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 ABSTRACT 
 
A ground water investigation of the carbonate bedrock aquifer was initiated in May 2011 by the 
ODNR Division of Soil and Water Resources at the request of local home owners in Ottawa 
County, Harris Township Ohio. The purpose of the investigation was to evaluate the impact of 
high-yielding irrigation wells on ground water levels in the nearby domestic water supply wells. 
 
Previous work completed in this area confirms that the carbonate bedrock aquifer of 
northwestern Ohio contains a number of flow zones.  The well completion diagram for the 
Luckey homestead farm well shows the extent to which the flow zones occur in the subsurface.  
Drilling data shows that the carbonate bedrock aquifer is anisotropic and heterogeneous in its 
configuration.  This gives rise to a number of concerns that need to be considered before long-
term pumping rates can be accurately calculated and the data used to design water supply 
systems. 
 
Pumping test data shows that the transmissivity of the aquifer is not uniform throughout the 
aquifer.  It can vary both in the vertical and horizontal directions and may vary over short 
distances within the carbonate bedrock aquifer when there are significant variations in 
permeability as well as fracturing.  This helps to explain major changes in yield over short 
distances in both the vertical and horizontal directions. 
 
Field data obtained for this project shows that the pumping of the high-yielding water wells can 
have an impact on the local water supply wells.  The degree of impact depends on the location 
of the water well relative to the pumping center and the pumping rate.  It also depends on the 
flow zone from which the water well produces.  A deeper high-yielding well can impact water 
supply wells completed in the upper flow zone in the carbonate bedrock aquifer. 
 
To fully define the hydraulic conditions for each of the high-yielding wells, it is recommended 
that each high-yielding well owner undertake a hydrogeological assessment to evaluate the 
impacts from pumping these wells on the surrounding water supply wells.  

Based on the results of the hydrogeological assessment, the owner of the high-yielding well 
should prepare a report that fully defines the aquifer characteristics along with a ground water 
pumping and monitoring plan to show how the operator will prevent dewatering of nearby 
domestic water supply wells. A mitigation plan should be developed in the event that local 
domestic water supply wells are affected by pumping of the high-yielding water well. 

In accordance with 1521.16, each high-yielding water supply well owner must register their 
facility and report the ground water usage to the ODNR Division of Soil and Water Resources as 
appropriate.  
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1.0 Introduction 

Over the past six year’s (2005 to 2011) farmers in northwestern Ohio, and in particular Ottawa 
County, Harris Township, installed high-yielding water wells to provide water needed to irrigate 
their tomato crops.  Shortly after the wells went into operation, the local homeowners began to 
complain that the water levels in their water wells were declining.  In some cases the 
homeowners lowered their well pumps, deepened their water wells, or drilled a new well to 
insure an adequate water supply for their domestic water needs. 

In response to the request of the local homeowners for assistance, the Ohio Department of 
Natural Resources – Division of Soil and Water Resources (ODNR-DSWR) met with the 
homeowners to discuss the possible impacts that the pumping of the high-yielding irrigation 
wells could have on regional or local ground water levels.  As a result, the ODNR-DSWR agreed 
to conduct an investigation to determine the impact that the irrigation wells were having on local 
domestic water supply wells. 

 

1.1 SITE LOCATION AND SETTING 

Figure 1 is a general site location map that shows the location of the study area in northwestern 
Ohio.  Figure 2 shows the location of the study area relative to important geographic features.  
Major communities in the area are the village of Elmore to the south, Genoa to the northwest 
and Woodville to the southwest. 

Topographically, the area is characterized by a generally flat, gently rolling appearance.  
Surface elevation across the area ranges from 620 feet to 600 feet above mean sea level, 
giving the area a topographic relief of 20 feet.  

Physiographically, the study area is located in the Huron-Erie Lake Plains Section of the Central 
Lowland Province (Brockman, 1998).  Surface water drainage is part of the Cedar-Portage sub-
basin of the Western Lake Erie sub-region of the Lake Erie watershed.  Surface water drainage 
has a typical dendritic drainage pattern.  The surface water runoff in the study area is controlled 
by the Portage River that flows from the southwest toward the northeast and discharges to Lake 
Erie. 

Land use in the area is dominated by agricultural activity with some minor urban and industrial 
development.  Domestic home development has occurred mostly along road frontage along 
farm roads that cross the area. 
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1.2 PURPOSE AND SCOPE OF WORK 

The ODNR-DSWR has the authority to collect data to help resolve conflicts between ground 
water users by conducting technical investigations and preparing related reports to help all 
ground water users understand the impacts to the resource. 

In areas where ground water withdrawals are exceeding natural recharge, the Division can 
designate ground water stress areas with special reporting requirements for all ground water 
users.  The Division can hold public meetings or hearings upon request from local governments 
and boards to help disseminate ground water information in conflict areas. 

The purpose of this project is to investigate what impact the high-yielding irrigation wells may 
have on the ground water levels in nearby water supply wells. The ODNR-DSWR will assess 
the validity of allegations made by local homeowners that the irrigation wells are exceeding 
reasonable ground water withdrawal rates from the carbonate bedrock aquifer, resulting in the 
dewatering of the domestic water supply wells. 

The scope of work for the project was as follows: 

• Review the previous work regarding the hydrogeology of the carbonate aquifer in 
northwest Ohio near Ottawa County, Harris Township  

• Review the well construction and well completion details for the high-yielding wells 

• Review the well construction and well completion details for domestic water wells in 
Ottawa County, Harris Township 

• Implement a field investigation to monitor water levels in the high-yielding water wells 
and select water wells in the area 

• Analyze the data to determine the impact of pumping the high-yielding water wells may 
have on the ground water levels in the nearby domestic wells 

• Write a report summarizing the conclusions and recommendations obtained from the 
study to assist with a resolution to the ground water conflict caused by the pumping of 
the irrigation wells 
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2.0 PREVIOUS WORK  

2.1 HYDROGEOLOGY OF THE STUDY AREA 

During the late 1960’s, the ODNR- Division of Water implemented a ground water investigation 
to determine the hydraulic characteristics of the carbonate aquifer of northwestern Ohio (ODNR, 
1970).  The area of the study included the Portage, Sandusky and a large part of the Maumee 
River Basins.  The objective of the study was to provide a comprehensive program for the 
development of the water resources that would give maximum support to the growth and 
development of the region.  To define the subsurface hydraulic characteristics of the limestone 
and dolomites that compose the carbonate bedrock aquifer, 76 wells were drilled into the 
subsurface.  The study of the carbonate bedrock aquifer system was done as follows: 

(1) The lithology of each well was logged 

(2) A 2-hour trial pump test was implemented 

(3) A step test was run to determine well loss and depth of water yielding zones 

(4) A constant rate 24-hour pumping test was implemented to determine carbonate aquifer 
hydraulic characteristics  

Geologically, the bedrock stratigraphic sequence under the study area consists of the Silurian-
age Lockport Dolomite and Tymochtee and Greenfield Dolomites (Slucher et al., 2006).  The 
structure of the bedrock is controlled by the Findlay Arch which runs directly through the study 
area.  The Findlay Arch separates the bedrock sediments of the Michigan Basin from the 
Appalachian Basin.  Hydrogeologically, the ground water yields from the carbonate bedrock 
aquifer generally range from 25 to 500 gpm with some individual wells producing over 500 gpm 
(Figure 3). 

The carbonate bedrock is overlain by unconsolidated glacial ground moraine and lake bed 
sediments of varying thickness as shown on Figure 4.  These unconsolidated glacial and lake 
bed sediments yield less than 5 gpm to drilled wells; for that reason, glacial sediments are not 
generally used as a water source in the study area.  Higher yields of 5-25 gpm can be obtained 
from the unconsolidated alluvial sediments along the Portage River. 

Net ground water recharge rates through the glacial ground moraine and lake bed sediment are 
estimated to be in the range of 2 to 4 inches per year (Smith, 1994).  The recharge occurs in 
areas where the glacial till is thin or where it contains sand and gravel deposits.  Otherwise, the 
glacial till acts as a confining unit in areas that contain thick clay deposits. 
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It was further noted that the carbonate aquifers in karst terrain are seldom homogenous and 
need to be interpreted with caution (White and White, 1989 and Eagon and Johe, 1972). As a 
result, the following characteristics of the carbonate aquifer need to be considered: 

(1) The permeability of carbonate aquifers are generally derived from secondary porosity 
and permeability associated with joints, fractures and solution channels in the bedrock 

(2) The fractures can be connected both vertically and horizontally in ways that are hard to 
predict 

(3) The occurrence and movement of ground water seldom approach that associated with 
homogeneous and isotropic aquifer systems 

(4) The carbonate aquifer in Ohio is covered by a layer of glacial ground moraine of varying 
thickness containing a random mixture of boulder, cobble, gravel, sand, silt and clay-size 
sediments that were deposited as the glacial ice melted 

(5) Much of the recharge to the underlying carbonate bedrock aquifer is derived from 
vertical leakage through the overlying unconsolidated glacial sediments 

A number of flow zones in the carbonate bedrock were detected in each of the wells drilled 
during the northwest Ohio study.  The flow zones were an indication of the degree of jointing, 
fracturing and solutioning in the carbonate sequence encountered in each drilled well.  The 
number of fractures encountered in individual wells could vary from zero up to 10 or more.  
Ground water yields increased with depth as fracture zones were encountered while drilling the 
individual water wells (Eagon and Johe, 1972). 

During individual pumping tests, it was discovered that the upper water-bearing zones could be 
dewatered, which affected the pumping test results.  As the upper water-bearing flow zones 
were dewatered, the water level in the pumping well would drop substantially.  Further, any 
additional water pumped from the well was obtained from the lower water-bearing flow zones.  
An erroneously optimistic prediction of ground water yield from individual wells resulted by not 
accounting for the drop in water level in the pumping well and the increased well loss due to 
dewatering of the upper flow zones. 

Use of the step test and pumping test data provided valuable insight for predicting the safe 
pumping level and yield from the carbonate aquifer.  When predicting the safe pumping level 
and yield where dewatering of the upper flow zones occurs, there is no substitute for good step 
test data.  In addition, when regional flow concepts were applied with standard methods, it was 
possible to obtain reasonable values for hydraulic conductivity, pumping water levels, and safe 
yields for the carbonate aquifers (Eagon and Johe, 1972). 
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2.2 REGIONAL GROUND WATER OCCURRENCE AND MOVEMENT 

Figure 5 was developed from the ODNR-DSWR well log database to show the regional ground 
water gradient in the subsurface.  This figure shows that the regional ground water movement in 
the carbonate bedrock aquifer is from the southwest toward the northeast.  The ground water 
elevations vary from 650 to 550 feet above mean sea level.  The ground water discharge is 
toward Lake Erie (Haiker, 2009 and Crist, 2006).  

 

2.3 PUMPING TEST ANALYSIS FOR WELL P-12 LOCATED IN OTTAWA 
COUNTY BENTON TOWNSHIP 

A review of the 1970 ODNR-Division of Water report on the carbonate bedrock aquifer revealed 
that well P-12 was drilled in the study area near the high-yielding water wells.  This well was 
used to evaluate the hydraulic characteristic of the carbonate aquifer in the study area because 
there was no long-term pumping test data available for any of the irrigation wells.  Well P-12 
was drilled to a depth of 360 feet below the land surface and had well construction and yield 
similar to the  irrigation wells (ODNR unpublished data, 1969). 

The location of well P-12 is shown on Figures 5 and 6.  From the unpublished report on well P-
12, a well log, step test, and 24-hour pumping test data were available for the well.  From the 
well log, two flow zones were identified as follows: 

• The upper flow zone was noted at 64 to 65 feet 

• The lower flow zone was noted at 270 to 280 feet 

The step test was run for 6 hours.  Six steps were run at 60 minutes each.  The initial step was 
run at 76 gallons per minute (gpm), with each step increased by approximately 10 gpm.  The 
maximum pumping rate was 126 gpm.  The maximum drawdown in the well was 
approximately145 feet. 

From the step test as well as the pumping test, it was noted that the upper producing zone at 65 
feet could easily be dewatered.  An additional 40 feet of drawdown occurred in the pumping well 
once this zone was dewatered.  If the pumping rate was maintained below 50 gpm, the upper 
water-bearing zone would not have been dewatered and the pumping level would have stayed 
above 65 feet.  It was also noted that the specific capacity of the well declined from 2.04 
gpm/foot of drawdown at a pumping rate of 76 gpm to 0.54 gpm/foot of drawdown when the 
pumping rate was increased to 126 gpm in the last step. 

Based on the results of the step test, the constant rate test was run at 99 gpm for a period of 24 
hours.  The original static water level in the well was 23.94 feet below the land surface.  The 
total drawdown in the well was measured at 99.75 feet.  The specific capacity for the 24-hour 
pumping test was approximately 1.01 gpm/foot of drawdown. 
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Results from the pumping test indicated that the transmissivity was approximately 1600 gallons 
per day per foot.  The storage coefficient for the well was estimated to be 1x10-4.  There were 
three observation wells (OW-1, OW-2 and OW-3) located at varying distances and directions 
from the pumping center that were measured over the 24-hour period to monitor the effects of 
pumping P-12.  The location of the observation wells are also shown on Figure 6. 

In general, it was noted that data from the P-12 pumping test were hard to interpret and the data 
showed very little agreement.  Much of the disagreement in the data resulted from the 
dewatering of the aquifer at 65 feet; also, there was some on-going well development during the 
step test and pumping test.  As a result, the well loss coefficient for the well was hard to 
determine. 

 

2.4 VILLAGE OF WOODVILLE OBSERVATION WELL S-2 GROUND WATER 
LEVEL FLUCTUATIONS 

A review of the historic data for the region showed that the village of Woodville operates a well 
field southwest of the study area. The well field produces water from the carbonate bedrock 
aquifer.  The ODNR-DSWR maintained an observation well (denoted as well S-2) near the 
Woodville water supply wells.  The location of the village of Woodville production wells relative 
to observation well S-2 is shown on Figure 7.  Observation well S-2 is located approximately 
150 feet from the closest production well.  

A study of the historic ground water levels from the S-2 observation well showed that ground 
water level data could be used to evaluate local ground water fluctuations in the carbonate 
bedrock caused by pumping the Woodville water supply wells.  Ground water levels from the S-
2 well would be similar to the effects caused by pumping high-yielding wells on nearby domestic 
water supply wells.  Therefore, the ground water level data from well S-2 could be used to 
evaluate the influence of pumping on ground water levels in nearby water supply wells.  

Figure 8 shows the water level fluctuation in observation well S-2.  Water level data for the well 
are compared to precipitation data from 1990 to June 12, 2007.  These data show that ground 
water levels can vary from approximately 18 to 59 feet below the land surface despite normal 
rain fall amounts.  This indicates that the pumping associated with the Woodville water supply 
wells can have an impact on nearby water wells.  The ground water fluctuation in well S-2 was 
41 feet. 

 

2.5 PUBLIC WATER SUPPLIES IN THE STUDY AREA 

Public water systems (PWS) are regulated by the Ohio Environmental Protection Agency, 
Division of Drinking and Ground Waters (Ohio EPA DDAGW).  A public water system is defined 
as a system that provides water for human consumption to at least 15 service connections or  
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serves an average of at least 25 people for at least 60 days each year.  This includes water 
used for drinking, food preparation, bathing, showering, and washing dishes.  Public water 
systems range in size from large municipalities to small churches and restaurants that rely on a 
single well.  There are three types of public water systems: 

 
Community water systems serve at least 15 service connections used by year-round 
residents or regularly serve at least 25 year-round residents.  Examples include cities, mobile 
home parks, and nursing homes.  

   
Nontransient noncommunity systems serve at least 25 of the same persons over six months 
per year.  Examples include schools, hospitals, and factories.  

   
Transient noncommunity systems serve at least 25 different persons over 60 days per year.  
Examples include campgrounds, restaurants and gas stations.  Drinking water systems 
associated with agricultural migrant labor camps, as defined by the Ohio Department of 
Agriculture, are regulated even though they may not meet the minimum number of people or 
service connections.  

 
Public water systems use either a ground water source or a surface water source, including 
ground water under the direct influence of surface water. In Ohio, approximately 5,340 public 
water systems serve approximately 11.1 million people daily. 

 
Private water systems are regulated by the Ohio Department of Health.  Private water systems 
are households and small businesses that serve fewer than 25 people per day 60 days out of 
the year. 
 
Figure 9 shows the location of the public water supply wells in the study area. These wells are 
as follows: 
 

• Grace Lutheran Church 0002 
• Green Valley Mobile Home Park Well 0001 and 0002 
• Benchmore Farms AMLC Well 0001 
• Luckey Homestead Farm Well 0001 
• Elmore Village Community Water Supply Wells 
• Rothert AMLC 0001 

 

2.6 WATER WITHDRAWAL FACILITY REGISTRATION PROGRAM 

 
The Water Withdrawal Facility Registration (WWFR) Program, as established in H.B. 662 by the 
Ohio General Assembly in 1988, implements one of the objectives of the Great Lakes Charter in 
Ohio.  The Great Lakes Charter serves as a good-faith agreement among governors and 
premiers of the Great Lakes states and provinces to establish a regional approach to Great 
Lakes water resource management programs.  The regional approach will strengthen the states’ 
effort to protect and better manage such a vital resource in this water-rich Great Lakes Region. 

 
The Charter recognized the need for good water resource data as fundamental to water 
resource planning, management, and protection.  The recommendation to create a water  
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Figure 9. Public Water Supply Well Locations
(Ohio EPA)
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withdrawal facility registration program resulted because many states and provinces did not 
have the necessary authority to collect such data. 

 
The drought of 1988 raised many concerns about water use and management in Ohio.  Many 
communities and businesses sought alternative water sources to supplement depleted supplies.  
Also, conflicts and questions arose in the competition for a limited water resource.  The state did 
not have adequate information to assist everyone seeking additional water.  Without the 
knowledge of water withdrawals in an area, state officials risked referring water withdrawers to a 
source of water already limited by current demands. 
 
Section 1521.16 of the Ohio Revised Code requires any owner of a facility, or combination of 
facilities, with the capacity to withdraw water at a quantity greater than 100,000 gallons per day 
(gpd) to register such facilities with the ODNR Division of Soil and Water Resources. The 
WWFR Program will provide information of great importance to the citizens of the state. Water, 
one of our most basic and precious natural resources, needs to be studied more intensely and 
water resource planners need reliable information to plan for the future. The state's economy 
depends on water and economic development will continue to place increased demands on this 
critical resource (ODNR-DSWR website). 

 
The ground water stress area legislation, signed in April of 1990, gave the Chief of the Division 
of Water (now the Division of Soil and Water Resources) the authority to designate an area as a 
ground water stress area and establish a threshold withdrawal capacity lower than 100,000 gpd 
for the area in terms of water withdrawal registration.  Any person who withdraws water at a rate 
greater than a specified threshold (for example, 10,000 gpd) in a ground water stress area 
would be required to register the facility with the Chief.  Registration is not intended to regulate 
use of ground water, but only to gather additional information for resolving conflicts and guiding 
or advising new users.  Annual reports must also be submitted for these facilities.  There are 
currently no ground water stress areas designated in Ohio. 

 
The ground water facilities registration forms can be found on the ODNR-Division of Soil and 
Water Resources website at:  

http://www.dnr.state.oh.us/water/tabid/20441/Default.aspx#WWFR%20Forms 
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3.0 Methods of the Investigation 

Prior to implementing this project, the ODNR-DSWR reviewed the Ohio Revised Code 
concerning ground water supply development in Ohio.  Standard hydrogeological as well as 
engineering practices were used to carry out all fieldwork and data analysis (Bair and Lahm, 
2006; Driscoll, 1986; Fetter, 2001; Kruseman and deRidder, 1990; Merritt, 1983). 

A partial glossary has been attached at the end of this report for those who are not familiar with 
the subject matter.  The reader can refer to the Encyclopedic Dictionary of Hydrogeology by 
Poehls and Smith (2009) for further reference. 

3.1 ODNR WEBSITE SEARCH 

As part of the investigation, the ODNR-DSWR conducted a search of the water well record 
database for Ottawa County, Harris Township to identify the number of domestic water wells 
within the study area (ODNR-DSWR website, 2011). The records show that approximately 600 
wells have been drilled in Harris Township since the late 1940’s. Items identified in the database 
are the ODNR well log number, original owner of the well, well depth, test rate, static water level 
and aquifer type. Figure 10 shows the location of 155 wells with known coordinates within the 
study area. 

 Data for the 155 wells are as follows: 

(1) All of the wells drilled in the area are completed in the carbonate bedrock aquifer 

(2) Well depths range from 34 to 276 feet below the land surface with an average well depth 
of 84 feet 

(3) Pumping rates vary from 1 to 60 gpm with an average pumping rate of 18 gpm 

(4) Static water levels in the wells vary from 8 to 50 feet below the land surface with an 
average static water level of 27 feet 

Ground water recharge and movement in the subsurface typically occur through the glacial till 
and migrate to deeper levels in the carbonate bedrock aquifer along fracture patterns within the 
bedrock. 

All database water wells were evaluated to select the most appropriate data points for use in the 
study. A print-out of the ODNR well log database for the 155 wells in the study area is presented 
in Appendix A.  
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Figure 10. Water Supply Well Locations
 in the Ottawa County Study Area (ODNR-DSWR)
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3.2 HIGH-YIELDING WATER WELL COMPLETION DETAILS 

The first step in the study was to define the limits of the study area using the location of the  
irrigation wells. Figure 11 shows the location of the five high-yielding water wells identified in the 
Ottawa County, Harris Township study area. Information about each well is listed in Table 1.  
These wells are located north of the Portage River. The study area is defined between State 
Route 163 to the north, the Portage River to the south, Martin-Williston Road to the west, and 
State Route 590 to the east. 

Individual well completion diagrams for the irrigation wells are shown on Figures 12 through 16.  
These data show the individual well completion for each of the five high-yielding wells identified 
in the study area.  The original well logs can be found in Appendix B. 

 

Table 1.  High-yielding farm irrigation wells, Ottawa County, Harris Township   

Well-
Log No. 

Well 
Symbol 

Latitude Longitude Well 
Depth 
(feet) 

Test 
Rate 
(gpm) 

Casing 
Length 
(feet) 

Pump 
Capacity 
(gpm) 

Surface 
Elevation 
(feet 
amsl) 

Static 
Water 
Level 
(feet) 

2028314 Bench1 41.49241 -83.30023 400 300 100 225 609 37 
2025323 Bench2 41.49258 -83.28003 420 300 100 225 609 34 
2028309 Luckey 41.49443 -83.29392 350 300 54 150 610 36 
2001245 Rothert1 41.47969 -83.32365 345 240 98 225 618 30 
2001244 Rothert2 41.49278 -83.23667 365 280 100 225 597 31 
 

3.3 WATER WELLS USED TO MEASURE THE EFFECTS OF PUMPING THE 
HIGH-YIELDING WATER WELLS  

Once the study area was defined, observation wells were selected from the available water 
wells.  Each homeowner was approached to gain permission to monitor the water level in their 
well. Water well records used for this investigation are presented in Appendix C.  Figure 11 also 
shows the locations of water wells in the study area that were used for monitoring purposes.  
Data regarding these water wells is shown in Table 2. 
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Figure 11.  Irrigation and Water Supply Wells Locations Used
 to Monitor Ground Water Levels in the Carbonate Bedrock Aquifer
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December, 2011

Figure 12. Bench 1 Irrigation Well Completion Diagram
ODNR Well Log Number 2028314
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Bobby Baker

December, 2011
Figure 13. Bench 2 Irrigation Well Completion Diagram
ODNR Well Log Number 2025323
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December, 2011
Figure 14. Luckey Irrigation Well Completion Diagram
ODNR Well Log Number 2028309

DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD

500

LuckeyBench 1

500

400

300 F4

F3

F2

F1

LD

G

LD

G

Surface Elevation = 610ft

Total Depth = 350ft

X
X
X

X
X
X

29
6ft

 O
pe

n R
oc

k H
ole

36ft SWL

XX
54ft Casing

90-100ft

160-170ft

220-240ft

300-350ft

.716ft

0.67ft

Ground Water Investigation of the Carbonate Bedrock Aquifer, Ottawa County Harris Township, Ohio

Geology

LD: Lockport Limestone and Dolomite
G: Glacial Till

Bentonite Grout

Legend

F1: Flowzone 1, 25 GPM
F2: Flowzone 2, 50 GPM
F3: Flowzone 3, 75 GPM
F4: Flowzone 4, 150 GPM

X

ELEVATION IN FEET

Scale
Verticle: 1in = 100ft
Horizontal: None

Well diameter exaggerated Surface
500

Original Static Water Level (SWL)
Top of Rock
Elevation Gridline

DD DD DD

24



Cartography by:
Bobby Baker

December, 2011

Figure 15. Rothert 1 Irrigation Well Completion Diagram
ODNR Well Log Number 2001245
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Figure 16. Rothert 2 Irrigation Well Completion Diagram
ODNR Well Log Number 2001244
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Table 2.  Water supply wells monitored during this study, Ottawa County, Harris 
Township  

Well-
Log No. 

Well 
Symbol 

Latitude Longitude Well 
Depth 
(feet) 

Test 
Rate 
(gpm) 

Casing 
Length 
(feet) 

Pump 
Capacity 
(gpm) 

Surface 
Elevation 
(feet 
amsl) 

Static 
Water 
Level 
(feet) 

665324 BLC 41.49196 -83.30043 125 20 59 - 609 27 
921445 GLC 41.4877 -83.30492 165 45 47 - 615 40 
348436 JSE 41.49105 -83.27746 55 20 48 - 603 28 
348437 JSW 41.49098 -83.27843 67 20 48 - 602 28 
2028178 MH 41.49857 -83.3006 142 15 61.9 12 614 46 
77581 ML 41.49067 -83.27689 50 0 30 - 605 13 
2011236 PD 41.475997 -83.31934 102 12 27 12 619 26 
615063 RH 41.49588 -83.28972 55 12 53 - 609 26 
711797 RW 41.481776 -83.29059 99 10 49 - 611 46 
696615 SU 41.48819 -83.28965 62 20 51 - 606 35 
484324 WH 41.49329 -83.27894 73 16 57 - 609 20 

 

3.4 FIELD MEASURMENTS FOR 6-MONTH OBSERVATIONS  

Base line ground water data on each of the high-yielding and selected water supply wells was 
obtained prior to irrigation season.  A monitoring well network was set up (Sanders, 1998).  The 
State of Ohio Technical Guidance for Well Construction and Ground Water Protection Manual 
was consulted along with the Midwest Planning Service Private Water System Handbook.  
Ground water level measurements were obtained on a monthly basis from May through 
September 2011.  Field data showing the water level measurements are presented in Appendix 
D. 

 

3.5 PUMP TEST P-12 DATA ANALYSIS METHODS  

The previous work on the carbonate bedrock aquifer was done by the ODNR-Division of Water 
during the late 1960s and early 1970s.  Based on a study, it was found that well P-12 was 
located within the Ottawa County study area. The locations of the pumping and observation 
wells are shown on Figure 6.  The well completion diagram is shown on Figure 17.  
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Figure 17. P-12  Well Completion Diagram
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The ground water hydraulics calculations for well P-12 were originally done manually.  A new 
analysis of these data was performed by using the latest analysis methods and computer 
technology.  AQTESOLV version 4.5 was selected as the aquifer analysis method of choice 
(Duffield, 2007). AQTESOLV pump test data analyses are available upon request. 
 

3.6 IMPACT ASSESSMENT  

Once the field data was obtained, an impact assessment was done to evaluate the impact that 
the irrigation wells were having on the local water supply wells.  This was done by using the field 
data as a guideline for calibration of the WellZ computer model (Schwartz and Zhang, 2002).  
This computer model was used to assess the well interference effect that the irrigation wells 
would have over a period of time on the nearby domestic water wells.  An interval of 14-days 
was used for the WellZ computer model because that was the length of time that Bench 1 and 
Bench 2 irrigation wells were in operation during early July.  The data results from the WellZ 
computer modeling can be found in Appendix E. 
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4.0 FIELD INVESTIGATION RESULTS 

To evaluate the subsurface conditions under the study area, cross sections, ground water 
gradient maps, and hydrographs were drawn to represent the data.  The important trends in the 
data are presented for review. 

4.1 SITE HYDROGEOLOGY OF THE STUDY AREA 

Figure 18 represents a hydrogeological cross section drawn through the study area.  Shown on 
the cross section is the stratigraphic section for each well relative to sea level.  Shown on the 
cross section for each well is the: 

• Top of bedrock 

• Thickness of the glacial till over the bedrock 

• Depth to water in each well that was measured on July 14, 2011 

It is important to note that in the Luckey well, four flow zones were noted by the well driller at the 
time the well was drilled (Figure 14).  These flow zones are important because they show 
precisely from where in the well the subsurface water is produced.  Both the thickness and flow 
rate for each flow zone as estimated and measured by the driller are as follows; 

• Uppermost flow zone occurred at a depth between 90 to 100 feet and produced 25 gpm  

• Second flow zone occurred at a depth 160 to 170 feet and produced 50 gpm 

• Third flow zone occurred at a depth of 220 to 240 feet and produced 75 gpm 

• Fourth flow zone occurred at 300 to 350 feet and  produced 150 gpm 

The flow rate for the entire well was estimated to be 300 gpm.  It is also important to note that 
these flow zones were not noted on the drilling logs for the Bench 1 and 2 wells or the Rothert 1 
and 2 wells. 

The cross section shows the carbonate bedrock aquifer is actually one hydrogeologic unit from 
the base of the glacial till to the top of the Rochester Shale.  The cross section also reveals the 
importance of measuring the thickness and flow rate from each zone encountered in the well 
bore during drilling.  Ground water recharge, as well as ground water yield, is controlled by 
ground water flow through both the vertical and horizontal fracture flow system. 
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4.2 RESULTS OF THE GROUND WATER LEVEL MEASUREMENTS FOR 
MAY THROUGH SEPTEMBER 2011 

Figure 11 shows locations of the irrigation wells and the water supply wells used to evaluate 
ground water levels in the subsurface during these investigations.  The field work to set up the 
monitoring locations for the wells was completed during May 2011.  Field measurements were 
obtained on June 15, July 14, July 20, August 9, and September 9, 2011. 

4.2.1 Ground Water Elevation Levels for June 15, 2011 

Figure 19 represents a map showing the ground water elevations measured on June 15, 2011.  
These data were obtained prior to the pumping of the wells for irrigation purposes.  As a result, 
these data represent background conditions prior to pumping the high-yielding wells for 
irrigation purposes. The only active pumping wells were the domestic water wells.  

These data are consistent with the regional ground water flow gradient mapped by Haiker, 2009
 and Crist, 2006 and shown in Figure 5.  The ground water flow gradient is generally to 
the northeast in the direction of Lake Erie.  In the study area, the one notable exception is that 
locally the ground water discharges to the Portage River.  Only minor changes to the natural 
ground water flow patterns are noticeable near the domestic water supply wells designated as 
RW, SU, JSE, and JSW in Table 2.  Any change in ground water levels from pumping the water 
supply wells does not noticeably alter the natural regional ground water flow gradient.
 
4.2.2 Ground Water Elevation Levels for July 14, 2011 

Figure 20 represents a map showing ground water elevations as measured on July 14, 2011.  
These data were obtained when both the Bench 1 and Bench 2 irrigation wells were pumping at 
a rate of approximately 200 gpm each.  The Luckey and Rothert 1 and 2 wells were turned off 
and not pumping at the time the water level measurements were taken.  The Luckey well had 
been on earlier in the month but had been off for four days prior to these measurements. 

The cone of depression for both the Bench 1 and 2 wells is shown on the map along with the 
regional ground water flow pattern.  The general ground water flow gradient in the region is 
similar to the ground water flow for June 15, 2011.  However, it should be noted that the ground 
water discharge to the Portage River has been reversed and the new ground water flow 
gradient is now toward the Bench 1 and 2 irrigation wells. 

4.2.3 Ground Water Elevation Levels for July 20, 2011 

Figure 21 represents a map showing the ground water elevation as measured on July 20, 2011. 
The irrigation wells were not in use.  As a result, the ground water levels had recovered.  The 
ground water flow patterns had almost recovered and returned to their pre- 
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pumping water levels established on June 15, 2011.  The only well having an influence on the 
ground water pattern appears to be well RW. 

4.2.4 Ground Water Elevation Levels for September 9, 2011 

Figure 22 presents a map showing the ground water elevation as measured on September 9, 
2011.  These data confirm the regional ground water flow pattern that was measured on June 
15, 2011 as well as July 20, 2011 with the general flow pattern of discharge to the Portage 
River.  The ground water data show some minor influences from the pumping of the mobile 
home park (JSE and JSW) and the domestic water supply wells RW and SU. 

4.3 HYDROGRAPHS OF THE IRRIGATION AND WATER SUPPLY WELLS 

Hydrographs were developed for each of the wells to depict the ground water levels in the 
irrigation and domestic water wells with time.  For reasons of clarity, the irrigation water levels 
were separated from the other water wells.  Ground water levels measured in the irrigation wells 
are shown in Figure 23 and data for the domestic water wells are shown in Figure 24.  Individual 
hydrographs for each well can be found in Appendix D. 

4.3.1 Hydrographs for High-Yielding Wells May through September 2011 

Table 3 was developed to show ground water levels that were measured in the irrigation wells.  
It is important to note that only the Bench 1 and 2 wells were actively pumping when these 
measurements were made.  The Luckey well was periodically pumped but was off during the 
time that the measurements were taken.  The Rothert wells were not used for irrigation 
purposes during the summer because of crop rotation.  Thus, the Rothert wells were used as 
background wells for observation only. 

Table 3.  Static water levels measured in high-yielding irrigation wells (feet)  

Date Bench 1 Bench 2 Luckey Rothert 1 Rothert 2 

5/19/2011 34.48 33.58 33.45 22.5 -------* 

6/15/2011 34.59 36.41 34.5 27.91 17 

7/14/2011 102 150 47.97 39.13 23.1 

7/20/2011 46.08 46.08 45.18 25 23.17 

8/9/2011 39.8 38.79 38.7 24.2 22.35 

9/9/2011 36.62 37.22 36.44 24.32 22.24 

*Parameter not measured 
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 The field data shows that the ground water level in the Bench 1 well during pumping was 
approximately 150 feet below the land surface on July 14, 2011.  It was difficult to get an 
accurate measurement in this well because of an obstruction down in the well.   The pumping 
water level in the Bench 2 well was 102 feet below the land surface.  The water level in the 
Luckey well, which is located between the Bench 1 and 2 wells, declined to 47.97 feet below the 
land surface on July 14. These data show that the water level in the Luckey well was affected by 
the overlapping cones of depression caused by the pumping of the Bench 1 and 2 wells. 

Figure 23 is a hydrograph of the data showing the depth to ground water in the Bench 1, Bench 
2 and Luckey wells.  Since the Luckey well is located between the Bench 1 and 2 wells, the 
ground water level in the well reflect the depth to water and additional drawdown as a result of 
the overlapping cones of depression. The total drawdown in the Luckey well from June 15 to 
July 14 was 13.37 feet. 

 

4.3.2 Hydrographs for Domestic Water Wells May through September 2011 

Table 4 was developed to show the impact and effect on depth to water in the water supply 
wells as a result of the ground water pumping from the Bench 1 and 2 wells.  This data shows 
that the pumping of the irrigation wells had an impact on the ground water levels in the nearby 
domestic water wells.  The deepest water levels measured in the domestic wells during the 
study occurred on July 14 during the time that the Bench 1 and 2 irrigation wells were in use. 

Table 4.  Static water levels measured in water supply wells (feet below top of casing)   

 

Date SU B LC GLC WH JS E JS W MH RH ML 

5/19/2011 35.33 32.03 31.89 32.03 31.89 32.47 33.4 32.97 31.58 

6/15/2011 36.51 33.2 33.68 34 33.68 34.2 34.86 34.45 33.34 

7/14/2011 47.76 50.2 47.25 43 43.03 43.6 45.0 43.98 42.72 

7/20/2011 46.28 46.58 45.23 42.583 41.81 42.45 45.08 43.15 41.59 

8/9/2011 40.55 41.18 39.76 37.65 37.17 37.77 39.42 38.0 36.81 

9/9/2011 38.35 36.4 37.98 34.92 34.35 34.91 36.88 35.96 34.06 
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Figure 24 represents a hydrograph of the water levels measured in some of the wells from May 
through September 2011.   All the wells measured show a similar trend;  the major decline in the 
ground water levels occurred during the pumping of the Bench 1 and 2 wells on July 14, 2011.  
By September, the ground water levels had recovered.  Individual hydrographs for each well 
measured can be found in Appendix D. 

4.4  EVALUATION OF THE IRRIGATION AND WATER SUPPLY WELL 
HYDRAULIC CHARACTERISTICS BASED ON ODNR WELL LOG DATA 

In addition to the ground water level measurements, the ODNR-DSWR made an attempt to 
evaluate the well hydraulics of both the water supply and irrigation water wells that were 
monitored in this study.  This was done by analyzing the data supplied by the well drillers in the 
ODNR-DSWR well log reports.  The drillers’ pumping/bail-down test data was used to calculate 
the specific capacity of the wells. 

As part of the work, the driller estimated the pumping capacity for the well by conducting a short 
term pumping/bail-down test on the well.  These tests are generally done by pumping, bailing, or 
blowing air into the well to extract water at a known rate in gallons per minute (gpm).  Prior to 
conducting the test, the driller measured the static water level in the well.  Near the end of the 
test, the driller measured the pumping water level in the well.  The driller then determined the 
total drawdown in the well during pumping.  These tests are generally done to estimate a 
sustainable yield of the well and to determine the depth at which to set the pump. 

It should be noted that the driller did not report conducting a pumping test for the Luckey well. 

4.4.1 Domestic Well Hydraulics Based on Driller Pumping/Bail-Down Test 

Table 5 shows the results of the pumping/bail-down tests done by the well driller at the time that 
the well was drilled.  Based on the analysis, the specific capacity of the well in terms of gallon 
per minute per foot of drawdown (gpm/ft) was estimated.  This data is used to determine how 
much water is flowing into the well for every foot of drawdown based on the pumping rate.  
Analysis of the data shows that the shallow domestic water wells that did not encounter a 
fracture in the subsurface have a specific capacity that varies from 0.26 to 0.62 gpm/foot of 
drawdown.  However, other wells (such as JSE and JSW) that did encounter a fracture or void 
in the limestone have a specific capacity in the range of 10 to 20 gpm/foot of drawdown. 

4.4.2 Irrigation Well Hydraulics Based on Driller Pumping Test 

Table 6 shows the results of the pumping test for the irrigation wells.  These data show a similar 
trend that was observed in the other water wells.  In the Bench 1 and 2 wells, the specific 
capacity of the wells varies from 1.81 to 2.0 gpm/ foot of drawdown.  In the Rothert 1 and 2 
wells, the specific capacity of the wells range from 6 to 6.2 gpm/foot.  These data suggest the 
Bench wells did not encounter significant fracture flow in the subsurface.  However, the Rothert 
wells encountered a higher number of flow zones over the length of aquifer penetrated. 
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Table 5.  Domestic well hydraulics based on driller bail-down test data   

Well Log 
Number. 

 
Well ID 

Pumping 
Rate 
(gpm) 

Pumping 
Level 
(feet) 

Pumping* 
Level 
(feet) 

Drawdown 
(feet) 

Specific 
Capacity* 
(gpm/foot) 

665324 BLC 20 27 60 33 0.61 
921445 GLC 45 40 113 73 0.62 
348436 JSE 20 28 30 2 10 
348437 JSW 20 28 28 0 20+ 
2028178 MH 15 46 102 56 0.26 
77581 ML - 13 - - - 
2011236 PD 12 26 70 44 0.26 
615063 RH 12 26 - - - 
711797 RW 8-10 46 - - - 
696615 SU 10-20 35 - - - 
484324 WH 16 30 35 5 3.2 

*Calculated value from well log data - parameter not provided by driller 

Table 6.  Irrigation well water well hydraulics based on the driller pumping test data   

Well Log 
Number 

Well ID Pumping 
Rate  
(gpm) 

Pre-
Pumping 
Level 
(feet) 

Pumping* 
Level 
(feet) 

Drawdown 
(feet) 

Specific 
Capacity* 
(gpm/foot) 

2028314 Bench 1 230 37 151 114 2.0 
2025323 Bench 2 300 34 200 166 1.81 
2028309 Luckey 300 36 - - - 
2001245 Rothert 1 240 30 70 40 6 
2001244 Rothert 2 280 31 76 45 6.2 

*Calculated value from well log data - Parameter not provided by driller 

4.4.3 Bench 1 and 2 Well Irrigation Well Hydraulics Based on June 15 to July 14 Field 
Measurements 

Table 7 was developed based on the drawdown measured over the 14-day irrigation pumping 
cycle.  Both the Bench 1 and 2 wells were assumed to be pumping at a rate of 200 gpm.  The 
pumping rate was estimated based on the pump capacity and the irrigation system design 
characteristics.  The specific capacity of the Bench 1 well was calculated to be 2.97 gpm/foot of 
drawdown in the well.  This compares well with the specific capacity from the original test of 2 
gpm/foot of drawdown estimated from the pumping/bail down test.  The specific capacity of the 
Bench 2 well was calculated to be 1.76 gpm/ foot of drawdown.  This also agrees well with the 
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original pumping test derived value of 1.81 gpm/foot of drawdown estimated from the 
pumping/bail down test. 

The Lucky and Rothert 1 and 2 wells were turned off during the field measurements and used 
only for background water level measurements. 

Table 7.  Bench 1 and 2 Well evaluation based on the June 15 to July 14 field 
measurements   

Well ID Pumping 
Rate (gpm) 

Pre-Pumping  
Water Level 
(feet) 

Pumping 
Water Level 
(feet) 

Drawdown 
(feet) 

Specific 
Capacity 
(gpm/foot) 

Bench 1 200 34.59 102 67.41 2.97 

Bench 2 200 36.41 150 113.59 1.76 

4.4.4 Luckey and Bench 1 Evaluation Pumping Tests 

As part of this study, an attempt was made to evaluate the hydraulic characteristics of the 
Luckey and Bench 1 irrigations wells.  This was done by having the well owner pump the well 
after a round of water level measurements were obtained throughout the study area.  The well 
evaluations were conducted on the Luckey and Bench 1 wells independently of each other.  The 
Rothert 1 and 2 wells were not used for irrigation this season so they were used only for 
observation and ground water monitoring.  The results of the ODNR-DSWR pump test 
evaluation is presented in Table 8. 

4.4.4.1  Luckey Well Hydraulics Based on July 14, 2011 Pumping Test 

An attempt was made to evaluate the hydraulic characteristics of the Luckey well on July 14, 
2011.  The Luckey well was turned on after the initial round of static water level measurements 
was taken. The pump capacity for the Luckey well is 150 gpm.  It was estimated that the well 
pumped at a rate of 130 gpm.  The initial static water level in the Luckey well was 48.38 feet 
below the ground surface.  Water level measurements were taken for approximately 2 1/2 
hours.  The initial static water level was affected by the overlapping cones of depression from 
the pumping associated with the Bench 1 and 2 wells. 

After 2 1/2 hours, the water level in the well had declined from the initial 48.38 feet to 53.17 feet 
below the land surface and had stabilized at that level.  The total drawdown in the well was 4.79 
feet. The specific capacity of the well was calculated to be 27.14 gpm/foot of drawdown. 

During the pumping of the Luckey well, water level measurements were also obtained from the 
RH well located approximately 1300 feet from the Luckey well.  The initial static water level in 
the well prior to pumping was 43.98 feet below the land surface.  The final static water level was 
44.29 feet below the land surface.  Thus, the total drawdown in the well was 0.31 feet. 
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4.4.4.2 Bench -1 Well Hydraulics on July 20, 2011 Pump Test 

An attempt was made to evaluate the hydraulic characteristics of the Bench 1 well on July 20, 
2011.  This well had not been used for a few days prior to this test.  The well was turned on after 
the initial round of static water levels was obtained for the area.  The initial static water level in 
the Bench 1 well was 45.95 feet below the land surface.  Measurements on the well were taken 
for 50 minutes.  The pumping water level was measured at 102 feet below the land surface.  
During the evaluation, it was difficult to measure the water level in the Bench well due to an 
obstruction in the well so the test was ended.  To obtain the best data it would be necessary to 
install a 1-inch diameter stilling tube and a transducer down the well bore.  The pump capacity 
in the well was 225 gpm.  It was estimated that the well was pumping at a rate of approximately 
200 gpm.  The total drawdown in the well was estimated to be 56.05 feet.  Thus, the specific 
capacity of the well was estimated to be 3.56 gpm/foot of drawdown.  This result is higher than 
the results from the original pumping test completed by the well driller of 2 gpm/foot of 
drawdown. During the pumping of the Bench 1 well, water level measurements were also 
obtained from the Bench labor camp (Bench LC) well located 325 feet from the Bench 1 well.  
The initial static water level in the well prior to pumping was 46.41 feet below the land surface.  
The final static water level was 52 feet below the land surface.  Thus, the total drawdown in the 
well was 5.59 feet.  

Table 8.  ODNR-DSWR well evaluation for Bench1 and Luckey irrigation wells   

Well ID  Pumping 
Rate (gpm) 

Pre-
Pumping 
Water 
Level 
(feet) 

Pumping 
Water 
Level 
(feet) 

Drawdown 
(feet) 

Specific 
Capacity 
(gpm/foot) 

Bench 1 200 45.9 102* 56.1 3.56 

Bench LC 
Observation 

------ 46.41 52 5.59 ------ 

Luckey 130 48.38 53.17 4.79 27.14 

RH 
Observation 

------- 43.93 44.29 0.31 ---- 

*It should be noted that it was difficult to measure water levels below 102 feet because of 
obstruction in the well 
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5.0 RESULTS OF P-12 PUMPING TEST ANALYSIS 

Because there was no long term pumping test data for the irrigation wells, it was necessary to 
turn to literature for the data.  The ODNR, Division of Water study Ground Water for Planning in 
Northwest Ohio (1970) provided a wealth of data.  The P-12 well characteristics closely 
matched those of the irrigation wells.  Well P-12 was drilled in Ottawa County, Benton Township 
just north of the Harris Township line (Figure 5).  The location of P-12 and the observation wells 
are shown on Figure 6 in Section 2.0.  The well construction details are presented in Figure 17, 
Section 3.0. 

The pumping test on P-12 was completed as follows: 

• A trial pre-pump test was run to estimate the pumping capacity of the well 

• A variable-rate step test with six (6) steps was run to estimate the well efficiency 

• A 24-hour constant-rate pumping test was run to estimate aquifer characteristics 

Three (3) observation wells were used to evaluate the drawdown in the carbonate aquifer at 
varying distances from the pumping well P-12 in the northern, southern and eastern directions.  
The location of these wells is also shown on Figure 6. 

Data input for the pumping test taken from the unpublished ODNR report are as follows: 

• Pumping rate: 99 gpm 

• Well Depth (b): 360 feet 

• Original Static Water Level: 23.94 feet 

• Specific Capacity: 1.01 gpm/ft 

• Glacial Till Thickness (b’): 38 ft 

• Radius of the Well (rw): 0.42 feet 

• Radius of the Casing (rc): 0.50 feet 

P-12 pumping test analysis was done using the confined model with the Cooper-Jacob solution.  
Based on the Cooper-Jacob solution, the original transmissivity was estimated to be 1,600 
gallons/day/foot.  The original storage coefficient of the aquifer was estimated to be 0.0001.  
These data were used as a starting point for estimating the hydraulic properties of the aquifer by 
using the AQTESOLV computer program.  AQTESOLV 4.5 version was used to estimate the 
hydraulic properties of the aquifer (Duffield, 2007). As with all ground water pumping test 
analyses, the Cooper-Jacob solutions use the following assumptions: 
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• Aquifer has an infinite areal extent 

• Aquifer is homogeneous and isotropic with a uniform thickness 

• Pumping well is fully or partially penetrating 

• Flow to the pumping well is horizontal 

• Flow is unsteady 

• Water is released instantaneously from storage 

In addition, its was assumed that the hydraulic conductivity are the same in the horizontal and 
vertical directions, thus Kh/Kr = 1 

5.1 STEP TEST RESULTS CONFINED MODEL DOUGHERTY-BABU 
SOLUTION 

The step test is a procedure for determining the performance of a well under conditions of 
turbulent flow.  It is used to determine well efficiency, optimum pumping rate, and to separate 
laminar and turbulent components caused by the pumping of the well.  In a step-drawdown test, 
a well is pumped at several successively higher pumping rates and the drawdown for each rate 
or step is recorded.   In the case of well P-12, six (6) steps were run for one hour each.  The 
well was initially pumped at a rate of 76 gpm. The successive steps were run at 85, 95, 107, 116 
and 126 gpm.  The step test was analyzed using a confined model with the Dougherty-Babu 
solution (Figure 25).  

Based on the step test data, the transmissivity of the well was estimated to be 1551.4 
gallons/day/foot (207.4 ft2/day). The storage coefficient (S) was estimated to be 0.0001477. The 
well was found to have a well efficiency of 73.8 percent based on the last step. 

 

5.2 RESULTS OF THE P-12 PUMPING TEST ANALYSIS 

Based on the step test, it was decided to run the test at a constant rate of 99 gpm for 24 hours.  
To be consistent with the historic work, it was decided to use the confined model using the 
Cooper-Jacob solution for the pumping test.  In addition, it was decided to evaluate the historic 
data using the leaky aquifer model and the Hantush-Jacob solution.  The distance-drawdown 
plot was analyzed using the confined aquifer model using the Dougherty-Babu solution. 
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Figure 25 P-12 Step Test Confined Model Dougherty-Babu Solution
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5.2.1 Time-Drawdown Confined Model Cooper-Jacob Solution Results 

Based on the well completion data (Figure 17), two flow zones were identified in the well.  The 
upper flow zone occurred at 64 to 65 feet and the lower flow zone occurred at 270 to 280 feet.  
The pumping test data confirms that the majority of the water produced from the well came from 
these two flow zones.  During the pump test, water was initially produced from the upper flow 
zone at 65 feet.  As the pumping test progressed, the upper flow zone was dewatered.  There 
was a steep drop in the water level of approximately 40 feet when this occurred.  With time the 
majority of the water was produced from the deeper flow zone at 270 to 280 feet below the land 
surface. 

Figure 26 shows the results of the time-drawdown plot for the confined aquifer model using the 
Cooper-Jacob solution. These data show that the transmissivity of the well was estimated to be 
1989.4 gallons/day/foot (265.9 ft2/day).  The storage coefficient was estimated to be on the 
order of 0.0001208.  The derivative data for the water produced from the well also confirms that 
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the water is initially produced from the upper flow zone but over time the upper flow zone is 
dewatered and the majority of the water is obtained from the lower flow zone. 

 

Figure 26 P-12 Time Drawdown Confined Aquifer Model Cooper-Jacob Solution
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5.2.2 Time-Drawdown Leaky Model Hantush-Jacob Solution Results 

Figure 27 shows the results of the time-drawdown plot for the leaky aquifer model using the 
Hantush-Jacob Solution.  These data show that the transmissivity of the well was estimated to 
be on the order of 1783.8 gallons/day/foot (238.4 ft2/day).  The storage coefficient was 
estimated to be on the order of 0.0004376.  This is higher than the coefficient of storage 
obtained using the Cooper-Jacob Solution.  

The leakage coefficient (r/B) for the leaky model is on the order of 1 x 10-5 which suggests that 
the glacial material surrounding P-12 does not leak much water through the confining layer into 
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the carbonate aquifer below.  Essentially, these data suggest that the confined model provides 
an accurate representation for the carbonate bedrock aquifer. 

 

Figure 27 P-12 Time Drawdown Analysis with Leaky Model Hantush-Jacob Solution
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5.2.3 Distance-Drawdown Confined Model Dougherty-Babu Solution Results 

Table 9 shows the observation well data used for the distance-drawdown plot.  Shown in the 
table are the distance each observation well was from the pumping well P-12, the original static 
water level, the final water level, and the total drawdown in each well.  Wells OW-1 and OW-3 
were located in the north-south direction and OW-2 was located east of P-12 (see Figure 6 for 
well locations). 

Figure 28 shows the results of the distance-drawdown plot for the confined aquifer model using 
the Dougherty-Babu Solution.  These data show that the transmissivity of the aquifer was 
estimated to be 4177.5 gallons/day/foot (558.4 ft2/day).  The storage coefficient was estimated 



GROUND WATER INVESTIGATION OF THE CARBONATE BEDROCK AQUIFER - OTTAWA COUNTY, HARRIS TOWNSHIP, OHIO 

50  
 

to be 0.000421.  This storage coefficient is consistent with the leaky model but is slightly higher 
than estimated by the confined model. 

Table 9.  P-12 observation well data.   

Well 
ID 

Distance 
(Feet)  

Direction  Initial 
Water 
Level 
(Feet) 

Final 
Water 
Level 
(Feet) 

Drawdown 
(Feet) 

 P-12 ---- ------ 23.94 123.69 99.79 

OW-1 1500 South 26.11 27.07 1.04 

OW-2 3500 East 22.1 23.07 0.97 

OW-3 800 North 23.12 27.19 4.07 

 

Figure 28 P-12 Distance Drawdown Confined Aquifer Model Dougherty-Babu Solution
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Figure 29 is a drawdown plot for the observation well data OW-1, 2 and 3 generated from the 
confined model Daugherty-Babu distance-drawdown solution for the P-12 pumping test.  This 
model assumes that the water table is horizontal and the aquifer is homogeneous, infinite in 
extent, and uniform in thickness; yet observation shows that the carbonate bedrock aquifer is 
heterogeneous and anisotropic.  As a result, the drawdown data predicted by the computer 
model does not always agree with the observed field data. 

In the case of well P-12, the predicted drawdown data agrees in the north-south direction for 
OW-3 and OW-1 respectively.  In OW-3, located 800 feet north of P-12, the drawdown 
measured in the field was 4.07 feet.  This agrees well with the predicted drawdown of 3 to 4 
feet.  In OW-1, located 1500 feet south of P-12, the drawdown measured in the field was 1.04 
feet, which agrees with the predicted drawdown of 0 to 2 feet.  However, the drawdown 
measured in the field for OW-2, located 3500 east of pumping well P-12, was 0.97 foot, which is 
greater than predicted by the computer model.  



USGS Quadrangle: Oak Harbor

Figure 29  Plot P-12 Showing Changes in Ground Water
Levels with Distance from Pumping Center. 
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6.0 IMPACT ASSESSMENT 

Ground water models can be used to predict the changes in ground water levels in response to 
different pumping scenarios.  Before a model can be run, aquifer characteristics like 
transmissivity and storativity must be known.  These values were obtained from the pumping 
test data from well P-12.  The next step is to calibrate the model to the known field observations 
or measurements.  After the model is calibrated, it can be used to simulate the effects of 
pumping the high-yielding well at different pumping rates and over different time periods. 

6.1 ACTUAL FIELD MEASUREMENTS: 

Static water levels were measured in all of the study wells during May and June 2011.  Pumping 
of the irrigation wells began on July 2.  On July 14, the ODNR-DSWR measured the water level 
in all of the wells.  To determine the impact of pumping, the water level difference was 
computed by subtracting the June 15 reading from the July 14 measurement.  Figure 30 shows 
the amount of drawdown or decline in the ground water level.  During the time of these 
measurements, only the Bench 1 and Bench 2 wells were in operation, while the Luckey and 
Rothert wells were turned off and used for monitoring ground water levels only. 

6.2 MODEL CALIBRATION WITH WELLZ AT 14-DAYS: 

The computer model WellZ (Schwartz and Zhang 2002) was used to evaluate the impact from 
pumping the high-yielding water wells on the water supply wells.  The actual measured 
drawdown in the water wells from June 15, 2011 through July 14, 2011 was evaluated against 
the predicted drawdown in the monitored water supply wells using the WellZ computer model.  
This computer program utilizes either a confined or leaky computer model and is based on the 
Theis solution.  The Theis solution calculates the well interference affects or drawdown in 
individual wells with distance from the pumping well.  The Theis solution assumes: 

• Aquifer is homogeneous and isotropic 

• Well will pump without stopping for 14 days 

• There is leakage through the glacial till. 

To evaluate the effectiveness of using the WellZ computer model to predict the measured 
drawdown observed in the field, these data were compared to the observed field 
measurements.  Two computer simulations were run pumping only the Bench 1 and 2 irrigation 
wells because those were the only wells in operation during the time of data collection on July 
14.  The first simulation was run with the Bench 1 and 2 wells pumping at a rate of 200 gpm 
each.  The second computer simulation was run pumping the Bench 1 and 2 wells at a rate of 
250 gpm each.  The Luckey and Rothert 1 and 2 wells were turned off and used as observation 
wells. 



G

G

GG

G

G

G

G

G

G

G
@A @A

@A

@A

1 - 10ft

11 - 20ft

No Drawdown

21
-30

 ft 31-40ft

21
-30

 ft

31
-40

 ft

WH
9ft 

RW
9.82ft 

RH
9.48ft 

PD
1.92ft 

ML
9.38ft 

JSW
9.4ft SU

11.25ft 

MH
10.14ft 

JSE
9.35ft 

GLC
11.58ft 

Luckey
13.46ft 

BenchLC
17.4ft 

Bench 1
67.41ft 

Bench 2
113.59ft 

Rothert 1
11.22ft 

GROUNDWATER INVESTIGATION OF THE CARBONATE BEDROCK AQUIFER, OTTAWA COUNTY, HARRIS TOWNSHIP, OHIO

Figure 30
Actual Ground Water Level Drawdown

Measured Between
June 15th 2011 and July 14th, 2011

Ü

Cartography by:
Bobby Baker
March, 2012

USA Topo Maps

0 2,200 4,400 6,600 8,8001,100 Feet

Scale

1:24,000
1 inch = 2,000 feet

Legend

G Domestic
@A Irrigation

Ground Water Drawdowns
Flow Direction

61 - 70ft
71 - 80ft
81 - 90ft
91 - 100ft
101 - 110ft
111 - 120ft

No Drawdown
1 - 10ft
11 - 20ft
21 - 30ft
31 - 40ft
41 - 50ft
51 - 60ft



GROUND WATER INVESTIGATION OF THE CARBONATE BEDROCK AQUIFER - OTTAWA COUNTY, HARRIS TOWNSHIP, OHIO 

55 
 

The WellZ computer model was analyzed using a leaky model with the following parameters:  

 Transmissivity =265 ft2 /day 

 Storativity = 0.0001 (dimensionless) 

 Vertical Hydraulic Conductivity (leakage) through the glacial till =0.03 
ft/day assumed 

The actual field measurements and the calculated values for interference for the two simulations 
are presented in Table10.  

Table 10.  Measured vs. calculated drawdown effects on water supply wells caused by 
pumping Bench 1 and Bench 2 irrigation wells  

 

 

 

 

 

 

 

 

 

 

 

Based on the data in Table 10, the following observations were made: 

1. Actual drawdowns in the Luckey well and well SU were more than the predicted 
drawdowns for the 200 gpm calibration run.  Both of these wells are located between 
the two Bench irrigation wells.  

2. Actual drawdowns in the wells located along Elliston-Trowbridge Road were less than 
anticipated by the computer model.  These include wells WH, JSW, JSE and ML.  
Ground water drawdowns on the order of 9 to 9.4 feet were measured.  Predicted 
drawdowns ranged from 14 to 23 feet.  This could be due to the fact that 100 feet of 
casing was installed in an attempt to isolate the upper flow zone(s). 

Well Log ID 

Drawdown 
measured from 
June 15 – July 

14 

Model 
Calibration 

14-Days 
200GPM 

Model 
Calibration 
14-Days 
250 GPM 

BLC 17.4 47.836 59.795 
GLC 11.58 7.376 9.219 
JSE 9.35 14.054 17.567 

JSW 9.40 16.663 20.829 
MH 10.14 8.087 10.109 
ML 9.38 19.298 24.122 
PD 1.92 0.168 0.209 
RH 9.48 9.588 11.985 
RW 9.82 2.47 3.087 
SU 11.25 7.732 9.667 

WH 9.00 23.406 29.258 
LUCKEY 13.46 12.098 15.123 

ROTHERT1 11.22 0.168 0.21 
ROTHERT2 6.10 0.011 0.014 
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3. Drawdown in well BLC, located adjacent to the Bench 1 pumping well, was predicted to 
be 47.83 feet.  However, the actual measured drawdown was 17.4 feet.  This too 
could be due to the fact that 100 feet of casing was installed in the Bench 1 well. 

4. These data show that the actual ground water level drawdown across the area can vary 
significantly from the predicted ground water levels depending on distance and 
location relative to the pumping center. 

 

When the actual ground water level measurements are compared to the 14-day model 
calibration, it was observed that these data do not show a good match to the WellZ predicted 
drawdowns.  As a result, it was not possible to calibrate the WellZ model to the actual field 
conditions (Figure 31).  The most likely reason for the lack of correlation between the actual field 
measurements and the predicted decline in the ground water levels is because of the 
anisotropic conditions in the aquifer in both the horizontal and vertical directions.  Consequently, 
it was not possible to accurately simulate the decline in the ground water levels with time and 
with all the irrigation wells pumping.  
 
Table 10 shows the differences in the measured and calculated drawdown values.  The model 
cannot be calibrated to match all of the data; it only provides an indication of what might 
happen.  In reality, the carbonate aquifer shows good correlation in the northern, southern, and 
western directions but shows poor correlation in the eastern direction.  The WellZ model 
exhibits somewhat less drawdown and interference than the measured values would indicate.  
Also, the maximum interference shown would take place only in wells which are completed in 
the same flow zone within the aquifer.  Because the model could not be calibrated, it was not 
possible to run a pumping simulation to predict a worst case scenario with all five irrigation wells 
pumping simultaneously. 
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7.0 Conclusions 

7.1 SITE HYDROGEOLOGY CONCLUSIONS 

Ground water occurrence and movement in the carbonate bedrock aquifer of northwestern Ohio 
is complex and poorly understood.  Previous work documents show that there are a number of 
flow zones in the subsurface.  The well completion diagram for the Luckey well shows the extent 
to which the flow zones occur in the subsurface (Figures 14 and 18).  Drilling data shows that 
the carbonate bedrock aquifer is anisotropic and heterogeneous in its configuration.  This gives 
rise to a number of concerns that need to be considered before long-term pumping rates can be 
accurately calculated and the data used to design water supply systems.  

The overall porosity and permeability within the carbonate bedrock aquifer in north-central Ohio 
is composed of three (3) types: 

1.  Primary porosity and permeability resulting from the three-dimensional interconnection 
of the micro-fractures that compose the matrix of the bedrock 

2. Secondary permeability resulting from the three-dimensional network of joints, fractures 
and bedding planes 

3. Secondary permeability also resulting from  the three-dimensional cavernous nature of 
the openings 

This helps explain major changes in yield within short distances.  Field data results confirm that 
diffuse, laminar, and turbulent conduit flow are present within the carbonate bedrock aquifer of 
northwestern Ohio.  The hydraulic characteristics of the aquifer are not uniform; there are 
significant variations in permeability that need to be accounted for within the carbonate bedrock 
aquifer (i.e. degree of fracturing as well as variation in cementation).  This helps to explain major 
changes in yield over short distances in both the vertical and horizontal directions. 

Overall, because of the degree of interconnectedness of the fractures and conduits in both the 
vertical and horizontal directions, it must be assumed that the carbonate bedrock aquifer acts as 
a continuous water bearing unit from the surface to the top of the Rochester Shale at a depth of 
over 400 feet below the land surface. 

 

7.2 P-12 PUMP TEST CONCLUSIONS 

Previous work confirmed that well P-12 intercepted two flow zones.  At the time it was noted that 
the upper water-bearing zone could be dewatered, which affected the pumping test results.  As 
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the upper water-bearing flow zone was dewatered, the water level in the pumping well dropped 
an additional 40 feet.  Any subsequent water pumped from the well was obtained from the lower 
water-bearing flow zone.  Thus, an erroneously optimistic prediction of ground water yield from 
individual wells resulted by not accounting for the drop in water level in the pumping well and 
not accounting for the increased well loss due to dewatering of the upper flow zone.  Review of 
these data during this study confirms the results obtained during the original study of well P-12.  

The 1969 data was analyzed using step test, time-drawdown and distance-drawdown analytical 
techniques.  The step test data suggests that the transmissivity of the carbonate aquifer is 
approximately 1551 gallons/day/foot (207.4 ft2/day).  The storage coefficient for the aquifer was 
0.0001. 

The time-drawdown data using the Cooper-Jacob confined model solution confirmed a 
transmissivity of 1989.4 gallons/day/foot (265 ft2/day).  These data agreed well with the 
Dougherty-Babu leaky model solution transmissivity of 1783.8 gallons/day/foot (238.4 ft2/day) 
with a storage coefficient of 0.0004 for the aquifer. 

The distance-drawdown plot for the P-12 data using the Dougherty-Babu confined model 
solution indicated that the transmissivity of the aquifer could be as high as 4177 gallons/day/foot 
(558.4 ft2/day).  The storage coefficient of the aquifer was approximately 0.0004.  Data from the 
distance-drawdown plot for the P-12 well show that the transmissivity of the carbonate bedrock 
aquifer in not uniform in the vertical and horizontal direction.  These data also show that the 
storage coefficient is not uniform as well. 

 

7.3 FIELD DATA MEASUMENTS CONCLUSIONS 

The regional direction of ground water flow across the study area is from the southwest to the 
northeast in the direction of Lake Erie.  However, the local ground water flow direction in the 
study area is toward the Portage River, which acts as a natural ground water discharge point.  

Hydrographs of the ground water level data show that the greatest changes in water levels 
occurred during the pumping of the irrigation wells between June 15, 2011 and July 14, 2011. 

As shown on Figures 20 and 30, the pumping of the Bench 1 and 2 irrigation wells can have a 
major impact on the regional ground water flow direction.  The major impact occurs between the 
two pumping wells where the individual cones of depression overlap.  Ground water level 
declines of up to 17.4 feet can be attributed to this pumping.  Drawdown values of 10 feet were 
observed approximately 4000 feet way from the Bench 2 well.  It appears that installing 100 feet 
of casing was only partially successful in isolating the irrigation wells from the neighboring wells. 

Ground water level measurements made on September 9, 2011 indicated that the water table 
had recovered and that no long term impacts had occurred once the irrigation wells were turned 
off. 
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7.4 IMPACT ASSESSMENT CONCLUSIONS 

Water well records for the S-2 observation well completed in the Village of Woodville show that 
ground water levels can vary from about 18 to 59 feet below the land surface in response to 
nearby pumping despite normal rain fall amounts.  This indicates that the pumping associated 
with the Woodville water supply wells can have an impact on nearby water wells.  The ground 
water fluctuation can be as much as 41 feet. 

Field data obtained for this project show that the pumping of the high-yielding water wells can 
have an impact on the local water supply wells.  The degree of impact depends on the location 
of the water well relative to the pumping center and the pumping rate. It also depends on the 
flow zone from which the water well produces.  Based on the data result, it is possible for a 
deeper high-yielding well to dewater the upper flow zone in the carbonate bedrock aquifer. 

In the case of P-12, the model-predicted drawdown data agrees in the north-south direction for 
OW-3 and OW-1 respectively.  In OW-3, located 800 feet north of P-12, the drawdown 
measured in the field was 4.07 feet.  This agrees well with the predicted drawdown of 3 to 4 
feet.  In OW-1, located 1500 feet south of P-12, the drawdown measured in the field was 1.04 
feet, which agrees with the predicted drawdown of 0 to 2 feet.  However, the drawdown 
measured in the field for OW-2, located 3500 east of pumping well P-12, was 0.97 foot, which is 
greater than predicted by the computer model. 

An attempt was made to model the carbonate aquifer using the WellZ computer model.  It was 
not possible to calibrate the WellZ computer model to the actual field data because of the 
anisotropic and heterogeneous nature of the carbonate bedrock aquifer system.  The WellZ 
data consistently either over- or under-estimated the predicted drawdown in the domestic water 
wells.  The reason for the lack of agreement is due to the anisotropic characteristics of the 
aquifer in the horizontal and vertical direction.  Additional study and data collection would be 
necessary to more fully define the aquifer so that accurate model predictions can be made. 

It has been concluded that it would not be beneficial to do any additional computer modeling of 
the carbonate bedrock aquifer at this time because the model cannot be calibrated to match all 
of the actual field measurements. The carbonate aquifer shows good correlation in some of the 
wells but shows poor correlation in other wells.   

Even though it was decided not to pursue additional computer modeling, the field data results 
clearly show the impact of pumping the irrigation wells.  Field measurements from pumping the 
Bench 1 and 2 wells show the impacts on ground water levels in the neighboring water wells 
(Figures 20, 24 and 30).  In the event of drought conditions in the area, pumping all five 
irrigation wells at one time could cause the ground water levels in the upper flow zones to be 
dewatered or drop lower than what was measured on July 14, 2011. 

The specific capacity data for the Rothert 1 and Rothert 2 wells would indicate that the impacts 
to the water level from pumping these wells would be less than what was observed from the 
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Bench 1 and 2 wells.  Pumping the Luckey well at 130 gpm caused less than 1 foot of 
drawdown in the closest domestic well located approximately 1300 feet from the irrigation well. 
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8.0 Recommendations 

Within the context of the results and conclusions for this study, pumping the Bench 1 and 2 
irrigation wells had an impact on ground water levels in the water wells completed in the shallow 
flow zones (Figures 20, 24 and 30).  In the event of drought conditions in the area, pumping all 
five deep irrigation wells simultaneously has the potential to exceed the safe yield of the 
carbonate bedrock aquifer.  If the safe yield of the aquifer is exceeded, the upper flow zones in 
the carbonate bedrock aquifer system will most likely become dewatered. 

Accordingly, it is recommended that a best management plan be put in place to control the 
pumping from these deep high-yielding water wells.  Any depletion of the ground water supplies 
in the shallow flow zones could cause dewatering of the shallow wells in the area.  
Recommendations are as follows: 

• To fully define the hydraulic conditions for each of the high-yielding wells, each well 
owner should identify the flow zones present in each well with depth.  Geophysical well 
logging of the well using caliper and gamma logs or the use of a downhole camera are 
recommended to identify the number and thickness of each flow zone present in the 
wells.  Other geophysical well logs could also be used as appropriate. 

• A step test should be conducted on each well to determine the well efficiency.  This 
would be done by pumping the well between 4 to 8 different pumping rates (or steps). 

• A 24-hour pumping test should be conducted on each well independently to determine 
the long-term sustainable yield of the well.  Both drawdown and recovery data should be 
obtained during the 24-hour pumping test.  A ground water level monitoring program 
should also be designed and implemented to determine the effects of pumping the high-
yielding water well on individual nearby water supply wells. 

• The owner of the high-yielding well should prepare a report that fully defines the aquifer 
characteristics, a ground water level monitoring plan, and a best management plan for 
protecting the ground water supplies in the carbonate bedrock aquifer.  The plan should 
show how the operator of the high-yielding well will prevent dewatering of nearby water 
supply wells.  A mitigation plan should be developed in the event that local domestic 
water supply wells are affected by pumping of the high-yielding water well.  

• To allow for accurate measurements when the Bench irrigation wells are being pumped, 
at least 200 feet of one-inch diameter pipe should be installed in the wells to provide 
access for the monitoring equipment.  Obstructions in the well made it difficult to obtain 
accurate measurements.  The pipe should be centered under the access port in the well 
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cap.  If accurate measurements cannot be obtained in the Rothert wells, one-inch 
monitoring piping should be installed in these wells also. 

• Each high-yielding water supply well owner must complete the ODNR-DSWR Water 
Withdrawal Facility Registration form and report the ground water usage each year to 
the ODNR-Division of Soil and Water Resources per ORC 1521.16.  
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10.0 Partial Glossary of Terms used in the Report 

Anisotropic:  A material that changes in its physical properties with direction as well as having 
non-uniform spatial distribution of properties throughout the substance.  An anisotropic medium 
displays directional differences in hydraulic conductivity with direction.  A property of a material 
in which spatial characteristic can change with both the distance and the direction between two 
locations.  

Aquifer:  a consolidated or unconsolidated geologic formation or series of formations that have 
the ability to receive, store or transmit water. 

Aquifer (artesian): An aquifer that is bounded above and below by impermeable rock or 
sediment layers.  The water in the aquifer is also under enough pressure that, when the aquifer 
is tapped by a well, the water rises up the well bore to a level that is above the top of the 
aquifer.  The water may or may not flow onto the land surface. 

Bedrock: Solid rock present beneath any soil, sediment or other surface cover. In some 
locations it may be exposed at Earth's surface. 

Carbonate Rock: A rock made up primarily of carbonate minerals (minerals containing the CO3 
anionic structure).  Limestone (made up primarily of calcite (CaCO3) and dolomite (CaMg 
CO3)2 are the most common examples. 

Confined Aquifer : An aquifer that is bounded above and below by impermeable rock or 
sediment layers.  There may or may not be enough pressure in the aquifer to make it an 
"artesian aquifer". 

Contour Line: A line on a map that traces locations where the value of a variable is constant. 
For example, contour lines of elevation trace points of equal elevation across the map.  All 
points on the "ten foot" contour line are ten feet above sea level. 

Discharge: The volume of water in a flowing stream that passes a given location in a unit of 
time.  It is frequently expressed in cubic feet per minute or gallons per minute (gpm).  Calculated 
by the formula Q = A x V where Q is the discharge, A is the cross sectional area of the channel 
and V is the average velocity of the stream. 

Datum: A reference location or elevation which is used as a starting point for subsequent 
measurements.  Sea level is a datum for elevation measurements.  Datums can also be 
arbitrary such as the starting point for stream stage measurements or based upon a physical 
feature such as the base of a rock unit. 
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Drawdown: A lowering of the water table around a producing well.  The drawdown at any given 
location will be the vertical change between the original water table and the level of the water 
table reduced by pumping. 

Heterogeneous: A material consisting of dissimilar or diverse ingredients or constituents. 

Homogeneous: A material consisting of uniform structure or composition throughout. 

Hydraulic Conductivity (K): The ability of a porous material to transmit a fluid.  It is usually 
expressed as gallons/day/foot squared or feet per day. 

Hydrogeology: The study of the interrelationship of geologic material and processes with water 
that control the distribution and character of water bodies. 

Hydrograph: A graph that shows the change of a water-related variable over time.  Example: A 
stream discharge hydrograph shows the change in discharge of a stream over time. 

Impermeable Layer: A layer of rock, sediment or soil that does not allow water to pass through.  
This could be caused by a lack of pore space or pore spaces that are so small that water 
molecules have difficulty passing through. 

Infiltration: The movement of surface water into porous soil. 

Isotropic: A material that is uniform in its physical properties with direction as well as having 
uniform spatial distribution throughout the substance.   An isotropic medium displays uniform 
hydraulic conductivity in all direction.  A property of a material in which spatial characteristic do 
not change with the direction between two locations. 

Joint: A fracture in rock along which there has been no displacement. 

Karst: A landscape that is characterized by the features of solution weathering and erosion in 
the subsurface.  These features include caves, sinkholes, disappearing streams, and 
subsurface drainage. 

Porosity: The volume of pore space in a rock, sediment, or soil usually expressed as a 
percentage of pore space that containing water.  This pore space can include openings between 
grains, fracture openings and caverns. 

Recharge: Water added to an aquifer or other water body.  An aquifer is recharged by 
precipitation in an area where the aquifer has a porous connection to the surface. 

Recharge Area: The geographic area where water infiltrates into the ground and enters an 
aquifer. 
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Seepage: The slow movement of water through the pore spaces of a solid material.  This term 
is also applied to a loss of water by infiltration through the bottom of a stream, canal, irrigation 
ditch, reservoir or other body of water. 

Specific Capacity: The quantity of water produced in a well per unit foot of drawdown.  Specific 
capacity is commonly expressed as gallons per minute per foot of drawdown (gpm/foot) over a 
specific time interval. 

Storativity (S): A dimensionless quantity also called the storage coefficient.  It is the volume of 
water that an aquifer released from storage or takes into storage per unit surface area of the 
aquifer per unit change in head 

Stratification: A layered structure of sedimentary rocks in which the individual layers can be 
traced a considerable distance.  The layers can be caused by many differences which include 
materials of different composition, color, grain size or orientation. 

Stratigraphic Sequence: The sequence of sedimentary rock layers found in a specific 
geographic area, arranged in the order of their deposition. 

Topographic Map: A map that shows the change in elevation over a geographic area through 
the use of contour lines.  The contour lines trace points of equal elevation across the map. See 
also: contour line and contour map. 

Transmissivity (T): The rate of movement of water at a prevailing viscosity through an aquifer 
of unit width under a unit hydraulic gradient.  It is usually defined a gallons/day/foot or feet squared per 
day. 

Water Table: A level beneath the Earth's surface, below which all pore spaces are filled with 
water and above which the pore spaces are filled with air.  It is the top of the zone of saturation 
in a subsurface rock, soil or sediment unit. 

Withdrawal: A removal of water from a surface or ground water source for use. 

Yield (Q): The quantity of water that can be produced from an aquifer.  It is generally express as 
gpm. 

Zone of Saturation: The zone beneath the water table where all pore spaces are completely 
filled with water.  Water that exists within this zone is known as "ground water". 
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11.0 Appendix A - Water Wells in the Ottawa County, Harris 
Township Study Area 
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12.0 Appendix B – High-Yielding Irrigation Well Logs  
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13.0 Appendix C –Well Logs Used for Observation 
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14.0 Appendix D - Ground Water Level Measurements From May 

2011 to September 2011 



Well_Log Address WellSymbolLatitude Longitude X2 Y2 WellYield SurfEle

665324 1709 NissenBenchLC 41.49196 -83.3004 1749073 1273131 20 609

921445 Witty/SR 51GLC 41.4877 -83.3049 1747834 1271589 45 615

348436 1795 Elliston-TrowbridgeJSE 41.49105 -83.2775 1755356 1272744 12 603

348437 1795 Elliston-TrowbridgeJSW 41.49098 -83.2784 1755109 1272721 20 602

2028178 1196 NissenMH 41.49857 -83.3006 1749048 1275541 15 609

77581 17821 SR 105ML 41.4906 -83.2768 1755536 1272578 null 605

2011236 2756 Opfer-LentzPD 41.476 -83.3193 1743847 1267359 12 619

615063 1400 S. ErnsthausenRH 41.49588 -83.2897 1752027 1274534 12 609

711797 18587 SR 105RW 41.48178 -83.2906 1751735 1269396 10 611

696615 1920 S ErnsthausenSU 41.48819 -83.2897 1752002 1271731 20 606

484324 1581 Elliston-TrowbridgeWH 41.49329 -83.2789 1754979 1273564 16 609

2028314 Nissen Bench 1 41.49241 -83.3002 1749096 1273399 300 609

2025323 Elliston-TrowbridgeBench 2 41.49258 -83.28 1754162 1273436 300 609

2028309 S. ErnsthausenLuckey 41.49443 -83.2939 1750871 1274016 300 610

2001245 Opfer-LentzRothert 1 41.47969 -83.3237 1742653 1268715 240 618

2001244 SR 105 Rothert 2 41.49278 -83.2367 1766546 1273281 280 597



SWL51911 SWL61511 SWL71411 SWL72011 SWL8911 SWL9911 GWE51911 GWE6511 GWE71411

32.03 33.2 50.6 46.58 41.18 36.4 576.97 575.8 558.4

0 35.67 47.25 45.23 39.76 37.98 0 579.33 567.75

31.89 33.68 43.03 41.88 37.17 34.35 571.11 569.32 559.97

32.47 34.2 43.6 42.45 37.77 34.91 569.53 567.8 558.4

33.4 34.86 45 45.08 39.42 36.88 575.6 574.14 564

31.58 33.34 42.72 41.59 36.81 34.06 573.42 571.66 562.28

22.5 22.78 24.7 24.86 23.5 23.18 596.5 596.22 594.3

32.97 34.5 43.98 43.15 38 35.96 576.03 574.5 565.02

0 41.96 51.78 55.6 44.04 42.42 0 569.04 559.22

35.33 36.51 47.76 46.28 40.55 38.35 570.67 569.49 558.24

0 34 43 42.03 37.65 34.92 0 575 566

34.48 34.59 102 46.08 39.8 36.62 574.52 574.41 507

33.58 36.41 150 37.62 38.79 37.22 575.42 572.59 459

33.45 34.5 47.96 45.18 38.7 36.44 576.55 575.5 562.04

22.5 27.91 39.13 25 24.2 24.32 595.5 590.09 578.87

0 17 23.1 23.17 22.35 22.24 597 580 573.9

 



GWE72011 GWE8911 GWE9911 DD615714 DD200PUMPWellZDD250PUMPWellZDDB1B2LUCKY

562.42 567.82 572.6 -17.4 47.836 59.795 51.926

569.77 575.24 577.02 -11.58 7.376 9.219 8.485

561.12 565.83 568.65 -9.35 14.054 17.567 14.71

559.55 564.23 567.09 -9.4 16.663 20.829 17.429

563.92 569.58 572.12 -10.14 8.087 10.109 11.165

563.41 568.19 570.94 -9.38 19.298 24.122 12.079

594.14 595.5 595.82 -1.92 0.168 0.209 0.195

565.85 571 573.04 -9.48 9.588 11.985 17.1

555.4 566.96 568.58 -9.82 2.47 3.087 3.109

559.72 565.45 567.65 -11.25 7.732 9.667 10.442

566.97 571.35 574.08 -9 23.406 29.258 24.344

562.92 569.2 572.38 -67.41 67.41 67.41 67.41

571.38 570.21 571.78 -113.59 113.59 113.59 113.59

564.82 571.3 573.56 -13.46 12.098 15.123 15.123

593 593.8 593.68 -11.22 0.168 0.21 0.193

573.83 574.65 574.76 -6.1 0.011 0.014 0.012
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15.0 Appendix E - WellZ Ground Water Model Well Interference 
Calculations for 14 Days 
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