Ground Water Investigation of the
Carbonate Bedrock Aquifer to Evaluate the
Impact of Pumping High-Yielding Irrigation Wells
on Local Water Supply Wells in
Ottawa County, Harris Township, Ohio

N ] \ / / | / / < 3 & I
\ . o =N ; s
______ \ _. S
o | A

= =

o ) N y

S g

\ 3 | - ) .

Prepared by:
Curtis J Coe, CPG, PG, and James Raab
Ohio Department of Natural Resources

Division of Soil and Water Resources

2045 Morse Road
Columbus Ohio 43229

Technical Report of Investigations 2012-1

March 2012






GROUND WATER INVESTIGATION OF THE
CARBONATE BEDROCK AQUIFER TO EVALUATE
THE IMPACT OF PUMPING HIGH-YIELDING
IRRIGATION WELLS ON LOCAL WATER SUPPLY
WELLS IN OTTAWA COUNTY, HARRIS TOWNSHIP,
OHIO

Prepared by:

Curtis J Coe, CPG, PG, and James Raab

OHIO DEPARTMENT OF NATURAL RESOURCES
DIVISION OF SOIL AND WATER RESOURCES

2045 MORSE ROAD
COLUMBUS OHIO 43229

Water Resources Technical Report of Investigations 2012-1

March 2012



TABLE OF CONTENTS

LIST OF FIGURES

LIST OF TABLES
ABSTRACT
1.0 INTRODUCGCTION .....ioiiiciiieei it e rie e ree e ree e em e s e a s e mas s e nn s e emnsrennsramsssannsrnmssrennsernnsnrennnrrnnn 1
1.1 SITE LOCATION AND SETTING .. ..ottt 1
1.2 PURPOSE AND SCOPE OF WORK . ......iiiiieie et 4
2.0 PREVIOUS WORK ... eiic it cerec e eeie e ree e e sm e eea s e m s e nn s eam s e ennseennsssamnnrannsransnrennnrrnnn 5
2.1 HYDROGEOLOGY OF THE STUDY AREA ... .o 5
2.2 REGIONAL GROUND WATER OCCURRENCE AND MOVEMENT ......cccoiiiiiiiiiiiiieeeeein, 9
2.3 PUMPING TEST ANALYSIS FOR WELL P-12 LOCATED IN OTTAWA COUNTY BENTON
TOWNSHIP oot ettt et e et e e ee e e e e e e e 9
2.4 VILLAGE OF WOODVILLE OBSERVATION WELL S-2 GROUND WATER LEVEL
FLUGCTUATIONS oot et e e e e e e e e e e e 12
2.5 PUBLIC WATER SUPPLIES IN THE STUDY AREA. ... 12
2.6 WATER WITHDRAWAL FACILITY REGISTRATION PROGRAM......c..coeoviiiiieeiiiieeeeeinn, 15
3.0 METHODS OF THE INVESTIGATION ... .o ririeccrerrcss e rmss s s e s ee s e s smn s e e mms s s e ennns 18
3.1 ODNR WEBSITE SEARCH ...coe et 18
3.2 HIGH-YIELDING WATER WELL COMPLETION DETAILS......coiiiiieeii e, 20
3.3 WATER WELLS USED TO MEASURE THE EFFECTS OF PUMPING THE HIGH-
YIELDING WATER WELLS ..o 20
3.4 FIELD MEASURMENTS FOR 6-MONTH OBSERVATIONS.......cccciiiiiiiieeeiie e, 27
3.5 PUMP TEST P-12 DATA ANALYSIS METHODS. ...t 27
3.6 IMPACT ASSESSMENT ....ouiiiiiii e e e e e eeanns 29
4.0 FIELD INVESTIGATION RESULTS .....ociieciiiicriecccreereemessse e semn e snmssem s e mn e s emnn s e mm e rnmnns 30
4.1 SITE HYDROGEOLOGY OF THE STUDY AREA .. ..o 30
4.2 RESULTS OF THE GROUND WATER LEVEL MEASUREMENTS FOR MAY THROUGH
] e I =1 5] = 2 0 B e 32
4.21 Ground Water Elevation Levels for June 15, 2011 ..o 32
4.2.2 Ground Water Elevation Levels for July 14, 2011 ......iiiiiiiiiiiii e, 32
4.2.3 Ground Water Elevation Levels for July 20, 2011 ..o, 32
4.2.4 Ground Water Elevation Levels for September 9, 2011 .........iiiiiiiiiiiiiiiinees 36
4.3 HYDROGRAPHS OF THE IRRIGATION AND WATER SUPPLY WELLS .........c......co....... 36
4.3.1 Hydrographs for High-Yielding Wells May through September 2011 ................... 36
4.3.2 Hydrographs for Domestic Water Wells May through September 2011 ............... 38



4.4 EVALUATION OF THE IRRIGATION AND WATER SUPPLY WELL HYDRAULIC

CHARACTERISTICS BASED ON ODNR WELL LOG DATA ... 40
4.4.1 Domestic Well Hydraulics Based on Driller Pumping/Bail-Down Test.................. 40
442 Irrigation Well Hydraulics Based on Driller Pumping Test............ooooviiiiiiiiinnnen. 40
443 Bench 1 and 2 Well Irrigation Well Hydraulics Based on June 15 to July 14 Field
MEASUIEMENTS ... ettt e e e e et e e e e e eeenes 42
444 Luckey and Bench 1 Evaluation Pumping Tests..........cccvviiiiiiiiiiiiiiiiiceeee 43
5.0 RESULTS OF P-12 PUMPING TEST ANALYSIS ... 45
5.1 STEP TEST RESULTS CONFINED MODEL DOUGHERTY-BABU SOLUTION................ 46
5.2 RESULTS OF THE P-12 PUMPING TEST ANALYSIS .....oooiiiiiiiii 46
5.2.1 Time-Drawdown Confined Model Cooper-Jacob Solution Results....................... 47
5.2.2 Time-Drawdown Leaky Model Hantush-Jacob Solution Results ...............cc........ 48
5.2.3 Distance-Drawdown Confined Model Dougherty-Babu Solution Results ............. 49
6.0 IMPACT ASSESSMENT......coiiiiiiiiiiiiiiiiir s 53
6.1 ACTUAL FIELD MEASUREMENTS: .....oiiiiiiiiiiiiiiieeee e 53
6.2 MODEL CALABRATION WITH WELLZ AT 14-DAYS: ..o 53
7.0 CONCLUSIONS ... e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e nnr e e 58
7.1 SITE HYDROGEOLOGY CONCLUSIONS ..ottt 58
7.2 P-12 PUMP TEST CONCLUSIONS ......cooiiiiiiiiiiiiiiiiieeeeee e 58
7.3 FIELD DATA MEASUMENTS CONCLUSIONS ......cooiiiiiiiiiiiiiiiiieeeee 59
7.4 IMPACT ASSESSMENT CONCLUSIONS .....cooiiiiiiiiiiiiiiiiieeeeeeeeee e 60
8.0 RECOMMENDATIONS..... ..ot e e 62
9.0 REFERENCGES .......oooeiiiiiiiuuiieinnnnennnnsnneennsnnnsssssanassss s s s s s s s s s s s s s s s s s s s ssssssssssssnsssnnnnnnnnnnnnnnnnnnnnns 64
10.0PARTIAL GLOSSARY OF TERMS USED IN THE REPORT ......cccoiiiiininne 66
11.0APPENDIX A - WATER WELLS IN THE OTTAWA COUNTY, HARRIS TOWNSHIP
S 1L N 3 69
12.0APPENDIX B — HIGH-YIELDING IRRIGATION WELL LOGS..........cccoiirriiinnnns 70
13.0APPENDIX C —~WELL LOGS USED FOR OBSERVATION.........cccoiirirnas 71

14.0APPENDIX D - GROUND WATER LEVEL MEASUREMENTS FROM MAY 2011 TO
SEPTEMBER 2011 ....cuuuuuuuuuuuuuunsunnnnnnnnnnnnnnsnnnnsssssnssssnsssssssssssssssssssssssssssnsssssssnssnssnssnsnnnnnnnnns 72



15.0APPENDIX E - WELLZ GROUND WATER MODEL WELL INTERFERENCE
CALCULATIONS FOR 14 DAYS .....coouiuuuuueumnnnnnnnnnnnnnnnnnnssnssssssssssssssssssssssssssssssssnssnsnsnnnnnnns



LIST OF FIGURES

PAGE
FIGURE 1. GENERAL LOCATION MAP FOR THE OTTAWA COUNTY HIGH-YIELD IRRIGATION WELL STUDY
AR E A e R R E R R R R R e R R e R R R e e e e e e e e e 2
FIGURE 2. TOPOGRAPHIC MAP OF OTTAWA COUNTY, HARRIS TOWNSHIP STUDY AREA.........cccoiiiii 3
FIGURE 3. CARBONATE BEDROCK AQUIFER YIELD IN THE STUDY AREA ..o 6
FIGURE 4. GLACIAL AQUIFER YIELD IN THE STUDY AREA ..o e 7
FIGURE 5. REGIONAL BEDROCK GROUND WATER FLOW GRADIENT MAP ..o 10
FIGURE 6. P-12 PUMP TEST LOCATION MAP ...t 11
FIGURE 7. VILLAGE OF WOODVILLE WATER SUPPLY WELLS ... 13
FIGURE 8. MONTHLY AVERAGE DEPTH TO WATER ODNR OBSERVATION WELL S-2 WOODVILLE, PLOTTED
WITH MONTHLY PRECIPITATION TOTALS FROM NW OHIO CLIMATE REGION ........cccoooiiiiiiiiiice 14
FIGURE 9. PUBLIC WATER SUPPLY WELL LOCATIONS ... 16
FIGURE 10. WATER SUPPLY WELL LOCATIONS IN THE OTTAWA COUNTY STUDY AREA ... 19
FIGURE 11. LOCATION OF IRRIGATION AND WATER SUPPLY WELLS USED TO MONITOR GROUND WATER
LEVELS IN THE CARBONATE BEDROCK AQUIFER ..o 21
FIGURE 12. BENCH 1 IRRIGATION WELL COMPLETION DIAGRAM ODNR WELL LOG NUMBER 2028314 ....... 22
FIGURE 13. BENCH 2 IRRIGATION WELL COMPLETION DIAGRAM ODNR WELL LOG NUMBER 2025323 ....... 23
FIGURE 14. LUCKEY IRRIGATION WELL COMPLETION DIAGRAM ODNR WELL LOG NUMBER 2028309......... 24

FIGURE 15. ROTHERT 1 IRRIGATION WELL COMPLETION DIAGRAM ODNR WELL LOG NUMBER 2001245..25
FIGURE 16. ROTHERT 2 IRRIGATION WELL COMPLETION DIAGRAM ODNR WELL LOG NUMBER 2001244 ..26

FIGURE 17. P-12 WELL COMPLETION DIAGRAM ...t s 28
FIGURE 18. HYDROGEOLOGICAL CROSS SECTION A-A’ EXTENDED WEST TO EAST ACROSS THE STUDY
AR E A R e R e e R R e e e R e e e e e e e e e 31
FIGURE 19. GROUND WATER LEVELS FOR JUNE 15, 2011 ..o 33
FIGURE 20. GROUND WATER LEVELS FOR JULY 14, 2011 ..o 34
FIGURE 21. GROUND WATER LEVELS FOR JULY 20, 2017 .. 35
FIGURE 22. GROUND WATER LEVELS FOR SEPTEMBER 9TH, 2011 ....ccoiiiee e 37
FIGURE 23. GROUND WATER LEVELS IN THE THREE ACTIVE IRRIGATION WELLS ........ccoooiiiiicee, 39
FIGURE 24. GROUND WATER LEVELS IN THE NON-IRRIGATION WELLS ........ccccoiiiiieeieceeee e 41
FIGURE 25. P-12 STEP TEST CONFINED MODEL DOUGHERTY-BABU SOLUTION .......cccccoiiiiiiiieccee, 47
FIGURE 26. P-12 TIME-DRAWDOWN CONFINED AQUIFER MODEL COOPER-JACOB SOLUTION..................... 48
FIGURE 27. P-12 TIME-DRAWDOWN ANALYSIS WITH LEAKY MODEL HANTUSH-JACOB SOLUTION............... 49
FIGURE 28. P-12 DISTANCE-DRAWDOWN CONFINED AQUIFER MODEL DOUGHERTY-BABU SOLUTION .....50
FIGURE 29. PLOT P-12 SHOWING CHANGES IN GROUND WATER LEVELS WITH DISTANCE FROM PUMPING
CENTER bbb b b e b b s b s b s e s b s b b s b e s b e e s e e e ne e 52
FIGURE 30. ACTUAL GROUND WATER LEVEL DRAWDOWN MEASURED BETWEEN JUNE 15, 2011 AND JULY
O I TP T U T PO YU TP TP 54
FIGURE 31. PREDICTED GROUND WATER LEVELS AFTER PUMPING BENCH 1 AND BENCH 2 FOR 14 DAYS
AT 200 GALLONS PER MINUTE ...t s s 57



vi

TABLE 1.
TABLE 2.
TABLE 3.
TABLE 4.
TABLE 5.
TABLE 6.
TABLE 7.
TABLE 8.
TABLE 9.

LIST OF TABLES

PAGE
HIGH-YIELDING FARM IRRIGATION WELLS, OTTAWA COUNTY, HARRIS TOWNSHIP .........cccciiiiiiiiiicccic 20
WATER SUPPLY WELLS MONITORED DURING THIS STUDY, OTTAWA COUNTY, HARRIS TOWNSHIP . .27
STATIC WATER LEVELS MEASURED IN HIGH-YIELDING IRRIGATION WELLS (FEET).....c..cccccviviiiiiinnns .36
STATIC WATER LEVELS MEASURED IN WATER SUPPLY WELLS (FEET)......cccoiiiiiiiiiiiccicc e 38
DOMESTIC WELL HYDRAULICS BASED ON DRILLER BAIL-DOWN TEST DATA ..o 42
IRRIGATION WELL WATER WELL HYDRAULICS BASED ON THE DRILLER PUMPING TEST DATA........ccccoeiiinnn 42
BENCH 1 AND 2 WELL EVALUATION BASED ON THE JUNE 15 TO JULY 14 FIELD MEASUREMENTS..................... 43
ODNR-DSWR WELL EVALUATION FOR BENCH1 AND LUCKEY IRRIGATION WELLS ..........cccooiiiiiiiiiiiiciceee 44
P-12 OBSERVATION WELL DATA ..o e e e e s 50

TABLE 10. MEASURED VS. CALCULATED DRAWDOWN EFFECTS ON WATER SUPPLY WELLS CAUSED BY PUMPING
BENCH 1 AND BENCH 2 IRRIGATION WELLS ........oiiii e 55



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

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

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

21 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®. 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.

24 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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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
WWEFR 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/2044 1/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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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

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

37
34
36
30
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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Table 2. Water supply wells monitored during this study, Ottawa County, Harris

Township

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

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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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. AQTESOLYV 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.



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

Hydrogeological Cross Section A-A’

West East
'
A Rothert 1 GLC Bench 1 Luckey Bench 2 Rothert 2 A
Well 2001245 Well 921445 Well 2028314 Well 2028309 Well 2025323 Well 2001244
e — —— : L T————"
8500 +++++++++ 500 <
LL400 LD Q:Jh
- 1651t = - g 400 O'
N — LD :
:300 300 ~
.O F4 :
-.(':Uzoo 345ft 350ft 200 M
N 400ft 420ft 365ft ®
Q100 100 2
w, i
Legend Luckey Well
Geology Flow Zones Scale
G: Glacial Till F1:25GPM Vertical: 1in = 300ft
F2: 50 GPM i - 1in =
LD: Lockport Limestone and Dolomite Horizontal: 1in ~1800ft .
F3: 75 GMP Flgure 18 |
F4: 150 GPM Hydrogeological Qross Section
Ground Water Level: July 14th 2011 A-A
Original Static Water Level West -East
N 0 4,400 8,800 13,200
-~ Top of Rock + Luckey [ e— 1Fegt
Bench 1
900 Elevation in Feet
[T
Surface et Au

Domestic and Irrigation Wells

Cartography by:
. . Bobby Baker
Cross Section from Ato A' December, 2011 31

I\ Rothert 1




32

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

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

5/19/2011 34.48 33.58 33.45 225 e *
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

5/19/2011 35.33  32.03 31.89 32.03 31.89 3247 334 32.97 31.58
6/15/2011 36.51  33.2 33.68 34 33.68 34.2 34.86 34.45 33.34
7114/2011 47.76  50.2 47.25 43 43.03 436  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.
441 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 Pumping Pumping Pumping* Drawdown Specific

Number. Well ID Rate Level Level (feet) Capacity*
(gpm)  (feet)  (feet) (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 Well ID Pumping Pre- Pumping® Drawdown Specific

Number Rate Pumping Level (feet) Capacity*
(gpm) Level (feet) (gpm/foot)

(feet)

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

443 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

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.

4441 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 Pre- Pumping Drawdown Specific
Rate (gpm) Pumping Water (feet) Capacity
Water Level (gpm/foot)
Level (feet)
(feet)
Bench 1 200 45.9 102* 56.1 3.56
BenchLC - 46.41 52 559 -

Observation

Luckey 130 48.38 53.17 4.79 27.14

RH - 43.93 44 .29 0.31 -——
Observation

*It should be noted that it was difficult to measure water levels below 102 feet because of
obstruction in the well



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

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:
« Atrial 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. AQTESOLYV 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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* Agquifer 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 ft?/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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5.21 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 ft*/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 ft?/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”° 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 ft’/day). The storage coefficient was estimated
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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.

Distance Direction Initial Final Drawdown
(Feet) Water Water (Feet)

Level Level
(Feet) (Feet)

P12 - 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 2312 2719  4.07

3Figure 28 P-12 Distance Drawdown Confined Aquifer Model Dougherty-Babu Solution

‘ ‘ \ \ Obs. Wells

A P12
ow1
102 1 OW2
< OW3
Aquifer Model

Confined

Solution
Dougherty-Babu

10

— =~ —

1
10

Parameters

I T  =417715 gallday ft
S  =0.000421

Kz/Kr = 1.

Sw =949

— riw) =042 ft

ric) =05ft

10

O~ T —DO0®3 0S5~

-
10

10'2 \ \ \ \
107 10° 10" 10° 10° 10*

Radial Distance (ft)



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

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
greater than predicted by the computer model.

is
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Ground Water Investigation of the Carbonate Bedrock Aquifer, Ottawa County Harris Township, Ohio
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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.
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The WellZ computer model was analyzed using a leaky model with the following parameters:

= Transmissivity =265 ft* /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

Drawdown Model Model
Well Log ID measured from Calibration Calibration

June 15 — July 14-Days 14-Days

14 200GPM 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 24122

PD 1.92 0.168 0.209

RH 9.48 9.588 11.985

RW 9.82 2.47 3.087

suU 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
ROTHERT?2 6.10 0.011 0.014

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).
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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

71 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 ft*/day). The storage coefficient for the aquifer was
0.0001.

The time-drawdown data using the Cooper-dacob confined model solution confirmed a
transmissivity of 1989.4 gallons/day/foot (265 ft*day). These data agreed well with the
Dougherty-Babu leaky model solution transmissivity of 1783.8 gallons/day/foot (238.4 ft*/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 ft¥/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
C03)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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GROUND WATER INVESTIGATION OF THE CARBONATE BEDROCK AQUIFER - OTTAWA COUNTY, HARRIS TOWNSHIP, OHIO

12.0 Appendix B — High-Yielding Irrigation Well Logs




WELL LOGANDD

DNR 7802.0%e Ohio Department of

Division of Water, 2045 Morse Road, Columbus, Chio 43229-6605
Voice (614) 265-6740 Fax (614) 265-6767

Heveh -]
Well Log Number

2028314
Page 1 of 1 forthis record.

RILLING REPORT

Natural Resources

WELL LOCATION CONSTRUCTION DETAILS |
Drilling Method:  ROTARY
Courly _OTTAWA “Township _CLAY BOREHOLE/CASING (Measured from ground surface)
Borehole Diameter 12 inches Depth ____ 100 4
NON BENCH ! {Casing Diameter___ 8 in. Length ___ 100 _ f Thickness _9.265 i,
Owner/Builder Borehole Diameter inches Depih it
S NISSEN RD 2 {Casing Diameter in, Length ft. Thickness .
Address of Well Location Casing Height Above Ground 1 ™
City_ ELMORE Zip Code +4 43416 1: PVG
Permrit No. Secior; andor Lot No. Type {,
Use of Well _AGRIC/IRRIG Jai 1- Solvent
Coordinates of Well {Uss only one of the betow coordinate systems) mms{ 2:
State Plane Coordinates SCREEN
N X - fi. Diameter in. Slot Size in.  Screenlength .
s [ Y - f Type Material
Latitude, Longitude Goordinates o1 Between . and ft.
Latitude: _41.482433 Longitude; _-83-300004 GRAVEL PACK (Tilter Pack) VoIt
Elevation of Well in feet; +- . Maiegal/ Used
Daiurn Plane; [ NAD27 NAD83 Elevation Source GPS Methed of Insiallation
Source of Coordnates: GPS Depih: Placed From: fi. To: ft.
Well logation written descriptior: GROUT
- VolWt.
Malerial Bentonite slury Used 20 -
Methed of Installation _Pumped wiTremie pipe
Depth: Placed From: 0 ft. To: 100 ft.
. DRILLING LOG® ]
Comments on water quality/quantity and well construction: FORMATIONS INGLUDE DEPTH(S) AT WHICH WATER 1S ENCOUNTERED.
Sur ‘{; a G & fovea Lo Color Texture Formation From | To
IR y ' BROWN CLAY 0 20
!S5 - amsi BLUE CLAY 20| a8
GRAVEL 48| 51
LIMESTONE 51| 400
_ WELL TEST *
Pre-Pumping Static Level 3 & Date 71112010
Measured from _GROUND LEVEL
Pumping test method _PUMPING
Test Rate 230 gpm Duration of Test 1 hrs.
Feet of Drawdown __ 114 . Sustainable Yield 300 gpm
*(Attach a copy of the pumping test record, per section 1521.05, ORC)
ls Copy Aflached? [ Yes No Flowing Weil? [ Yes & No
| PURP/PITLESS
Type of pump_SUBMERSIBLE Capacity 225 gpm
Pump sel at 245 5 Pitless Type WELL SEAL
Pump installed by, SHIDLER & WILDER
§ hereby certify the information given is accurate and cormect ko the best of my knowledge.
Drilling Firm SHIDLER & WILDER
Address 17333 IDA CENTER RD
Gity, State, Zip PETERSBURG M1 49270
Signed ALLEN SHIDLER Date___8/12/2010
{Flled Electronically) Aquifer Type (Formation producing the most water) EIMESTONE
\ODH Registration Number 2023 Date of Well Complation 7142010 Total Depth of Well___400__ .

Completion of this form is required by section 1521.05, Chio

Revised Code - file within 30 days after completion of drilling.

Distribute copies of this record to Custormner, and Local Health Deptartment.



WELL LOG AND DRILLING REPORT

fBencis -2

Well Log Number

DNR 7802.05¢ Ohio Department of Natural Resources i 2025323 .
Division of Water, 2045 Morse Road, Columbus, Ohio 43229-6605 ! - d
_ _ Voice (614) 265-6740 Fax (614) 265-6767 Page 1 of 1 _for this record.
l WELL LOCATION CONSTRUCTION DETAILS |
Drilling Methed: _ROTARY
County OTTAWA Township HARRIS BOREHOLE/CASING (Measured from ground surface)
; {Borehole Diarmeter 12 inches Depth 106
DON___ BENCH Casing Diameter 8  in Length 100 ft Thickness _0.265 in,
Owner/Builder {Borehole Diameter inches Depth ft.
ELLISTON TROWBRIDGE RD Casing Diameter in, Length £ Thickness .
Address of Well Location Casing Height Above Ground 1 fi
City ELMORE Zip Codle +4. 43416 T 1. PvC
PermitNo. Section; andor Lot No, ype {2; _
Use of Well AGRIG/ARRIG Joi 1- Solvent
it
Coordinates of Well (Use only one of the below coordinate systems) ° 5{ :
State Plahe Coordinates SCREEN
NO X +- fi. Diamieter in. Slot Size in. Screenlength________ ft.
sOO ¥ +- fr Type Material
Latitude, Longitude Coordinates Set Between ft.and .
Latitude: 41.49254 Longitude; _-83.28003 GRAVEL PACK (Filter Pack) v
: oot ) Mategal/ Vol
Elevation of Well in feet: + fl. e, Used
Dalum Plane: [J] NAD27 NADS3  Elevation Source GPS, Method of Installation
Source of Coordinztes: GPS Depih: Placed From: fi. To: ft.
Well location written description: GROUT : VolWL
Materal Bentonite slurry Used 20
Methiod of Installation _Pumped w/Tremie pipe
Depth: Placed From: 0 . To: 100 f1.
. i DRILLING LOG® ]
Commends on water quality/quantity and well constriction: FORMATIONS INCLUDE DEPTH{S) AT WHIGH WATER IS ENCOUNTERED,
Sur ‘CQ L E’ [ va Lo Color Texture Formation From | To
~ ol L amel SOl ol .2
- YELLOW CLAY 2 12
BROWN CLAY T 12 52
BLACK GRAVEL 52 56
~SHALE 56| 60
LIMESTONE 60| 420
. WELL TEST~ .
Pre-Pumping Siatic Level Ll ft. Date 71712009
Measured from _GROUND LEVEL
Pumping test method _ PUMPING
‘Test Rate 300 gpm Duration of Test 1 hrs.
Feet of Drawdown _ 166 #. Sustainable Yield 300 gpm
*{Atiach a copy of the pumping test record, per seclion 1521.05, ORC)
Is Copy Attached? [] Yes X No Flowing Well? ] Yes X] No
i : PUMP/PITLESS
“Type of pump SUBMERSIBLE Gapacity 25 gpim
Pumpset at __168 #, Pilless Type WELL SEAL

Pump instailed by

| hereby certify the infermation given is accurate and cotrect to the best of my knowledge:
Drilling Firm SHIDLER & WILDER

Address 17333 IDA CENTER RD

Gity, Stale, Zip PETERSBURG M1 49270

Signed ALLEN SHIDLER Date__12/10/2009

(Rlec Electronically)

ODH Registration Number 2023

Aquifer Type (Formation praducing the mos! water ) L|MESTON_E

420 ft.

Date of Well Cornpletion 71712009 Toial Depth of Well

Completion of this form is required by section 1521.05, Ohio Revised Code - file within 30 days after completion of drilling.
Distribute copies of this record to Customer, and Local Health Deptartment.



DNR 7802.05e

WELL LOG AND DRILLING REPORT :

Ohio Department of Natural Resources i

Division of Water, 2045 Morse Road, Columbus, Ohio 43229-6605
Voice (614) 265-6740 Fax (614) 265-6767

1\ UC}’\—%*;,L

Wel Log Number
2028309 |

Page 1 of 1 forthisrecord.

WELL LOCATION

CONSTRUCTION DETAILS 1

County OTTAWA Township HARRIS

Driling Method: _ ROTARY/AIRHAMR
BOREHOLE/CASING (Measured from ground surface)

; {Borehote Diameter 12 inches Depth 54 1.
LUCKY HOMESTEAD FARMS Casing Diameter___8.525 _in Length 55 fiThickness _ 0.32_jn,
Owner/Builder Borehole Diameter 775 inches Depth 350 fi,
TR ERNSTHAUSEN_ 2 {Gasing Diameter in. Length t. Thickness i.
Address of Well Location R _ ) | GasingHeight Above Ground 1 #.
City ELMORE Zip Code +4 43416 . 1: Stesl
Permit Mo, Section;’ andor Lot No. - Type { o
Use of Well AGRIC/IRRIG . 1- Threaded
Coordinates of Well (Use only one of the below cootdinate systems) Jcnnis{ :
State Plane Coordirates SCREEN
NO X +- fr Diameter in. Slot Size in.  Screen Length fi.
sl ¥ +- fr. Type Material
Latitude, Longitude Coordinates Set Between fi. and ft.
Lafitude: _41.494839 Longitude: __~83.292503 GRAVEL PACK (Filter Pack) VoUWt
Elevation of Well in feet: +- ft. Maiesréglef Used
Datum Plan=; [] NAD27 NADB3 Elevation Source Method of Installation
Source of Cotrdinates: GPS Depth: Placed From: fi. To: ft.
Well location wnitten descriptian: GROUT VallWt.
Material_ Bentonite/polymer slurry Used 75 GALLONS/M50 LBS.
Method of Instaliaion _Pumiped wiTremie pipe
0 fi. To: 34 ft

Depth: Placed From:

DRILLING LOG® |

Comments on water quality/quantity arkd well constructiors:

FORMATIONS INCLUDE DEPTH(S) AT WHICH WATER IS ENCOUNTERED.

m; gg ggm % ?gs.{?%. = %‘_ prwrtaity Zg f 2-.- Color Texiure Formation From To
HIT 75 GPM @ 220-240" G 5} LT. BROWN MOIST CLAY 0 12
HIT 150 GPM @ 300350 BROWN GUMMEY CLAY 12 31
HIT 300+ GPM TOTAL LT. GRAY. PACKED HARDPAN 3 48
LT. BROWN BROKEN LIMESTONE 48 51
LT. GRAY MEDIUM LIMESTONE 51 70
LT. BROWN MEDIUM LIMESTONE 70 15
WHITE SOFT LIMESTONE 115 175 |
LT. BROWN SOFT LIMESTONE 175 280
WELL TEST * — WHITE SOFT LIMESTONE 280 350
Pre-Pumping Static Level 36 fi. Date 4/22/2010 . ;
Measured from TOP OF CASING Water Encountered At 00 100
Pumpirg test method _AIR 180 170
Test Rate gpm Duraiion of Test hrs. 220 240
Feet of Drawdownn _  ft. Sustainable Yield 300 gpm 300 350
*{Attach a copy of the pumping test record, per section 1521.05, ORG)
Is Copy Allached? [ Yes Kl Ne  Flowing Well? [] Yes X No
| PUMP/PITLESS
Type of pump G—f%’?h Cafvf Capacity _Zfzp__gpm
Pump sel at ASD . Pilless Type
Pump installed by
| hereby certify the information given is accurate and carrect to the best of my knowledge.
Drilling Firm STOEPFEL DRILLING, LL.C
Address 12245 SR 115
City, State, Zip _OTTAWA OH 45875
Signed __ ROGER WINKLE/GARY YONDER EMBSE Date_ 8/11/2010
(Fiied Electronicalty) Aquifer Type (Fommation producing the most water) LIMESTONE
ODH Registration Number 0115 - Date of Well Completion 4/22/2010 Total Depth of Well 350 f,

Compiletion of this form is required by section 1521.05, Ohio Revised Code - file within 30 days after completion of drilling.
Distribute copies of this record to Customer, and Local Health Deptartment.



WELLLOGANDD

DNR 7802.05¢ Ohip Department of

Division of Water, 2045 Morse Road, Columbus, Chio 43229-6605
Voice (614) 265-6740 Fax (614) 265-6767

WELL LOCATICN

R otleert 1

Well Log Number
2001245

Page 1 of 1 for this record.
CONSTRUCTION DETAILS

RILLING REPORT

Natural Resources

i

County OTTAWA Township HARRIS

Drilling Method: _MUD ROTARY
BOREHQLE/CASING {Measured from ground surface)

; {Borehole Diameter 12.25 inches Depth 98 ft.
ROTHERT FARMS Casing Diameter 8 in. Length 98 ft. Thickness _ 041 in,
Ovmer/Builder Borehole Diameter inches Depth ft.
1084 5 OPFER'LEN_"Z RD 2 {Gasing Diameter. in. Length . Thickness in.
Address of Well Location Casing Height Above Ground ft.
City ELMORE Zip Code +4 43416 1: PVC
PermitNo. Sedion; andor LotNo. Type {.,
Use of Well AGRIGARRIG . 1. Solvent
Coordinates of Well (Use onty one of the helow coordinate systerns) Joln‘ls{
Staie Plane Coordinates SCREEN
N X - ft. Diameter in. Slot Size in.  Screen Length f.
s Y H- . Type Materiat
Latitude, Longitude Coordinates Set Batween . and ft.
Latiude; _41.28779 Longitude; 8319403 GRAVEL PACK (Fillgr Pack) VoUWt
Elevation of Well in feet: +H- fi. Mat%’:glé’ Used
Daturn Plane: [ NAD27 NAD&3  Elevation Source Method of Installation
Source of Coordinates: GPS Depth: Placed From: ft. To: fi.
Well location written description: | GROUT : VoL,
] Material_Bentonite slurry Used 8
Hi.H S Method of Installation _Pumped w/ Tremie pipe
£ ,3 293K Depth: Placed From: 0 _fi. Tor 98 ft
. : . DRILLING LOG* |
Comments ort waler quality/quantity and well corstruction: FORMATIONS INCLUDE DEPTH(S) AT WHIGH WATER IS ENCOUNTERED.
< o~ i A Color Texiure Formation From | To
Surdacee Clevationm BROWN SILT AND CLAY 0| 14
G Ty A am GRAY CLAY & GRAVEL | 18
LIMESTONE 18 345
WELL TEST * .
Pre-Pumping Static Level 30 ft. Date 4/6/2605
Measured from _TOP OF CASING
Purnping test method _ PUMPING
Test Rate 240 gpm Duration of Test 4 hrs.
Feet of Drawdown ___ 40 fi.  Sustainable Yield 240 gpm
*(Attach & copy of the pumping test record, per section 1521.05, ORC)
Is Copy Attached? [] Yes X} Na Flowing Well? [] Yes X] No
| PUMP/PITLESS
Type of purnp SUBMERSIBLE Capacity 225 gpm
Pumpset at _ 145 fi. Pitless Typa WELL SEAL
Pump insfalled by_SHIDLER & WILDER WELLS & PUMPS, INC
1 hereby certify the information given is accurate and cormect o the best of my knowledge
Drilling Firm SHIDLER & WILDER
Address 17333 IDA CENTER RD
City, State, Zip PETERSBURG M| 49270
Signed ___ ALLEN SHIDLER Date__2/15/2008
(Fiied Electronically) - Aquifer Type (Fommation producing the most water) LIMESTONE
ODH Registration Number 20230DH Date of Well Gompletion 416/2005 Total Depth of Well__345 _ fi.

Completion of this form is required by section 1521.05, Ohio

Revised Code - file within 30 days after completion of drilling.

Distribute copies of this record to Customer, and Local Health Deptartment.



pdliert 2
WELL LOG AND DRILLING REPORT : Well Log Nurmber

DNR 7802.05¢e Ohic Bepartment of Natural Resources i 2001244 l
’ Division of Water, 2045 Morse Road, Columbus, Ohic 432209-6605 ! d
Voice (614) 265-6740 Fax (614) 265-6767 Page 1 of 1 for this record.
| WELL LOCATION CONSTRUCTION DETAILS 1
Drilling Method: MUD RGTARY
County QTTAWA Township HARRIS BOREHOLE/CASING (Measured from ground suirface}
. {Borehole Diameter 12.25 inches Depth 100 L
ROTHERT FARMS Gasing Diameter, 8 in. Length ___100 i Thickness _ 041 in.
Ouwner/Builder Botehole Diameter inches Depth fi.
HGWY 105 2 {Casing Diameter in. Length #t. Thickness in.
Address of Well Location Casing Height Above Ground by #
City ELMORE Zip Code +4 43416 1: VG
PemitNo. Sodion; ardor LotNo. Tyee {,
Use of Well_ AGRIC/IRRIG . 1: Solvent
Coordinates of Well {Use only one of the below coordinate syslems) qus{Er
State Plane Coordimates SCREEN
NO X - fL Diameter in. Slot Size in. Sereen Length ft.
s Y + 18 Type Maierial
Latitude, Longilude Coordinales Set Between _ . and_ ft.
Latiude: _41.2657 Longitude: _ 8314191 GRAVEL PACK (Flier Pack) VoWt
Flevation of Well in feet; . +H- fi. Maiesrigg Used
Datum Plane: [] NAD27 NAD82 Elevation Source Methad of Installation
Source of Coordimates; GPS Depth: Placed From: . To: f.
Well locaiion written description: GROUT
= - Vol/Wt.
Material_Eentonite slurry Used 8
i L{QZ}‘{‘;) <>, 25 517 Method of Installation _Pumped wiTremie pipe
* Gepth: Placed From: 0 ft. To: 100 ,
. . . . DRILLING LOG" ]
Coriments on water quality/quantity and well construction: FORMATIONS INGLUDE DEPTH(S} AT WHICH WATER IS ENCOUNTERED.
Svrdawe cleva oL e ot Color Texiure Formation From | To
-1 %@@ , e o1 BROWN SMALL CLAY & GRAVEL . 0 18
- TR S e GRAY SMALL CLAY & GRAVEL 18] 21
- LIMESTONE 21 365
WELL TEST *
Pre-Pumpiniy Static Level Xl fi. Date 6/21/2005
Measured from _TOP OF CASING
Pumping test method _PUMPING
Test Rate 280 gpm Duration of Test 6 hre.
Feet of Drawdown __ 45 fi. Sustaitable Yield __ 280 . gpm
*(Atach a copy of the pumping test record, per section 1521.05, ORC)
Is Copy Attached? [ Yes X} N Flowing Well? [] Yes X] No
| PUMP/PITLESS
Type of pump SUBMERSIBLE Capacily J_ﬁgpm
Pumpset at __166 f Pifless Typg WELL SEAL
Pump installed by_SHIDLER & WILDER WELLS & PUMPS INC.
T hereby certify the informanion given is accuraie and correet to the best of my knowledge.
Drilling Firm SHIDLER & WILDER
Address 17333 RD IDA CENTER
City, State, Zip_ PETERSBURG M| 48270
Signed ALLEN SHIDLER Date__ 2/15/2006
(Fited Electronically) Aquifer Type (Formation producing the most water) LIMESTONE
©ODH Registration Number 20230DH Date of Well Compietion 6/21/2005 Total Depth of Well 365 #.

Completion of this form is required by section 1521.05, Chio Revised Code - file within 30 days after compiletion of drilling.
Distribute copies of this record to Customer, and Local Health Deptartment.



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

13.0 Appendix C —Well Logs Used for Observation
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WELL LOG AND DRILLING REPORT 6653214

State of Chio
NO CARBON PAPER DEPARTMENT OF NATURAL RESQURCES {lw
NECESSARY - Division of Water

Fountain Square

SELF-TRANSCRIBING Columbus, Ohio 43224

Parmit Number

COUNTY.L.L H S TOWNEHIF /7/?- LELS SECTION OF TOWNSHIP,

ownzu_ﬂml.d_ﬁ:.ad___._.____ Annnusw._,ﬁ hi
LOCATION OF pnopzuw_&;lmg_ﬂzm_.;_ml_d_mﬂgl_ '/‘f s, A of BT SV

CONSTRUCTION DETAILS BAILING OR PUMPING TEST

{specity ons by circling)

Casing dinmater 45—“7719 ” Langth of casing SZ2 5’ Test rate...n-..g____ gom Duration of test .2 4

Type of screen Length of screen Drawdown ..._33__- _‘7&#2&.—_._
Type of pump : Static levei {depth 0 water) o, 7

Capacity of pump . . 1 Quality (clear, cloudy, mste. odor)

Depth of pump astting

Date of completion Pump inatallod
Rotary O or Gatde D3 e b
WELL LOG* SKETCH SHOWING LOCATION
Formations: sandstone, chals, ¢ T Locate in rolérance to numbered
limestona, gravel, clay rom o ~ state highways, street intersections, county roads, etc
e la. ;, 0ft 4g n N
SabT Limerturs 4y | &/
— 15_ P adl ~
&t]i - Rne s Fprgrafroe 7z P e At s
—honestor e 55 | fas”

b R

‘:tgbl‘;’f e J?Z ’

TAYS ) i‘ﬁ?/zf—«s w‘tté:\ E
L,g,‘[l o “{trfj Wa.//
Aﬂﬁ_—ém

6:/.16_/96 Eﬁ/xr.:,t'

S

* If additionat space is newded to complots well Iot uso ‘\jlgl consecutively numbersd form, DNR 7802
KIMBALL WELL DRILLI — 7 p
DRILLING FIRM 5300 WOODWILLE-ROAD.  REGISTRATION NUMBER 2 paTe & /2248

ADDRESS NORIHWOOD, OHIO 43619

SIGNED .J_?__,LIZQ:ZM
Completion of this form is required by 1521.08, Ohio Revisad Code - file within 30 days after completion.

WHITE ORIGINAL COPY . ODNR, DIVISION OF WATER, FOUNTAIN 5Q., COLS., OMIQ 43224 + Biue - Customer's Copy / Pk - Driler's Copy | Green - Local Health- Dapt. Copy

D s




DNR 780296 WELL LOG AND DRILLING REPORT

TYPE OR USE PEN : hio Department of Natural Resources
SELF TRANSCRIBING Dl\nson of Water, 1939 Fountain Square Drive Fage g 2@1 4 4 5
PRESS HARD : Columbus, Chio 43224 8971 Voice (614) 265-6739 Fax (614) 447 9503
r WELL LOCATION _ CONSTRUCTION DETAILS
: ] CiiRotary CICable  [Augered [IDriven  [CIOfther. :
oty 0TTAKA _ . Township l ﬁ{ﬂ% BOREHOLE/CASING (messured fiom ground surface)
~AREr / 1 %)BoreholeDiameter _ 9 inches Depth _45. it
?wnerfBuﬂder GRACE | EIIHFRAN CHU%P — : Casing Diameter__¢4 in. Length__dl_.ﬂ.Thickness__ﬂ _in.
Address of . [2@ABorehole Diameter ___ . ___inches Depth it
Well Location _{3725 # WiTTY Rp - - CasingDiameter . in.length__ ft.Thickness __ _in.
-Mamber Sreathiame Casing Height Above Ground __1? it
City_ FLHIRE : Zip Code +4__43414 10 10 S R 1°03% GALVINIIED
PermitNo. _ER4 _ sodiolotNo._4 /2, wee Lo Ln®™ 0™ ot
- {Circie Onie o Both) - -
Location of Well in State Plane . B ‘Section ’ Joints ! D(#‘hreadéd1 L Wel‘ded tH Solvent ! D_
coordinates, if available: - Use of Well _PUR! IC-FP4 . 2 2 2] ) 2 [XCther
N X 0,00 ¥ ft.orm : SCREEN ' : ‘
s Y __ D00+ ft.orm Diameter . SlotSizée_____ Screenlength___ ft
Elevation of Well 000 +- form " |Type - . Material
Datum Plain: (] NAD27 [JNADS3 Elevation Source - __|Set Between - fLand _ 7 o
Source of Ccordinates-C]GPS . Survey [[F0ther _ GRAVEL PACK Filter Pack) ) '
: Sketch a map showing distance well fies from numbeted state hlghways street Matenal/Sr_ze . ' = Volume/Weight Used
intersections, county roads, buildings or other notable landmarks, 1 latitude and Method of Installation - ' N :
long!tude are available please include here: [at:_° " Long:_ " " _ | Depth: Placed FROM ' _f.TO . . _
) Nerth - : i GROUT - ‘ ‘ ’ R
Mateérial ___BEHSEAL ' ___ Volume/Weight Used __ 4508 -
Method of Installatiori __ TRE#E. §TDE e - ‘
Depth: Placed FROM _ 44 _f.TO _ 10§ _fi
. o : DHELLENG LOG*
iNDICATE DEPTH(S)AT WHICH WATER IS ENCOUNTERED
w El O e ol Tiastone, avel sy sand, gc. | Fom]| T
: o g .
g_\, ~§ sadoy sonL 0 5
ot $""?‘ CLRY B ' 5T
CLAY AHD SROVEL . . k{] 22
o H‘" V‘D‘ sa 4 : » | B
' CERY™ R RS 39
| CLAY AND GRAVEL . : . ki 4}
LINESTONE - . 4] 165 -]
WELL TEST* R e
Pre-Pumping Static Level 40 ft. Date __ 09/14/01
Measured from: [ Top of Casing  [] Ground Level Dibthe‘r_mﬁ__-_'
i [(Bailing  [JPumping* [JOther___ _
TestRate _ 43 ~  gom Duration of Test _24 ‘hrs. |
. FeetotDrawdown _73 ~ ft.-  Sustainabte Yield 45 gpm
*(Attéch a coby of the pumping test record, per section 1521.05, ORC) )
1s Copy Aftached? (A¥es [INo  FlowingWell? []Yes . [FNo
Quality :
l B PUMP/PITLESS
Type of pump , - Capacity _ 0 gpm
Pump set at _G. ft. Pitless Type S
Pump installed by
| hereby certify the information given is accurate and correct to the best of my knowledge. |7
Driling Fim __EINBALL WELLORIGLING - [ .
Address - 2370 N. Biilman Road _
¢ Mate, Zip_GBnga, QK 43430 0 - o oo
Signed @,ﬁ, g W Date 14 /0801 *(If more space is needed to complete drilling log, use next consecutively numbered form.}
ODH Registration Number _57 7 Date of Well Completion _ 83/14/0] ~ Total Depth of Well___i45 -_ft.

Completion of this form is required by section 1521 .05 Ohio Revised Code - file within 30 days after completion. of drilling.

ORIGINAL COPY TO - ODNR, DIVISION OF WATEF{ 1939 FOUNTAIN SQ. DRIVE, COLS., OHIO 43224-9971
Blué - Customer's copy Pink - Driller's copy Green - Local Health Dept. copy



T -
[veiler Park
WELI-LOG AND DRILLING REPORT Sy owonay
- State of Ohio s
PLEASE USE PENCIL DEPARTMENT OF NATURAL RESOURCES N¢ 3 4 8 4 3 6 v
OR TYPEWRITER Division of Water g £
DO NOT USE INK.] , 1562 W. First Avenue R
= l Columbus, Ohio 43212
County. O77A Y A Township. /7 e 2/ LW Section of Township ¥
Owner MO Cl LoD AR ER Address [ZA MIE O
[FF8 - ‘ N e e e— e
Location of property LAy ST A2 AT e g N DS
CONSTRUCTION DETAILS BAILING OR PUMPING TEST
Cazing diameter __it_:é._ul.ength of casing__f{_/__z:_____ Pumping Rate.-:.:g_Q_--.G.P.M. Duration of test.. ... hrs,
Type of screen Length of screen..__ | D!'awdown._-._..E_g_._,,_____ft. Date
Type of pump Static level-depth to water..... 2 ¥ ft,
. - R
Capacity of pump Quality (clear, cloudy, taste, odor) <L i s U
Depth of pump setting ——
Date of completion Pump installed by -
WELL 1.OG#* SKETCH SHOWING LOCATION
Formation_x Locate in reference to numbered
Sandstone, shale, limestonc, From To State Highways, St. Intersections, County roads, etc.
gravel and clay _ .
0 Feet Fr. N.
LAY — 3
Kgan 5T pers V75 |5 o PO fa o
B - Ny J ‘
3
———————————————————————————————— - ————— e e b - ] by
IN
e e e S—— L
w. > E.
____________________ — - A——— <
___________________________________ e | X
""""""""""""""""""""""""""" I S \-——\-"""———-—4—_‘_— L ‘_,/
------------------------------- e YA oy
S.
----------------------------------------------------- See reverse side for instructions
Drilling Firm .02 55 Y R ARN I PR i A
Address S N A0 A 4 - Signed ....0...251 i

*If additional space is needed to complete well log, use next consecutive numbered form.

A



WELJ- LOG AND DRILLING REPORT

PLEASE USE PENCIL
- OR TYPEWRITER

DO NOT USE INK.]

1562 W, First Avenue

ORIGINAL

1
,—;lr!-—

State of Ohio

DEPARTMENT OF NATURAL RESOURCES

348431

2

Divigion of Water

J3Ww

Columbus, Obhic 43212

Township /}‘AAA/S

&

Section of Township

MA, CLrrEreA 7 MELZER  pgdress

S ARAMNGASE

Owner
E c et -
/"S — 'Y -~ - . a -
Location of p{‘i\em AR S oy RD AT ag S K
CONSTRUCTION DETAILS BAILING OR PUMPING TEST

=5

Casing diameter
Type of gereen
Type of pump

Length of casing._...?..-.&...-_

Length of screen... oo}

Capacity of pump

: O ,
Pumping Rate. %7 _G.P.M, Duration of test.... . hra.

Drawdown.¥8H /X it. Date
Static level-depth toc water R '8 . 1 A
Quality (clear, cloudy, taste, odor) LK Ln Aq

Depth of pump setting

Date of completion..

Purnp installed by..

WELL LO

%

SKETCH SHOWING LOCATION

Formations

Lacate in refercnce to numbered

Sands;g::,elshaillg, B{:;Stonc’ From To State Highways, St. Intersections, County roads, etc.
0 Feet Ft. N.
% —
L ECAA Y | T 1B 2l e
L KRirnEsTons | WY |\ G2
y A—

e e e i o e o e e b M

T et

e - ——

b e e e ———

et ot s e e e et

Drilling Fiem 2 LEYWAEN WromrE R

Addresa

B 2

-y

v 3 E.
st AT
S.
Bee reverse side for instructions
Date ... T /3 —_ £ P
signed . A ote W87 A o

o

%¥If additional space is needed toc complete well log, use next consecutive numbered form.

A



WELL LOG AND DRILLING REPORT

5 4
[ B o

Weli Log Number

DNR 7802.05¢ Ohio Department of Natural Resources 2028178 ‘
Division of Water, 2045 Morse Road, Columbus, Chioc 43229-6605 :
_ Voice (614) 265-6740 Fax {614) 265-6767 _ Page 1 _of 1 forthis record.
| WELL LOCATION CONSTRUCTION DETAILS |
Drilling Method: ROTARY/AIRHAMR
County OTTAWA Township HARRIS BOREHOLE/CASING (Measured from ground surface}
. {Borehole Diameter 9.5 inches Depth 60.9 fi.
MARTIN HALICEK Casing Diameter 6 it Length 919 fi Thickness _0.316 jn,
Owner/Builder Borehole Diameter 5.5 inches Depth 142 fi.
1196 S NISSEN RD z {Gasing Diameter in. Length L. Thickness in.
Address of Well Location Gasing Height Above Ground 1 fr.
City ELMORE Zip Gode +4. 43416 1: PVC
Pestrit No, 400398 Sedion;__12___ ader LotNe, Type {2;
Use of Weli_ DOMESTIC Jeint 1; O-ing
Coordinates of Well (Use only one of the below coordinate systems) o 5{ 2:
State Plane Coordinates SCREEN
N X +- fr. Diameter in. Slot Size in.  Screen Length fi.
sl ¥ - fr Type Material
Latitude, Longitude Coordinales Set Between ft. and ft.
Latitude: 414986 Longitude; _-83.300633 GRAYEL PACK {Fitler Pack) Vol
Elevation of Well in feet: 658 - i Material/ Used
Daturn Plane: [] NAD27 NAD83 Elevation Source GPS Method of Installation
Source of Coordinates: GPS Depth: Placed From: fi. To: fi.
Well location written description: | GROUT VoWt .
Materizl Bentonite/polymer slurry Used  #250
Method of Installation _Pumped w/Tremie pipe
Depth: Placed From; 60 . To: 0 fi.
. . DRILLING LOG* i
Comments on water quality/quantity and well consiruction: FORMATIONS INCLUDE DEPTH(S) AT WHICH WATER IS ENCOUNTERED.
Color Texture Formation From | Te
CLAY 0 57
' LIMESTONE 57 142
\Water Encountered At 77 77
a6 96
116 116
136 136
WELL TEST *
Pre-Pumping Static Level ___ 46 __ £, Date 7113/2010
Measured from _GROUND LEVEL
Pumping test method _AIR
Test Bate 186 gpm Duration of Test i hrs.
Feet of Drawdown 56 fi. Sustainable Yield 12 gpm
*(Attach a copy of the pumping test record, per section 1521.05, ORC)
ls Copy Attached? [] Yes X No Flowing Well? ] Yes X No
I PUMP/PITLESS
Type of pump. SUBMERSIBLE Capacity 12 gpm
Pumpsel at __110 . Pitless Type
Pump installed by__KIMBALL WELL DRILLING
I hereby cerity the inforrmation given is accurate and comect i the best of my knowledge.
Drilling Firm KIMBALL WELL DRILEING
Address 2320 N BILLMAN RD
City, State, Zip_GENOA OH 43430
Signed CURTIS KIMBALL Dale__ Bf3/2010
{Flied Eiecironically) Aquifer Type {Formation producing the most water) LIMESTONE
ODH Registration Number Q057 Date of Well Completion 7/15/2010 Total Depth of Well 142 1.

Completion of this form is required by section 1521.05, Ohio Revised Code - file within 30 days after completion of drilling.
Distribute copies of this record to Customer, and Local Health Deptartment.



WELL LOG AND DRILLING REPORT ORIGINAL

el
State of Ohio "r/ 5 B
DEPARTMENT OF NATURAL RESOURCES (4
¢ ga0 Division of Water N . 77581

/ ! /
1/} ¢ 6: ICQ/[/ Columbus, Ohio 6 Wl
L Section of Township
County. 4//’:; L Townshlp.ﬁ.“.&:_’..‘:ﬁ‘ .............. or Lot Number... —3

Owner ')‘{"“’ g /'/'./ ';..-.Z ....................................... Address 2/ L) //.{

A

. 2
Location of propcrty,t" 2L J e #/ . 5-@#/05'*?%2{#9,4?2 it g

CONSTRUCTION DETAILS PUMPING TEST
% V4 . j / .
Casing diameter . L. L5 ...... Length of casing.... > g, Pumping rate..... ... G.P.M. Duration of test._....._.... bers.
Type of screefl. s Length of screen. ... ... Drawdowm. e ft. Date e, —
Type of pUmMp oo ..., Developed capacity .
Capacity 0f PUMP v e Static level—depth to water“/\fft
Depth of pump setting .o ] Pump installed By e e e
WELL LOG SKETCH SHOWING LOCATION
nd Formha:iorl-::s ¥ ‘ Locate in reference to numbered
Sandstone, shale, limestone, rom Ta State Highways, St. Intersections, County roads, etc.
gravel and clay

_ 0 Feet | .. X.Ft. A
)%{ ""’/f*-' F F N
fﬁé . ,,/

;{fct/

Drilling Firm.....2Z

Address |

-




WELL LOG AND DRILLING REPORT

P

Well Log Number

DNR 7802.05¢ Ohio Department of Natural Resourcas i 2011236 .
Division of Water, 2045 Morse Road, Columbus, Ohio 43225-6605 - :

Voics (614) 265-6740 Fax (614) 265-6767 Page 1 of 1 ferthis record.
| WELL LOCATION CONSTRUCTION DETAILS |

County OTTAWA Towrship HARRIS

brilling Methed: _ ROTARY/AIRHAMR
BOREHOLE/CASING {Measured fram ground surface)

1 {Borehole Diameter 9 inches Depth 28 ft.
PAUL AND LAURIE DUPLER Casing Diameter_ & _in. Length ft. Thickness _0.318 _jn,
Owner/Builder Borehole Diameter inches Depth ft.
2756 S OPFER LENTZ RD 2 {Casing Diarmeter in. Length At Thickness i,
Address of Well Location Casing Height Above Ground 12 ™
City ELMORE Zip Code +4 43416 1 PVC
PermitNo. 379452 Sedio;___ 14 awdor LotNo. Type {
Use of Well DOMESTIC el T splinelock
Coordinates of Well {Use only one of the below coordinate systems) on S{ 2
State Plane Coordinales SCREEN
NO X +- fr Diameter in. Slot Size in.  Sereen Length fi.
sOO ¥ +i- fr. Type Material
Latitude, Longitude Coardnales Set Belween f. and fi.
Latitude: _41.4675 Longitude: 83.316944 GRAVEL PACK (Filler Pack) VolAWt
Elevaiion of Well in feet: +- ft. Maier%gg Used
Datumn Plane: ] NAD27 [] NADB3 Elevation Source Method of Installation
Source of Coordinates: GPS Depth: Placed From: fl. To: it.
Well location written description: GROUT VWL,
Material Bentonite/polymer sturry Used 125#
Method of Installation _Pumped wiTremie pipe
Depth: Placed From: 26 fi. To: 0 ft.

DRILLING LOG" ]

Commers on water quality/quantity and well consiruction:

FORMATIONS INCLUDE DEPTH(S) AT WHICH WATER IS ENCOUNTERED.

Color Texture Formation From | To
SANDY SOIL 0 3
) CLAY 3 18
LIMESTONE 18 102
Woarter Encountered At 82 102
WELL TEST *
Pre-Pumping Static Level 26 ft. Date 7/16/2007
Measured from (GROUND LEVEL
Pumping test method _AIR
Test Rate 12 gpm Duration of Test 1 hrs.
Feet of Drawdown .44 __ fi.  Suslainable Yield 10 gpm
*{Attach a copy of the pumping test record, per section 1521.05, ORC)
Is Copy Attached? [} Yes [X1 No Flowing Well? [} Yes ] No
| PUMP/PITLESS
Type of pump SUBMERSIBLE Capaxily 12 gpm
Pumpset at __90 f. Pilless Type MERRILL PULL THRU
Pump installed by_ KIMBALL WELL DRILLING
| hereby cerily the information given is accurate and correct ta the best of my knowled,
Drilling Firm KIMBALL WEL| DRILLING
Address 2320 N BILLMAN RD
City, State, Zip GEMNOA OH 43430
Signed CURTIS KIMBALL Dale_ 712472067
{Flied Eiectronically) Aquifer Type (Formation producing the most water) LIMESTONE
ODH Registration Number 0057 Date of Well Gompletion 711812007 ‘Total Depth of Weil 102 #.

Completion of this form is required by section 1521 .05, Chio Revised Gode - file within 30 days after completion of drilling.
Distribute copies of this record to Customer, and Local Health Deptartment.



WELL LOG AND DRILLING REPORT

Stete of Ohio
NG CARBON PAPER DEPARTMENT OF NATURAL RESOURCES 515063
NECESSARY — : Division of Water P
Fountain Sguare TE e

SELF«-TRANSCRIBING R

Columbus, Ohlo 43224
@3-47
COUNTY Qi:f‘_'; e 3 TovwnsHip_ e tri S SECTION OF TownsHIp__ &2 cF

ownzk.ﬁd_’tt,\/__m// - aooress L4005 Lrast haren L, Efwor<

LOCATION OF PROPERTY. S2r s 2.0 2bowe

Errr—

CONSTRUCTION DETAILS - BAILING OH./EUMP!NG> EST

ispucify one by citclma}

Caging dismeter J% Langth of casing__,..‘:l_.__.'a___'.,._.___ Test rate__,___.l.z_...._'. gpm Duration of tast“__,/_m_, hrs
Type of screan Length of screen e § Drawdown fit Data_l.llz‘ﬂ&&sl__—
Type of pump Static level (dapth to watar) 2L ft
Capocity of pump : : Quality (clear, cloudy, teste, odor)

Depth of pump setting

Date of completion Pump installed by
WELL LOG* SKETCH SHOWING LOCATION
Formiations: sandstona, shale, . T Locsata in reference to numbered
i r_imast_one. gravel, ciay fom ° state highways, stregt intersactions, county roads, etc.
X C L1 \s of L’ )-' ft N e %
4 N _ Elhsr{r rd
{ 3 /')1._/1: A"‘I ° L’ X~ O RT\” ,
- o e R
Armed Fow W A (o %]

S
ORILLING FamM__ - 909 Woodville Road pate___/ %/Pg

RImnT Well D¥illing

T

Toledo, Uhio 43618 ,

ADDRESS SIGNED

* |4 additional space is needed to compiete wetl log, use naxt consacutive numbered form.

ORIGINAL COPY - ODNR, DIVISION OF WATER, FOUNTAIN SQ.,COLS.,OHI0 43224

I



WELL LOG AND DRILLING REPORT
State of Ohio 711797

DEPARTMENT OF NATURAL RESCURCES Po-/x9
Division of Water
TYPE OR USE PEN 1939 Fountain Square Drive Pernit Number _/ €3 ¥ £/
SELF-THANSCRIBING Columbus, Chio 43224 oy w
PRESS HARDE (614) 265-6739 fo
COUNTY @t ee Townstp _ /Aapsi € SECTION/LOT NO.
. {CIRCLE ONE) -
uwen _Robert e iduer PROPERTY ADDRESS _/&4: Tu015 £,
i ONE OH BOTH) . _VADDRESS OF WELL LOCKTION )
LOCATION OF PROPERTY /2 ms K ab BT o7 N cuol, of R tos
' CONSTRUCTION DETAILS

CASBING

P GROUT
ommeter_.‘.f.,ZKn tengh 27w wall Thickness

: ' i i Material _BLAL.{%L__Vquma used ——
Type: X{Stesl  KGav. OPVC  TOther Method of instaliation . £

Joints: & Thweaded D Welded O Solverd T Other Depih: placed from &4 Lo 7 86 i
S$CREEN GHAVEL PACK
Type (wire wrapped, louvered, elc.) Maerial Material Voluma used
Langth ft. Diameler in.  Method of instaliation
Sat betwesn ft and . Slot * Depih: pfaced from ft to fL
OCable DAugered ODrven ODuwg OOther . Pitiess Device pler [ Preasssmbled unit
Date of completion _Z2/ 77/ %0 Uss of Well <.
PUMP ] : WELL TEST
Type of pump Capacity gpm | Baling O or Pumping O s
Pump sal at t fTestrate __ &2 gom Durstiorioflest — s
Pump Instalied by Drawdown d ft
‘ " Msaasured from: ﬁ(tnp of casing [Jgroundievel OOther ...
= WELL LOG Siatic Level (depthtowater) ¥4 f Dae B 7/ P
ICATE DEPTH(S) AT WHICH WATER IS ENCOUN]ERED "
2w cokor, taxturs, hardness, and formation; Qualty [cloar, cloudy, lasta: odar)
sandstone, shale, limaztone, gravel, clay, sand, elc. From To (Attach a copy of the pumping test record, per 1521.05, GRC)
Sradtfrady £ /W o | g3t SKETCH SHOWING LOCATION
: Show distances well fies from numbered
e ! “{ 13 “ / ~ state highways, sireel intarseciions, counly roads, &tc.
Shale Line ' Hy |47 - N oher
-~ ! - ] ’
L imesteone 47 | 7? RTs/ 5 e
pet!
W"”" | AT o™ % _ : E

* 1§ additonel space is neaded kx cOMpiste wed log, ues Muc consscutivoly rumbdred DNR 7802.88
sanuneFed _ KIMBALT WELL DRIELING  sisneo OW

~DRESS 2320 N, Rillman Road DATE ?//7'/ ¥

¥, STATE, I __(enoa,_Qhio 43430 : ODH REGISTRATION NUMBER 5~ &

Completion of this form Is required by 1521.03, Ohio Revised Code - Rl within 30 days atter completion of drilling.

ORIGINAL COPY - ODNR, DIVISION OF W TER, 1939 FOUNTAIN $SQ. DRIVE, COLS., OHIO 43224
Bue - Customer's Copy Pk - Dlllm’sCopy Gresn - Local Heaith Depi. Copy




E——— — e o .
WELL LOG AND DRILLING REPORT
State of Ohio 595515

DEPARTMENT OF NATURAL RESOURCES | 525
Division of Water
TYPE OR USE PEN 1939 Fountain Square Drive Permh Number 8 T P72
SELF-TRANSCRIBING Columbus, Ohio 43224
PRESS HARD! {614) 265-6739
COUNTY Cttau= TOWNSHIP H YO R SECTIONALOT NO.

ICIRCLE ONE}

OWNER/BUIDER _ ST ewed  Aowdt -/ PROPERTY ADDRESS o5,
(CHRCLE ONE OP BOTH} )' [ADDRESSOFWE.LLNI‘HONH
LOCATION OF PROPERTY _MMM&HMJA;&_M

| CONSTRUCTION DETAILS
CASING -~ ' GROUT

Diamater .3 2/42 in.  Langth 37 & wanThickness in.  Matsrial _ELI -2 / Volumg used loo i

Type: FSiesl  Mgalv. OPVC O Other Method of instaliation - )

Joints: X Threaded O Welded O Soivent 0 Other Depth: placed from _.._‘.‘? o s n

SCREEN GRAVEL PACK

Type {wire wrapped, louvered, etc.) Material Material Volums used

Length & Diameter in.  Maethod of installation

Sel between it and fi. Sot Ouapth:  piaced from ft. 7o fL
,Kﬁntary DCable OAugered OOriven TODug OCther .~ Pitless Davice  OAdapter O Preassembled unit

Date of completion T/ ELES. Use of Well

PUMP WELL TEST

Type of pump Capacity gom |Baiing &  or Pumping O

Pump sel at t | Testraw A= oom Durstionoftest - hrs.

Pump instaisd by | Drawdown 7 A

» Measurad from: DOtop of casing Sgroundievel DOther
- WELI; :'OG : - Static Level {depth lo waer) _.fa_.__n. Date: __ZA/8 40D
ATE DEPTH{S) AT WHICH WATER IS ENCOUNTERED. " , odor)
L.‘ .-« color, texturs, hardriess, snd formalion: Quaifty (clear, cioudy, tasis,

sandstone, shale, mestone, gravel, clay, sand, elc. From To {Atiach a copy of the pumplng lest record, per 1521.05, ORC)
Vol T | en |y | SKETCH SHOWING LOCATION
S0kt Jimesto 47 | 49 e A
dimestom » 5P | 62
L:-//;J ?“,{_,
R
e« N1yl
K i aeiiional spece s reeded 10 complete well [og, 138 next consacutivaly numbered lorm " DNR 7802.88
. LncemM —___ KIMBAtL WELL DRILLING sicnen /2 M
CITY, STATE, ZIP NORIHWOOD, OHIO 43619 ODH REGISTRATION NUMSER __. 2~

Compietion of this form is required by 1521.05, Ohio Revised Code - file within 30 days after completion of drifing.
ORIGINAL COPY - ODNR, DIVISION OF WATER, 1939 FOUNTAIN SQ. DRIVE, COLS., OHIO 43224

Blue - Customers Copy  Pirik - Driler's Copy  Gresn - Local Health Oept, Copy




WEL LOG AND DRILLING REPTRT WGML
State of Ohio 3 \./

NO CARBON PAPER DEPARTMENT OF NATURAL RESOURCES e b
NECESSARY = DiViSion Qf Geological Survey 4 8 4 3 2 4 P
SELF-TRANSCRIBING Fountain Square

Columbus, Ohio 43224 Phone {614} 466-5344

SECTION OF TOWNSHIP 8
couuTv._Qm_hLE__ TOWNSHIP HIQRR\Q OR LOT NUMBER

b~ - _ .
OWNER ADGRESS
LOCATION OF PROPERTYM F?O /ﬂ'h' NORT‘H oF Rt# F/Q(“'
CONSTRUCTION DETAILS BAILING OR PUMPING TEST

[spacify ons by circling)

4N" 2’ 7
Casing diameter Length of casing__\i_— Tast rate apm Duration of test heg
Type of screen lengthofscreen ee— 1 medown__\i__ ft Dam_MLZI:_*

Type of pump Stetic level {depth 10 water) . 30 ft
Capacity of pump i Quality {clear, cloudy, tasta, odor} CZEJQR

Depth of pump setting

Date of completion Pump instatled by

WELL LOG* SKETCH SHOWING LOCATION

Locata in reference to numbeared
state highways. strést intersections, tounty roads. &tc.

. Clay °f | $3 " N 2 5
_LimEsTore 53| 723’ |

Formations: sandstone, shale,

limaestons, gravel, clay From To

LT

o ‘- ot | S

i Weﬂ Drilling
RILLING FIRM%M Raad DATE. el jo l? AN

ADDRESS__M. Urou $3616 SIGNED

%1f additional space is needed to complets well log, use next consecutive numbered fom, - H



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

14.0 Appendix D - Ground Water Level Measurements From May
2011 to September 2011

72



Well_Log Address WellSymbc Latitude Longitude X2 Y2 WellYield SurfEle

665324 1709 Nisse BenchLC 41.49196 -83.3004 1749073 1273131 20 609
921445 Witty/SR 5 GLC 41.4877 -83.3049 1747834 1271589 45 615
348436 1795 Ellistc JSE 41.49105 -83.2775 1755356 1272744 12 603
348437 1795 Ellistc JSW 41.49098 -83.2784 1755109 1272721 20 602
2028178 1196 Nisse MH 41.49857 -83.3006 1749048 1275541 15 609
77581 17821 SR 1 ML 41.4906 -83.2768 1755536 1272578 null 605
2011236 2756 Opfer PD 41.476 -83.3193 1743847 1267359 12 619
615063 1400S. ErnRH 41.49588 -83.2897 1752027 1274534 12 609
711797 18587 SR 1RW 41.48178 -83.2906 1751735 1269396 10 611
696615 1920 S Ern:SU 41.48819 -83.2897 1752002 1271731 20 606
484324 1581 Ellistc WH 41.49329 -83.2789 1754979 1273564 16 609
2028314 Nissen Bench 1 41.49241 -83.3002 1749096 1273399 300 609
2025323 Elliston-Trc Bench 2 41.49258 -83.28 1754162 1273436 300 609
20283009 S. Ernsthau Luckey 41.49443 -83.2939 1750871 1274016 300 610
2001245 Opfer-Lent Rothert 1  41.47969 -83.3237 1742653 1268715 240 618

2001244 SR 105 Rothert2  41.49278 -83.2367 1766546 1273281 280 597



SWL51911 SWL61511 SWL71411 SWL72011 SWL8911 SWL9911 GWES51911GWE6511 GWE71411

32.03
0
31.89
32.47
334
31.58
22.5
32.97
0
35.33
0
34.48
33.58
33.45
22.5
0

33.2
35.67
33.68

34.2
34.86
33.34
22.78

34.5
41.96
36.51

34
34.59
36.41

34.5

27.91
17

50.6
47.25
43.03

43.6

45
42.72

24.7
43.98
51.78
47.76

43
102
150

47.96
39.13
23.1

46.58
45.23
41.88
42.45
45.08
41.59
24.86
43.15
55.6
46.28
42.03
46.08
37.62
45.18
25
23.17

41.18
39.76
37.17
37.77
39.42
36.81
23.5
38
44.04
40.55
37.65
39.8
38.79
38.7
24.2
22.35

36.4
37.98
34.35
3491
36.88
34.06
23.18
35.96
42.42
38.35
34.92
36.62
37.22
36.44
24.32
22.24

576.97
0
571.11
569.53
575.6
573.42
596.5
576.03
0
570.67
0
574.52
575.42
576.55
595.5
597

575.8
579.33
569.32

567.8
574.14
571.66
596.22

574.5
569.04
569.49

575
574.41
572.59

575.5

590.09
580

558.4
567.75
559.97

558.4

564
562.28

594.3
565.02
559.22
558.24

566
507
459
562.04
578.87
573.9



GWE72011 GWE8911 GWE9911 DD615714 DD200PUN DD250PUN DDB1B2LUCKY

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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Figure 1 Joe Street East Well
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GROUND WATER INVESTIGATION OF THE CARBONATE BEDROCK AQUIFER - OTTAWA COUNTY, HARRIS TOWNSHIP, OHIO

15.0 Appendix E - WellZ Ground Water Model Well Interference
Calculations for 14 Days




Groundwater investigation of the carbonate bedrock aquifer to evaluate the impact
of pumping high yielding irrigation wells on local and domestic water supply
wells in Ottowa County, Harris Township, Ohio

Report for the Calculation of Drawdowns for 14 Days at 250 GPM

No. of Interval in X: 10
No. of Interval in Y: 10

Minimum X; 1739000.00 {t
Maximum X: 1774000.000000 ft
Minimum Y: 126000.00 {t

Maximum Y:1283000.000000 ft Solution Aquifer Model Leaky-Theis
Transmissivity 265.0 ft2/day
Storativity Parameter

Pumping Time: 14.000 for the Leaky-Confining Layer | 0.0001

Days Hydraulic Conductivity 0.03 ft/day

Number of Pumping Wells: 2 Thickness of Aquifer 360.00 fi

Unit Used in the calculation:
Pumping Rate: 250 GPM
Length and Drawdowns: Feet

Well No. | Well Name | Pumping Rate

Bench 1 250.000

Bench 2 250.000

Number of Monitoring Wells: 14

Type Well Name | Drawdown

Monitoring Wells | GL.C 9.219

Monitoring Wells | JSE 17.567

Monitoring Wells | JSW 20.829

Monitoring Wells | MH 10.109 Drawdowns in :SURFER grid format
Monitoring Wells | ML 24.122 Cut the following output to be used in
Monitoring Wells | PD 0.209 SURFER

Monitoring Wells | RH 11.985 DSAA

Monitoring Wells | RW 3.087

Monitoring Wells | SU 9.667

Monitoring Wells | WH 29.258

Monitoring Wells | Luckey 15.123

Monitoring Wells | Rothert 1 0.21

Monitoring Wells | Rothert 2 0.014

Monitering Wells | BLC 59.795




Groundwater investigation of the carbonate bedrock aquifer to evaluate the impact
of pumping high yielding irrigation wells on local and domestic water supply
wells in Ottowa County, Harris Township, Ohio

Report for the Calculation of Drawdowns for 14 Days at 200 GPM

- No. of Interval in X: 10
No. of Interval in Y: 10

Minimum X: 1739000.00 ft
Mazimum X: 1774000.000000 ft
Minimum Y: 126000.00 {t

Maximum Y:1283000.000000 ft Solution Aquifer Model Ieaky-Theis
Transmissivity 265.0 ft2/day
Storativity Parameter

Pumping Time: 14.000 for the Leaky-Confining Layer | 0.0001

Days Hydraulic Conductivity 0.03 ft/day

Number of Pumping Wells: 2 Thickness of Aquifer 360.00 ft

Unit Used in the calculation:
Pumping Rate: 200 GPM
Length and Drawdowns: Feet

Well No. | Well Name | Pumping Rate

Bench 1 200.000

Bench 2 200.000

Number of Monitoring Wells: 14

Type Well Name | Drawdown

Monitoring Wells | GLC 7.376

Monitoring Wells | JSE 14.054

Monitoring Wells | JSW 16.663

Monitoring Wells | MH 8.087 Drawdowns in :SURFER grid format
Monitoring Wells | ML 19.298 Cut the following output to be used in
Monitoring Wells | PD 0.168 SURFER

Monitoring Wells | RH 9.588 DSAA

Monitoring Wells | RW 2.47

Monitoring Wells | SU 7.732

Monitoring Wells | WH 23.406

Monitoring Wells | Luckey 12.098

Monitoring Wells | Rothert 1 0.168

Monitoring Wells | Rothert2 | 0.011

Monitering Wells | BLC 47.836
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