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INTRODUCTION. The 1996 Amendments to the 
Safe Drinking Water Act establish a program for 
states to assess the drinking water source for all 
public water systems. Ohio’s Source Water 
Assessment and Protection Program is designed 
to help public water systems protect their sources 
of drinking water from becoming contaminated.  
This assessment: 
 

 identifies the drinking water source protection 
area, based on the area that supplies water to 
the well(s); 

 

 inventories the potential contaminant sources 
in the area; 

 

 evaluates the susceptibility of the drinking 
water source to contamination; and  

 

 recommends protective strategies.   
 
The purpose of the assessment is to provide 
information that the Village of Pemberville can use 
to help protect its source of drinking water from 
contamination.  
 
SYSTEM DESCRIPTION & GEOLOGY.  The 
Village of Pemberville is a community public water 
system serving 1300 people.  This system 
operates 8 wells in 3 separate well fields that 
pump approximately 150,000 gallons of water per 
day from a carbonate bedrock aquifer (water-rich 
zone) that is located in a potential karst region.  
Ohio’s potential karst regions are carbonate 
aquifers that are covered by less than 25 feet of 
glacial material and typically exhibit surficial karst 
features, such as sinkholes.  A map of the 
potential karst regions in Ohio is presented in 
Figure 3.  The aquifer is covered by less than 10 
feet of low-permeability material, which provides 
minimal protection from contamination. Depth to 
water in this aquifer is less than 20 feet below the 
ground surface.  
 
 

Soils in the area are clay loam to loam which are       
poorly drained to very poorly drained, meaning 
that much of the rainfall and snowmelt will not 
infiltrate into the soil, instead it will run off or pond.  
The topography is generally flat with a low relief.  
Ground water in this area is replenished by the 
gradual flow of water underground from higher to 
lower elevations and by approximately 6 inches 
per year of precipitation that infiltrates through the 
soil.  In northwest Ohio the regional ground water 
flow direction is primarily towards Lake.   In karst 
settings, however, local flow direction is highly 
variable and is influenced by fracture orientation.  
Since detailed information on local fracture 
orientation is unavailable, flow direction cannot be 
accurately determined. 
 
PROTECTION AREA.  The protection area for 
Pemberville was revised on January 25, 2010 and 
is depicted in Figure 1.  This figure shows two 
areas, one inside the other.  The “inner protection 
zone” is located closer to the water supply wells 
and a chemical spill in this zone poses a greater 
threat to the drinking water, so this area warrants 
more stringent protection.   The “outer protection 
zone” is the additional area that contributes water 
to pumped wells within a longer time frame.  
Together, they comprise the drinking water source 
protection area.    
 
Delineation Method 
A variety of methods can be used to determine a 
public water system’s drinking water source 
protection area, from simple equations to more 
complex computer modeling programs.  In karst 
areas the use of modeling programs to determine 
protection areas is inappropriate because 
modeling programs assume that water is flowing 
slowly through grains of silt and sand.  Also, 
modeling programs require a good understanding 
of the ground water flow direction to produce an 
accurate protection area.  In karst areas water can 
flow quickly through discrete fractures in solid rock 
and the ground water flow direction is often 
variable.   
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For these reasons, Ohio EPA conducted three 
dye trace investigations in Ohio’s northern karst 
aquifers.  The dye traces helped Ohio EPA better 
understand how quickly water can travel in the 
karst areas and define more appropriate 
protection areas in karst aquifers.  Data from two 
dye traces conducted east of Pemberville in the 
Village of Gibsonburg indicate that ground water 
flow velocity in the regional carbonate aquifer 
ranges from 3,500 - 8,600 feet per day.  These 
are some of the fastest ground water flow rates 
ever measured in the state.  Given this, a regional 
hydrogeologic mapping approach was used to 
delineate Pemberville’s outer protection area.  
This approach utilizes flow and recharge 
boundaries and divides, including quarries, 
streams oriented along fractures, watershed or 
other topographic divides, and geologic 
boundaries (for example, a transition from 
carbonate to shale bedrock).  Sinkholes are also 
identified and land draining to sinkholes may be 
incorporated into the protection area, if 
appropriate.    
 
Ohio EPA typically uses the volumetric circle 
equation to define a public water system’s inner 
protection area.  Since well pumping has a 
stronger effect on water levels in proximity to the 
wells, the radial flow assumption is acceptable for 
an inner protection zone.  Input parameters 
include the public water system’s 650,000 gallons 
per day plant capacity, 206 feet average aquifer 
thickness, 3% porosity and a five year travel time.   
 
Since the inner protection zone does not account 
for the fast flow rates measured in dye traces, it 
was expanded based on hydrogeologic mapping 
to create an outer protection zone.  To define the 
outer protection zone, the area was extended 
approximately four and one half miles up-gradient 
until it reached Yankey Creek (a perennial 
tributary to the North Branch of the Portage 
River), the Middle Branch of the Portage River, 
and a minor topographic divide that defines the 
hydrologic unit code 11 watershed boundary.  
Both streams roughly follow the northeasterly 
trending primary fracture orientation observed in 
this aquifer. 
   
Additional Delineation Information 
If you would like to have more information about 
how this protection area was derived, or if you 
would like to collect additional information and 
revise your protection area, please call Ohio EPA 

staff listed at the end of this report.  A more 
detailed discussion of the technical aspects of 
modeling drinking water source protection areas 
can be found in the Delineation Guidelines and 
Process Manual (Ohio EPA, 2007) on Ohio EPA’s 
Source Water Assessment and Protection Web 
page 
(www.epa.state.oh.us/ddagw/pdu/swap.html). 
 
INVENTORY.  On August 14, 2002, an inventory 
of potential contaminant sources located within 
the drinking water source protection area was 
conducted by Ohio EPA with the assistance of the 
Village of Pemberville personnel (Figures 1 & 2).  
Table 1 provides additional information about 
these types of potential contaminant sources.   
 
A facility or activity is listed as a potential 
contaminant source if it has the potential to 
release a contaminant, based on the kinds and 
amounts of chemicals typically associated with 
that type of facility or activity.  It is beyond the 
scope of this assessment to determine whether 
any specific potential source is actually releasing 
(or has released) a contaminant to ground water.  
Also, the inventory is limited to what staff were 
able to observe on the day of the site visit.  
Therefore, the Village of Pemberville staff should 
be alert to the possible presence of potential 
sources of contamination that are not on this list.   
 
GROUND WATER QUALITY.  A review of the 
Village of Pemberville’s water quality record 
currently available in Ohio EPA’s drinking water 
compliance database did not reveal any evidence 
of chemical contamination at levels of concern in 
the aquifer.  
 
Please note that this water quality evaluation has 
some limitations:  
1) The data evaluated is for treated water samples 

only, as Ohio EPA’s quality requirements are 
for the water being provided to the public, not 
the water before treatment.  

 
2)  Sampling results for coliform bacteria and 

naturally-occurring inorganics (other than 
arsenic) were not evaluated for this 
assessment, because they are not a reliable 
indicator of aquifer contamination. 

 
Current information on the quality of the treated 
water supplied by the Village of Pemberville’s 
Public Water System is available in the Consumer 
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Confidence Report for the system, which is 
distributed annually.  It reports on detected 
contaminants and any associated health risks 
from data collected during the past five years.  
Consumer Confidence Reports are available from 
the Village of Pemberville. 
 
SUSCEPTIBILITY ANALYSIS.  This assessment 
indicates that the Village of Pemberville’s source 
of drinking water has a high susceptibility to 
contamination because: 
 

 The well is located in a sensitive karst area; 

 the shallow depth (less than 25 feet below 
ground surface) of the aquifer, 

 The shallow well casing depth (25 feet) 

 Potential contaminant sources exist within the 
protection area.  

 
This does not mean that the aquifer will become 
contaminated, only that under the existing 
conditions ground water could become impacted 
by potential contaminant sources. 
 
PROTECTIVE STRATEGIES.  Protective 
strategies are activities that help protect a drinking 
water source from becoming contaminated.   
Implementing these activities benefits the 
community by helping to:   
 
1.  Protect the community’s investment in its water 
supply. 
 
2.  Protect the health of the community residents 
by preventing contamination of its drinking water 
source. 
 
3.  Support the continued economic growth of a 
community by meeting its water supply needs. 
 
4.  Preserve the ground water resource for future 
generations. 
 
5.  Reduce regulatory monitoring costs.  
 

Ohio EPA encourages the Village of Pemberville 
to develop and implement an effective Drinking 
Water Source Protection Plan.  The plan can be 
developed from the information provided in this 
Drinking Water Source Assessment Report.  The 
potential contaminant source inventory provides a 
list of facilities or activities to focus on.  Table 1 
lists protective strategies that are appropriate for 
the kinds of facilities/activities listed in the 
inventory.  Finally, a document titled Developing 
Local Drinking Water Source Protection Plans in 
Ohio can be found at the Source Water 
Assessment and Protection Program website: 
http://www.epa.ohio.gov/ddagw/swap.aspx.  This 
document offers comprehensive guidance for 
developing and implementing a municipal Drinking 
Water Source Protection Plan.  Ongoing 
implementation of the plan will help protect the 
Village of Pemberville's valuable drinking water 
resources for current and future generations. 
 
For further technical assistance on drinking water 
source protection, please contact the Ohio EPA, 
Northwest District Office at (419) 352-8461 or toll 
free at (800) 686-6930, or visit the Ohio EPA 
Source Water Assessment and Protection Web 
page at:  
www.epa.ohio.gov/ddagw/swap.aspx. 
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         Figure 3  Regional Potential Karst Area 


