successful wellfield policy in the comprehensive plan for FL yet fell 

short in the LDR.  Unlike FL, NL has the necessary policy restrictions for WPZs in their 

Environmental Vision document.  Interview and survey results for FL verified the lack of 

exemption-free regulations for WPZs and absence of “teeth” in regulating what is at 

present in the LDR.  Several loopholes exist in the current law.  Currently Gainesville 

utility engineers are beginning the process to push new legislation through to change 

and update current wellfield policy. 

This research is somewhat limited in that it applies to municipalities with room to 

expand, certain hydrologic and population characteristics, and entities that consider 

water a public resource.  In other municipalities or regions, with a greater sense of 

urgency about improving wellfield policy, how does the lack of proper wellfield policy 
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affect new policies and the economic, social, and political circumstances of that 

municipality or region?  What are the obstacles to carrying out wellfield policy?  What 

policies and implementation techniques lead to successful wellfield programs?  It is 

efficient to heed the advice and follow the success of others than to try to repair an 

environmental problem so essential and complex as potable water supplies. 

A compilation of potable water supply research yields many elements or factors 

that contribute to successful supply and sustainability of water resources.  Studies 

indicate the degradation that urban water and pollutants can cause to groundwater as 

well as groundwater’s interaction with other water bodies.   
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APPENDIX A 
SUMMARY OF POLICIES IN GAINESVILLE COMPREHENSIVE PLAN 

Table A-1.  Conservation, Open Space, and Groundwater Recharge Element-Goals, Objectives, and Policies 

Element 
Goal, 
Objective, or 
Policy 

Description 

COSGRE Goal 1 Establish and maintain an integrated and urban-defining open space network 
that protects and conserves key environmental features. 

COSGRE Objective 1.1 Upon adoption of this Plan, the City shall protect all significant environmental 
lands and resources identified in the Environmentally Significant Land and 
Resources map series within the Future Land Use Map Series. The City shall 
continue to identify environmentally significant open space and recreation 
sites for acquisition. 

COSGRE Policy 1.1.1.d Wellfields: Development must be consistent with Policies 2.3.2 and 2.3.3 of 
this Element. 

COSGRE Policy 1.1.1.e Major Natural Groundwater Recharge Areas: Development within this area 
must be consistent with Policies 2.3.3 and 2.3.5 of this Element. 

COSGRE Policy 2.2.4 The City shall adopt land development regulations that require the handling 
of hazardous materials in such a way as to prevent degradation of the natural 
environment. At a minimum, this shall be achieved by complying with the 
Alachua County Hazardous Materials Management Code and the Alachua 
County Murphree Wellfield Protection Code, which: 

COSGRE Policy 2.2.4.b Prohibit new, hazardous materials facilities from siting within the primary and 
secondary wellfield protection zones of the Murphree wellfield, and establish 
requirements for siting of hazardous materials facilities within the tertiary 
protection zones of the Murphree wellfield. Within the secondary zone, 
vehicular fuel storage subject to Florida Statutes 376.317 may be allowed. 

 

 



 

 
 

 

Table A-1. Continued 

Element 
Goal, 
Objective, or 
Policy 

Description 

COSGRE Objective 2.3 The City shall only permit activities that maintain drinking water resources to 
meet the demands of population projected for the year 2010. 

COSGRE Policy 2.3.1.a The City shall continue to cooperate with the Alachua County Environmental 
Protection Department, the Florida Department of Environmental Protection 
(FDEP), the Water Management Districts, and the Environmental Protection 
Agency (EPA) and shall support the appropriate agencies with efforts to 
accomplish the following: Identify areas of pollution to surface waters and 
groundwater 

COSGRE Policy 2.3.2 The City shall allow land uses and facility design within wellfield protection 
zones (and other “community water system” cones of influence as defined by 
Fla. Administrative Code Chapter 62-550.200 (Drinking Water Standards, 
Monitoring, and Reporting, Definitions for Public Water Systems) and 
Chapter 9J-5.003(27 ) 
(Definitions, “cone of influence”) and identified in the Environmentally 
Significant Land and Resources map series within the Future Land Use Map 
Series, that are in compliance with the Murphree Wellfield Protection Code. 

COSGRE Policy 2.3.5 Pursuant to Section 373.0395, F.S., Water Management Districts are to map 
“prime” groundwater recharge areas within the County.  Should such areas 
be identified within City limits, the areas will be mapped and included in the 
adopted comprehensive plan, and City land development regulations shall be 
amended to protect such areas if they are not already protected by existing 
regulations and programs. 
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Table A-1. Continued 

Element 
Goal, 
Objective, or 
Policy 

Description 

COSGRE Policy 2.3.6 Until such time as prime recharge areas are mapped, the City shall use the 
Floridan Aquifer recharge maps prepared by the St. Johns River Water 
Management District and the Suwannee River Water Management District 
(see Environmentally Significant Land and Resources map series within the 
Future Land Use Map Series). City land development regulations shall be 
amended to protect such areas if existing regulations and programs do not 
already protect them. 

COSGRE Objective 2.4 The City shall amend its land development regulations as necessary to 
conserve environmentally significant surface waters; major natural 
groundwater recharge areas; threatened or endangered or listed (or 
candidates for being listed) plants, animals and habitats; and prevent the 
spread of invasive vegetation. The adopted regulations shall be designed to 
maintain viable populations of these existing plant and animal species and 
allow development activities which are compatible with identified 
environmentally significant lands and resources. 

Source: Gainesville, FL Comprehensive Plan as adopted June 10, 2002 
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Table A-2.  Future Land Use Element-Goals, Objectives, and Policies 

Element 
Goal, 
Objective, or 
Policy 

Description 

FLUE Goal 3 Achieve the highest long-term quality of life for all Gainesville 
residents consistent with sound social, economic and environmental 
principles through land development practices that minimize 
detrimental impacts to the land, natural resources and urban 
infrastructure. 

FLUE Objective 3.1 The City shall protect environmentally sensitive land, conserve natural 
resources and maintain open spaces identified in the Future Land Use 
Map Series, through the Development Review Process and land 
acquisition programs 

FLUE Policy 3.1.1 At a minimum the following standards and guidelines shall be used to 
protect environmentally sensitive resources identified in the 
Environmentally Significant Land and Resources map series within the 
Future Land Use Map Series. The City shall develop and adopt land 
development regulations that establish criteria for expansion of the 
minimum standards addressed below. 

FLUE Polciy 3.1.1.d Wellfields: Developments must be consistent with Policy 2.3.2 of the 
Conservation, Open Space and Groundwater Recharge Element. 

FLUE Policy 3.1.1.e Major Natural Groundwater Recharge Areas: Developments within this 
area must be consistent with Policies 2.3.3 and 2.3.5 of the 
Conservation, Open Space and Groundwater Recharge Element. 

FLUE Policy 3.1.2 The City shall regulate development in high aquifer recharge areas 
that, at a minimum, meet the standards and guidelines of the St. 
Johns River or Suwannee River Water Management Districts as 
applicable and Policies 2.3.5 and 2.3.6 of the Conservation, Open 
Space and Groundwater Recharge Element. 
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Table A-2.  Continued 

Element 
Goal, 
Objective, or 
Policy 

Description 

FLUE Goal 4 The land use element shall foster the unique character of the city by 
directing growth and redevelopment in a manner that uses 
neighborhood centers to provide goods and services to city residents, 
protects neighborhoods,distributes growth and economic activity 
throughout the city in keeping with the direction of this element; 
preserves quality open space and preserves the tree canopy of the 
city.  The land use element shall promote statewide goals for compact 
development and efficient use of infrastructure. 

FLUE Objective 4.1 The City shall establish land use designations that allow sufficient 
acreage for residential, commercial, mixed-use, office, professional 
uses and industrial uses at appropriate locations to meet the needs of 
the projected population and which allow flexibility for the City to 
consider unique, innovative, and carefully construed proposals that 
are in keeping with the surrounding character and environmental 
conditions of specific sites. 

FLUE Policy 4.1.2 Underlying densities and intensities of development within the future 
land use categories shall be consistent with the policies in the 
Conservation, Open Space and Groundwater Recharge, and Future 
Land Use Elements providing standards and criteria established for 
the protection of environmentally sensitive land and resources. 

Source: Gainesville Comprehensive Plan as adopted March 4, 2002 
 
 
 
 
 
 
 
 



 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table A-3.  Potable Water & Waste Water Element- Goals Objectives, and Policies 

Element 
Goal, 
Objective, 
or Policy 

Description 

PW&WWE Goal 1 To provide adequate, safe, economic, 
reliable and environmentally sound water 
and wastewater utility services. 

PW&WWE Objective 
1.5 

Recognizing the importance of potable 
water supplies, the City shall encourage 
water conservation through the programs 
and methods listed below: 

PW&WWE Policy 1.5.1 The City shall continue to offer water 
conservation education and information to 
residential and non-residential customers 
through its Energy/Water Survey Program. 

PW&WWE Polciy 1.5.6 The City shall continue to offer free water 
conservation information as part of at least 
one utility billing statement per year. 

Source: Gainesville Comprehensive Plan as last revised on September 22, 2003 
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APPENDIX B 
SUMMARY OF POLICIES IN GAINESVILLE’S LAND DEVELOPMENT REGULATIONS 

Table B-1.  Article VII, Development Review Process, Division 3, Wellfield Protection Special Use Permit from the City 
of Gainesville, FL Land Development Regulations 

Section Description 
Sec. 30-201.  Permit 
required. 

Within the primary, secondary and tertiary wellfield protection (management) zones of 
Alachua County, all new development and existing development that will intensify, 
expand or modify a use directly associated with the storage of hazardous materials, 
except for uses allowed within the residential zoning districts as provided in section 30-
41(a)(1) and uses exempted under section 30-202 (hereinafter "exempt use"), shall be 
required to obtain a wellfield protection permit, or a wellfield protection special use 
permit, whichever is applicable, as issued by the city commission or city manager or 
designee, as provided herein. In addition, all existing development which requires any 
level of development plan review for expansion or changes at a site shall be required to 
obtain a wellfield protection permit, or a wellfield protection special use permit, unless 
the development is an exempt use. 
(a)   The standards and requirements of this division shall apply to all properties located 
in the wellfield protection management zones. Properties that may only be partially 
located in a wellfield protection management zone shall be treated as if the entire 
property is located completely within the wellfield protection management zone. 
(b)   The primary, secondary, and tertiary wellfield protection zones are those zones 
delineated on the Murphree Wellfield Protection management zones map on file with 
the department of community development. 
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Table B-1.  Continued 
Section Description 
Sec. 30-202.  Exemptions. (a)   Any proposed uses or development associated with the Murphree Water 

Treatment Plant, or electric transmission and distribution systems or generally the 
provision of utility service by a government-owned utility shall be exempt from the 
wellfield protection permit and wellfield protection special use permit requirements. 
(b)   Exemptions from the permit requirements shall be allowed for uses and 
developments that meet the following criteria, except for specially regulated industrial 
uses allowed by special use permit in section 30-70(c)(2): 
(1)   There is no manufacture, storage, use, or sale of hazardous materials at the site or 
development as defined and regulated in the Alachua County Hazardous Materials 
Management Code, other than hazardous materials excluded from the provisions of the 
Hazardous Materials Management Code, as may be amended from time to time. 
(2)   The project is part of an environmental cleanup or facility upgrade that is required 
by a local, state or federal environmental agency, and the project is in compliance with 
the Alachua County Hazardous Management Materials Code and all other applicable 
state and federal regulations. 

Sec. 30-202.  Exemptions. (3)   Redevelopment of an existing site that may manufacture, store, use, or sell 
hazardous materials at the site or development as defined and regulated in the Alachua 
County Hazardous Materials Management Code, but where the actual development 
project will not involve hazardous materials other than those associated with similar 
construction projects, and the project is in compliance with the Alachua County 
Hazardous Materials Management Code and all other applicable state and federal 
regulations. 
(c)   "Hazardous material" shall be as defined in the Alachua County Hazardous 
Materials Management Code. 
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Table B-1.  Continued 
Section Description 
Sec. 30-203.  Criteria for 
issuance. 

(a)   Wellfield protection permit.  After an assessment by appropriate Gainesville 
Regional Utilities, Alachua County Environmental, public works and community 
development staff, the city manager or designee may approve and issue a wellfield 
protection permit in the tertiary and secondary zones in accordance with Article VII, 
Development Review Process, based on the following findings:   
(1)   That the proposed use or development will not endanger the city's potable water 
supply. 
(2)   That necessary public utilities are available to the proposed site and have 
adequate capacity to service the proposed use and development. The development 
must be connected to the potable water and wastewater system. 
(3)   That the use or development conforms to the city's comprehensive plan. 
(4)   That the proposed use complies with all federal, state and local laws, rules, 
regulations, and ordinances now and hereafter in force which may be applicable to the 
use of the site. 
(5)   That there has been proper abandonment, as regulated by the relevant water 
management district or state agency, of any unused wells or existing septic tanks at the 
site. An existing septic tank may remain if it is used solely for domestic waste and if it 
meets all applicable state and local regulations. 
(6)   That the use is not listed as a use subject to the specially regulated industry use 
provisions in section 30-70. 
(7)   There is no current or proposed underground storage of petroleum products and/or 
hazardous materials, as defined in the Alachua County Hazardous Materials 
Management Code, at the development site. 
(8)   That the applicant is in compliance with the requirements of the Alachua County 
Hazardous Materials Management Code, and all applicable state and federal 
regulations. 
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Table B-1.  Continued 
Section Description 
Sec. 30-203.  Criteria for 
issuance. 

(b)   Wellfield protection special use permit.     
(1)   Development in the secondary zone and tertiary zone that cannot be exempt under 
section 30-202 or approved by city manager or designee under section 30-203 must 
apply for a wellfield protection special use permit in accordance with section 30-204. 
The development or use shall be reviewed using the following criteria: 
a.   Whether criteria (1) through (5) and (8), listed in subsection 30-203(a), have been 
complied with; and 
b.   Whether the development properly addresses environmental features such as 
wetlands, creeks, lakes, sinkholes and soils to ensure that hazardous materials will not 
endanger the potable water supply and the environmental features; and 
c.   Whether the criteria listed in section 30-233 have been met. 
(2)   Development in the primary zone. No use involving hazardous materials shall be 
allowed in this zone, except for uses or development associated with the Murphree 
Water Treatment Plant, or electric transmission and distribution systems or generally 
the provision of utility service by a government-owned utility. All other uses shall obtain 
a wellfield protection special use permit and meet the criteria in subsection 30-203(b), 
above, and section 30-233. 

Source: Gainesville, FL Land Development Regulations 
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APPENDIX C 
SUMMARY OF POLICIES IN ALACHUA COUNTY’S LAND DEVELOPMENT REGULATIONS 

 

Table C-1.  Chapter 355, Murphree Well Field Management Code: Relevant sections of Alachua County Land Development 
Regulations 

Section Description 
Sec. 355.05.  Designation of 
administrative department 

The Alachua County Environmental Protection Department is designated as the county agency 
responsible for the administration and enforcement of this chapter. 

Sec. 355.07.  Wellfield 
protection zone delineation 

The geographic extent of the primary, secondary, and tertiary wellfield protection zones are 
delineated on the map titled Murphree Wellfield Protection Zones, attached hereto as exhibit A, 
which is hereby adopted and made a part of this title. The zones shown on this map roughly 
approximate modeled travel times. Exhibit A serves as the reference for the extent of these zones 
and is on file at the offices of the department, City of Gainesville, Gainesville Regional Utilities, 
and the Alachua County Property Appraiser and Departments of Public Works and Growth 
Management. 

Sec. 355.08.  Wellfield 
protection zone 
requirements 

Requirements that apply to each wellfield protection zone are presented below, in order of 
increasing restrictiveness by zone. Requirements for the tertiary wellfield protection zone are 
generally applicable to all wellfield protection zones. Requirements for the primary wellfield 
protection zone are most restrictive, and incorporate restrictions of both the tertiary and 
secondary wellfield protection zones. 
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Table C-1.  Continued 
Section Description 
Sec. 355.08.  Wellfield 
protection zone 
requirements 

(1)   Tertiary wellfield protection zone.     
a. New landfills, as defined by Chapter 62-701, FAC, and filling regulated pursuant to section 
393.13 of the Alachua County Unified Land Development Code are prohibited. 
b. New excavations and mining activities that require a special use permit pursuant to sections 
352.06 or 393.13 of the Alachua County Unified Land Development Code are prohibited. 
Exceptions may be granted by the department if the applicant can demonstrate no environmental 
impacts will occur as a result of the excavation. If an exception is allowed by the department, a 
special use permit will be required. 
c. Filling of any existing or newly developed sinkholes or other solution features shall require 
written approval by the department. Should that approval be granted, the filling shall be 
scheduled so that a department representative shall have the option of observing the procedure. 
No filling that violates federal, state, or local wetland or surface water regulations shall be 
allowed. 
d. Agricultural operations shall conform to the latest version of the Florida Department of 
Agriculture and Consumer Services and FDEP Best Management Practices for Agrichemical 
Handling and Farm Equipment Maintenance. Silvicultural operations shall, in addition, conform to 
the Florida Department of Agriculture and Consumer Services Silviculture Best Management 
Practices, 1993 or such later editions as may be in effect. Alternative best management practices 
that are at least as protective may be substituted with prior written approval by the Alachua 
County Environmental Protection Department. 
e. Existing wells posing a threat to groundwater quality, as determined by the department, shall 
be properly abandoned or repaired as set forth in section 355.09(a)(2), "existing wells." Wells 
allowed to remain shall meet the requirements which are set forth in section 355.09(a)(3), 
"Existing wells." 
f. No new wells shall be constructed in the surficial, intermediate, or Floridan aquifer system, 
except as set forth in section 355.09(b), "New wells." 
g. All new and existing wells shall be registered, as set forth in section 355.10, "Well and 
nonresidential septic tank system registration." 
h. A hazardous materials storage license shall be required for regulated storage facilities with 
nonresidential septic tanks or wells, as set forth in section 355.11, "Hazardous material storage 
license." 
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Table C-1.  Continued 
Section Description 
Sec. 355.08.  Wellfield 
protection zone 
requirements 

(2)   Secondary wellfield protection zone.     
a.   No new underground storage of hazardous materials shall be allowed, except vehicular fuel 
storage subject to F.S. § 376.317. 
b.   A variance approval shall be required for the temporary storage, not to exceed 180 days, of 
hazardous materials in containers or tanks exceeding 50 gallons aggregate volume for use in 
normal agricultural or silvicultural operations, and in construction activities. The variance 
procedure shall consist of application to the department for the proposed activity requiring 
temporary hazardous material storage. The application shall be made as prescribed by the 
department and shall include details of the proposed activity, a schedule of activity, types and 
quantities of hazardous materials to be stored, and a plan for monitoring and remedial action, 
where necessary, as determined by the department. Within 21 days following receipt of a 
complete application for variance, the department shall approve, approve with conditions, or deny 
the application. If the applicant chooses to appeal a decision by the department, procedures set 
forth in section 355.14 "Violations; enforcement; remedies," shall be followed. 
c.   A hazardous materials storage license shall be required for all regulated storage facilities, as 
set forth in section 355.11, "Hazardous materials storage license." 
d.   All nonresidential septic tank systems shall be registered, as set forth in section 355.10, "Well 
and nonresidential septic tank registration." 
e.   The provisions of section 355.08(1), "Tertiary wellfield protection zone," shall apply. 
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Table C-1.  Continued 
Section Description 
Sec. 355.08.  Wellfield 
protection zone 
requirements 

(3)   Primary wellfield protection zone.     
a.   No new uses of land which require or involve storage, use, or manufacture of hazardous 
materials are allowed. 
b.   No new domestic or industrial waste water treatment facilities are allowed. 
c.   No new septic tank systems are allowed. Exceptions may be considered by the department 
where the cost of connection to a public wastewater utility would impose an economic hardship, 
where a septic tank is used as part of a STEP system to discharge wastewater to a public utility, 
or where an advanced treatment technology approved by the department is used. 
d.   No transportation of hazardous materials cargo shall be allowed, except local traffic serving 
facilities within the primary wellfield protection zone. 
e.   The provisions of section 355.08(2), "Secondary wellfield protection zone," shall apply. 
f.   The Murphree Wellfield and the Murphree Water Treatment Plant, as they currently exist, and 
expansions in direct support of water supply and treatment plant operations are exempt from the 
prohibitions in this section. 

Source: Alachua County Land Development Regulations 
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APPENDIX D 
SUMMARY OF ZWOLLE’S ENVIRONMENTAL VISION POLICIES 

 

 

Table D-1.  Key concepts of the environmental vision of the province of Overijssel 
Concept Description 
Precautionary 
Principle 

All activities that may be risky to groundwater quality are prohibited as a precaution and are allowed under (strict) 
conditions. The precautionary principle is the starting point of provincial policies for the protection of groundwater for 
public drinking water supply, particularly the regulatory component. Our proposal is for the precautionary principle, 
especially in regulation, since it is risk oriented. In this way, the precautionary principle is effectively implemented. 

Risk 
Assessments 

In the risk-the risk of contamination regarded as a combination of the probability of pollution and the effect of 
(unavoidable) contaminants. In assessing the actual risks must take into account site-specific circumstances (inter 
alia soil structure, origin and residence time of the extracted water) and the vulnerability of areas. For larger risks are 
more protective measures should be taken. Small, negligible risks are acceptable. New Features  
with a higher risk should preferably be placed in places less vulnerable to contamination, For example, because 
protective layers in the substrate or because a long residence time before the pollution reaches the extraction. In a 
long residence time allows timely actions to take certain contaminants and degraded or diluted before the 
groundwater reached. Condition for applying a risk based approach is that adequate information available on the 
vulnerability of gas and protection and the effectiveness of measures. We will examine what information this is 
required. A risk based approach leads to an effective deployment of tools and more effective protection. 

Stand-Still 
Principle 

New features should not increase the risk of contamination of groundwater (and deterioration of groundwater) 

Source: Environmental Vision of the Province of Overijssel 2009 
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Table D-2.  Elements related to GPA and GEA from the environmental vision of the province of Overijssel 
Section Description 
Groundwater 
Protection Features 

Groundwater protection is centered on promoting harmonizing functions and excluding risky functions 
(prevention and precautionary principle).   
Harmonizing functions that work well with drinking water can be thought of as: 
• extensive agriculture, including farm management and organic agriculture;  
• extensive recreation;  
• landscape, nature and forestry;  
• new estates and country.  
Under conditions these activities can occur near urban areas:  
• golf courses and sports fields;  
• small holiday resort;  
• office and educational sites.  

Groundwater 
Protection Features 

Risky Activities / functions  
The following new features are, given the risks, undesirable in groundwater protection areas and are 
therefore excluded in both large and widespread form of:  
• housing (more than 10 or 100 Properties);  
• urban (shopping, catering companies, trade and services);  
• roads (including parking lots, transferia) railways (including yards) and waterways (including ports);  
• industrial sites;  
• piping for gas, oil (products) or chemicals;  
• New sewage treatment plants 
This classification of desired and unwanted features is partly based on the report: "Function interweaving 
Durable and water collection, Reflect: determination of risk of groundwater abstraction functions "of 
KIWA (1999). In this report, the risks to groundwater appears to be from 30 land functions.  
The above functions can be permitted under the following conditions:  
• substantial public interest;  
• no reasonable alternative sites;  
• there is a balance or improvement in the protection in the ground or in the aggregate groundwater 
protection area or through compliance with the step forward principle. 
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Table D-2. Continued 
Section Description 
Groundwater 
Protection Features 

The full adherence to the requirement of a substantial public interest and the lack of reasonable 
alternatives often leads to new functions not being allowed. This limitation in applications is not justified 
in situations where often traditionally: 
- Urban functions in groundwater protection zones are existent or the range changes, a lack of measures 
could bring a certain risk to groundwater.  
In such a situation, new urban functions are permitted provided that:  
• from the perspective of good spatial planning it is required (eg. in terms of unlocking and/or protection 
of nature and landscape) to choose a new location;  
• The new functions do not pose additional risk (standstill), in which new situations secure and/or 
guarantee the standstill principle by reducing effects on site or nearby.  
In areas without urban features ( "clean" areas) and in protection around vulnerable extraction areas, 
requirements of substantial public interest and the lack of suitable alternative locations, apply. In those 
areas, the precautionary principle in its full extent is maintained.  In this context, housing is a weighty 
social issue and interest and housing means urban areas. For certain categories of new business that 
includes risky companies in groundwater protection areas, the provincial regulation includes in a ban. 
Examples include intensive livestock farms and landfill sites.  These companies may not be formed in a 
groundwater protection zone, the environmental permit should be denied.  
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Table D-2. Continued 
Section Description 
Retractable Areas Features of retractable areas:  

The retractable areas adhere to the planning regime of a similar (but slightly less stringent) 
precautionary principle as in groundwater protection. The differences are higher in the (environmental) 
regulations. These regulations have only to do with groundwater protection. Land uses that function well 
and relate to drinking water are promoted, especially in the highly sensitive extraction. New scale risk 
features (eg scale housing and holiday resort) are as much as possible to be excluded, but under 
conditions allowed. It must be shown that the new feature is of substantial civil importance and that there 
are no suitable alternative sites.  
Simultaneously the step-forward principle must be applied. For functions in large urban areas that 
already exist, some nuances about what changes of groundwater functions protection is stated. For 
high-risk uses, the standstill principle is applied. These include, among others, intensive livestock farms. 
This means that new establishment of intensive livestock farms must prove how it can stimulate and 
improve the situation for drinking water. 

Changes in 
Function 

Protection is the cornerstone of the precautionary principle. 
This means that high-risk activities and functions in principle are to be excluded.  
When situation changes arise, it will in all cases try to prevent the situation, in order to protect 
groundwater deterioration (stand-still principle). Where possible, any change should aim for an 
improvement (step-forward principle). At risk activities/functions requires the use of the step forward 
principle. A step is put forward to assess whether the new destination/function is less risky to the quality 
of groundwater than the existing destination/function. To achieve a step-forward, reducing (mitigating) 
measures are necessary, preferably on site or else nearby. The stand-still or move forward principles 
must be demonstrated in the water section of the zoning. Larger scale and risk-associated activities are 
excluded on principle or are only exceptionally allowed and under certain conditions. The conditions 
include that there is a substantial social interest and that reasonable alternatives outside the protection 
area is unavailable. This depends on the specific local situation and each case should be assessed 
separately.  In addition, a step forward is made, preferably by taking effect of reducing local action on 
site or nearby. If the effects on spot can be reduced sufficiently, compensation is permitted at area level 
(by functions through the balance of a trade-off approach). In that case, the step-forward are shown in a 
regional vision. The regional vision is concerned with the water test. 

Source: Environmental Vision of the Province of Overijssel 2009 
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APPENDIX E 
SURVEY 

Wellfield Location 
 

1. Approximately how far is the wellfield located from the municipality’s 
geographic center? 

2. Have agreements about wellfield area protection been implemented 
successfully within the last ten years?  In other words, have locations of 
wellfields and water recharge areas been moved or displaced because of a 
neighboring land use?  (If the answer is yes please answer question 3, if no 
please answer question 4).   

3. What government or non-government agency brought about successful 
implementation? 

4. What has prevented these agreements from being implemented successfully? 
 
Government Agency Interaction 
 

1. Which government agencies cooperate most frequently to implement policies 
regarding wellfield protection? 

2. At what frequency do these communications take place? 
3. Are these communications helpful and productive? 
4. How are or aren’t these communications productive? 

 
Wellfield and Water Recharge Policy Elements 

1. Please mark the element(s) that the wellfield or water recharge area protection 
policy regarding your specific municipality contains: 

a. Public education about importance of water recharge and wellfield 
protection policies 

b. Infill development of municipality to discourage sprawl 
c. Maximization of use of water supply facilities 
d. Urban runoff treatment facilities or management strategies 
e. Require a density of new development adjacent to existing development 
f. Developing standards for water quality 
g. A independent agency, perhaps a regulatory agency, that makes sure that 

wellfield policies are implemented correctly. 
h. Identify potential pollutants and their sources 
i. Mapping zones of influence around wellfield 
j. Strategies that minimize contamination from surrounding land uses onto 

wellfield 
k. Other(please explain): _________________________________________ 

___________________________________________________________ 
  
Assessment of Wellfield Protection Policy 
 

1. What is the greatest threat to your municipality’s wellfield? 



 

2. What techniques are most successful in limiting urbanization or other harmful 
land uses near the wellfield? 

3. What method, policy, or other type of control do you believe would provide 
more effective protection of your municipality’s wellfield? 

4. What other types of improvements would help with policy implementation? 
5. What social, political, economical, or other factor would benefit wellfield 

protection policy? 
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