
 
 
WASHINGTON COUNTY PRODUCED WATER INVESTIGATION 
EXECUTIVE SUMMARY  

  
  
  
In late 2019, three owners of production wells in Washington County reported to the Ohio Department of 
Natural Resources, Division of Oil and Gas Resources Management (Division) an increased flow of salt water, 
known as brine, during their extraction process in 28 production wells located in the Berea Sandstone 
formation. While some amount of brine is expected to be produced along with crude oil and natural gas, 
these owners reported seeing a higher volume than normal. The owners believed that the brine came 
from a nearby Class II Saltwater Injection Well, Redbird #4, in the Ohio Shale formation, which sits below 
the Berea Sandstone formation as shown in Figure A. The Division has received no reports of adverse 
effects to human health or safety associated with any of the wells at issue.  
 
The Division began investigating the matter, and scientists in the Division’s Underground Injection Control 
program requested and procured available data, including samples from the 15 production wells where 
brine samples could be obtained. The Division contracted with a third-party, Resource Services 
International, to analyze the data and determine if brine was travelling from Redbird #4 to the production 
wells.  
 
The Division also discussed the allegations of brine travelling out of its injection zone with the owner of 
the Redbird #4 injection well in March of 2020. As of May 22, 2020, the owner voluntarily completed 
modifications to the Redbird #4 well to seal off the Ohio Shale formation. The Redbird #4 had not actively 
injected since November of 2019 because of an unrelated pump problem.  
 
Key Report Conclusions 
 

• Wastewater injected into the Ohio Shale Formation from the Redbird #4 well is the source of brine 
that has appeared in several production wells drilled into the adjacent Berea formation. The 
conclusion is based on data and water samples obtained from both the injection well and the 
production wells.  

• Naturally occurring fissures exist between the Ohio Shale formation and the Berea Sandstone 
formation, allowing wastewater to migrate between the formations and into the production 
wells.  

• Since Redbird #4 is no longer injecting brine into the Ohio Shale formation, brine volumes in the 
impacted production wells are expected to decrease and natural gas production will return to 
expected rates.  

• It is unlikely that wastewater will migrate farther – including into underground sources of drinking 
water due to the composition of the rock layers and other factors.  

  
Actions by the Division of Oil and Gas Resources Management 
  
Based on these conclusions and the unique geologic makeup of the area around the Redbird 
#4, there is currently no reason to believe that this issue is occurring in other wells outside of 



 
this area. However, as a result of the initial complaint and in advance of the of the report’s 
findings, the Division did the following:   
 

• Collected samples from two other Class II Saltwater Injection operations injecting into the Ohio 
Shale within a ten-mile radius of the Redbird #4 well to allow for testing to determine if any 
wastewater is migrating out of the injection formation.    

• Added conditions to all newly permitted Class II Saltwater Injection Wells after August 11, 2020. 
These conditions allow the Division to stop operations if fluids injected into the well do not remain 
in the zone in which they were injected and will require operators to perform additional testing.  

• Contracted to plug an idle and orphan well located near Redbird #4 that contained wastewater, 
removing water from the Berea Formation.  

• Compiled a list of 11 nearby wells that are being examined for determination if they qualify as idle 
and orphaned wells to be plugged by the Division’s Orphan Well Program.  

  
Moving forward, the Division will 
  

• Engage an expert to provide further findings to determine if additional regulatory action is 
necessary.  

• Prohibit the issuance of new Class II Saltwater Injection Well permits into the Ohio Shale 
formation within a ten-mile radius of the Redbird #4 until further studies of nearby injection wells 
are completed.  

• Prepare a Scope of Work to contract a third-party consultant to conduct a groundwater study to 
corroborate the conclusions of the report.  
 

The Division strives to protect human health, safety, and the environment and will take all necessary 
action to investigate any complaints it receives and will respond accordingly. While no surface 
environmental impacts have occurred, and the Division has not received any reports of contamination to 
groundwater in the geographical area, any residents who have questions should contact the Ohio 
Department of Natural Resources, Division of Oil and Gas Resources Management, at (614) 265-6608 or 
oilandgas@dnr.state.oh.us.   
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4. The brine is transported through existing natural fractures, which provide a linear flow path 
and low-pressure resistance to water injected during the Redbird #4 disposal operations.  The 
orientation of the fractures is approximately N79E from the Redbird well. 
 

5. The natural fractures have low water storage capacity and demonstrate low backpressure to 
injection.  Thus, once brine injection ceased at the Redbird #4 Well into the Ohio shale and 
stopped recharging the fractures, water production at the producing gas wells is expected to 
decrease and gas production will return to historic rates. 
 

6. Further, due to the low volume of injected brine, the production of water at the gas wells, and 
the high porosity of the Berea Sand, it is unlikely that brine intrusion will occur in aquifers 
shallower than the Berea.  Also, the over-lying strata is constraining upwards migration. 

 
 
 
HISTORY  
 
During the latter half of 2019, significant water production from producing Berea gas wells, which had 
historically produced little or minimal water, was reported to Ohio Department of Natural Resources 
(“ODNR”).  Further it was posited by the gas well operators that the source of the new produced water 
may have been the Redbird #4 injection water.  This observation was based on the absence of water 
production until shortly after injection began at the Redbird #4 well.    The wells were producing from 
the Berea sandstone at approximately 2000 feet above the top perforations in the Redbird #4 and are 
located one to more than five miles from the Redbird well. 
 
Water samples were collected from some of the gas producing wells and certain fresh water source 
wells IN Washington County and analyzed for common cations and anions.  This data is presented in 
Appendix B.  Water analyses for each well including, the injection sites at the Redbird #4 and the 
Flowers, were provided by the Ohio Department of Natural Resources (“ODNR”). 
 
Figure 1 and 2 in Appendix A are maps presenting the location of the Redbird #4 and the surrounding 
wells lying to the east of the well.   Figure 1 includes the distance from the Redbird #4 to each well and 
values of concentrations of TDS and chlorides.  Figure 2 is a heat map of the same data plotted with 
iso-concentration contours.  The lighter colored areas indicate high TDS and chloride concentration, 
the darker areas indicate low concentrations.    
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The significance of the heat map is that a strong grouping of wells lying approximately N79E of the 
Redbird well all show both high TDS and chloride very similar to the reported injection water at the 
Redbird well.  Further, several wells not on the N79E trend, show significantly lower TDS and 
chloride, the darker areas of the heat map Figure 2, than the Redbird and the on-trend wells.  This is 
a strong indication of a direct connection between the Redbird and the indicated producing wells. 
 
A second indication of the direct connection between the on-trend wells and the Redbird #4 is the 
observation provided by the gas producers that little water in their wells was produced until the 
injection operation started. 
 
Data regarding the potential water to be sourced from the Big Injun Sandstone largely indicates the 
water is not sourced from this reservoir.  The reservoir is a high porosity and permeability reservoir 
which in certain areas produces brine.  The casing and tubing design used in the Redbird #4 well 
indicate the water cannot sourced from the Big Injun.  Further, if the Big Injun is the water source at 
the gas wells, more water would be produced than has been reported. 
 
The conclusion reached from this data and analysis is the source of the water is the Redbird #4 and 
moved from the well to the producing wells in a linear feature, likely an in-situ fracture, with a N79E 
trend. 
 
 
SOURCE OF PRODUCED BRINE 
 
Brine injection in the Redbird #4 well, SW/SW section 24, Washington County Ohio, was started 
November 10, 2018 through perforations into a thick interval of the Ohio shale between 3676 feet to 
4070 feet.   The first day injection volume was 10,052 barrels at an average rate of 418 barrels brine 
per hour.   Injection operations into the Ohio Shale at the Redbird #4 ceased December 5, 2019 after 
approximately 4.2 million cumulative barrels of brine were injected.  The source of the injected brine 
was wastewater from various well site operations in Ohio and adjacent states.   
 
“The primary dissolved components of oilfield brines, sodium and chloride, are present in virtually 
all groundwater to some extent, due to the interaction of the water with the soil and rock matrices 
through which it flows. Contact with geologic materials such as evaporite minerals can result in 
groundwater with naturally high concentrations of total dissolved solids (“TDS”), including chloride 
among other ions, especially in arid and semi-arid regions.”  (Lee et.al. ref. 2).   
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Once the brine is injected and forced to flow along the fractures, the brine reacts with the rock material 
and is altered by the minerals within the rock.   When water is injected into a marine environment 
deposited rock, as is the Ohio Shale, the water typically becomes more saline than static water in the 
same formation.  Due to the movement along the fracture, the brine will further pick up additional 
TDS from erosion of the fracture face. 
 
These processes have been extensively studied and reported, especially for oil field brines.   Hem (ref 
1) has extensive discussion on liquid-solid interfaces and geologic effects with references to the 
processes of ionic exchange and erosional effects.  Lee (ref 2) presented similar information except his 
studies related to changes in rocks caused by exposure to oilfield brines, the reverse direction of 
changes, but both processes and conclusions are the same.   It is fully expected that the brine injected 
at the Redbird #4 will increase in TDS from erosion and increase both calcium and sodium 
concentrations from ionic exchange processes.  Water produced from the fracture will thus 
consistently demonstrate higher concentrations of the dissolved components as observed in the 
producing well water samples. 
 
Although the brine was collected from different sites and different dates, the water tests of the brine 
sampled from the Redbird facility and the producing on-trend gas wells show consistently higher Total 
Dissolved Solids (“TDS”), Calcium (“Ca”), and Sodium (“Na”) concentrations than nearby wells not 
affected by the brine injection.  This can be easily seen in Figures 3 and 4b, the Schoeller and Stiff 
diagrams respectively.   
 
It was necessary to develop a method of presenting tabular data as easily observable graphics to allow 
plotting and mapping water quality changes.  This need was addressed by three primary techniques, 
Stiff diagrams (ref 6), Schoeller diagrams (ref 5) and Piper diagrams (ref 4).  Each of these techniques, 
and many variations of each, allow relatively easy visualization of water quality properties and 
differences between different water sources.      
 
“Stiff diagrams graphically illustrate the relative abundance of major ions, creating polygons with 
distinctive shapes.  Cation and anion concentration are first converted from mg/l to milliequivalents 
per liter (meg/L) to account for differences in the concentrations of different ions and are then plotted 
on horizontal axis, with cations to the left of the zero point,  anions to the right ***.  This arrangement 
reflects potential or expected mineralogical source of each of these dissolved ions in groundwater.  The 
points are then connected to form a polygon, the size and shape of which visually indicates the total 
ionic concentrations and relative importance of the individual ionic species.”  (Lee et al, ref 2) 
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Additional discussion of these diagrams can be found in Hem (ref 1) and Ohio (ref 3). 
 
The Stiff diagrams for the Redbird #4 (colored red), the off-trend producing wells (colored green), 
and the on-trend producing wells (colored blue) are presented in Figures 4a and 4b.  Note the shape 
of the polygons for the Redbird and on-trend wells are similar and distinctly different than the off-
trend wells.  This observation strongly indicates the water at the on-trend wells and the injection well 
are from the same source, while the off-trend wells indicate a different source, likely in-situ water.    
 
Schoeller (ref 5) created a different visual presentation which allows a more quantitative comparison 
of waters from different sources.  His method has been extensively modified for various purposes, but 
all modifications allow quick examination of several waters Hem (ref 1) and Ohio (ref 3).  Figure 3 
presents two versions of the Schoeller diagrams for the water samples studied.  The upper diagram has 
a separate line for each producing well and the Redbird #4.  The waters for the on-trend wells all lie 
above the injected water of the Redbird #4 indicating these waters have higher salinity than the 
Redbird #4.  Review of the water tests included in Appendix B also shows TDS in their producing 
wells is consistently higher than at the Redbird #4.  This is consistent with the ionic and geologic 
exposure of the injected water to the Ohio shale.  Further, the water samples for the off-trend wells is 
consistently lower indicating a different source water. 
 
The bottom Schoeller diagram in Figure 3 presents the average values of cations and ions for the 
Redbird #4 and on-trend wells with the average for the off-trend wells. 
 
Closer analyses of the Schoeller plots presented in Figure 3 show that calcium and sodium 
concentrations in the brine and the producing on-trend wells are approximately twice the 
concentrations of off-trend wells near the Redbird #4.   Similarly, TDS is higher in both the injected 
water and the on-trend wells.  Both the similarity between the injection water and the on-trend wells 
as well as the dissimilarity between the injection water and the off-trend wells indicate the water source 
is the Redbird #4 well.   
 
One last observation, supported by little directly-measured data but strongly suggested by the ionic 
and erosional factors of water moving in a fracture, is water would require a certain amount of transient 
time from day of injection to appearance at the producing wells.   The date of first appearance of water 
and related volume of water is insufficient to identify this time precisely.  However, the Hall plot, to be 
presented later provides certainty that the first produced water appeared in April to May 2019, after 
approximately 1.6 million barrels of brine had been injected into the Redbird.    
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FRACTURE DYNAMICS AND VOLUMETRICS 
 
A fracture, as used in this study is a vertical crack, or a series of parallel cracks known as a swarm.  A 
fracture, and in the extreme case a fault with movement alone the fracture plane, can be caused by both 
natural causes and manmade hydraulic fracturing technology.  The fractures in this study are likely 
naturally occurring as the Redbird #4 well was not hydraulically fractured.  Fracture shapes are very 
thin widths, often less than 0.05 inch, and typically great height and length measured in feet.  (Carey 
et al, ref 17).   Fractures deeper than approximately 500 feet will be vertical or near vertical and can 
extend for several miles.  The width of at fracture can vary along the length of the fracture from 0.001 
inch to 0.1 inches.   Effective permeability of fractures ranges from .05 milliDarcies to several Darcies 
(National Research Council, ref 18).   
 
A notable feature of a fracture is that the volume of the fracture is typically small due to the fracture 
width.  If the fracture is in a non-permeable reservoir and fluid is injected into the fracture and no fluid 
flows from the fracture into the reservoir, the fluid can travel considerable distances, often miles, along 
the length of the fracture relatively quickly.  Assuming the reservoir has permeability, the fluid injected 
into a fracture will enter the reservoir and travel much shorter distances along the fracture length.  The 
Ohio Shale is an extremely low permeability reservoir and water will enter the matrix of the reservoir 
only under high pressures (Abel, ref 8, Knutson et al ref 9, Knuuskraa et al, ref 10).      
 
Reported permeability of the Ohio Shale ranges from 1.0 microDarcy to 0.1 milliDarcy (Soeder, ref 
11).  Using these permeabilities, an estimate of fracture height and length,  and the maximum reported 
900 psi well head pressure, approximately 1500 psi at the fracture face, some of the injected volume 
of water will enter the matrix, the remaining volume moving along the fracture.    
 
When a fluid is pumped into a fracture, the pressure may force the width of the fracture to increase 
slightly and reduce the resistance to flow down the fracture.  In extreme cases, both the height and 
length of the fracture increase as a result.  Although the faces of the fracture are rough, the width and 
height of the fracture creates little resistance to water flowing along the fracture face.  (Bybee ref 13, 
and Carlsson et al ref 14).  Thus, little pressure is lost along the length of a fracture and the pressure at 
any point is near the pressure at the injection point. 
 
No data is available to calculate the pressure at the tip of the fracture near the producing gas wells.  
However making an arbitrary assumption that the frictional pressure lost along the fracture is 1000 
psi, two-thirds of the maximum injection pressure and much higher than realistic, sufficient pressure 
remains to support a hydrostatic head and allow water to enter the Berea Formation.   
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An additional consideration is the plastic nature of the rock material in which the rock will weaken 
with exposure to repetitive cycles of high and low pressure.  During this process other rock properties 
permanently change.  As the rock weakens, it is more prone to break along the fracture axis.  Should 
this occur, fluids travelling down the fracture may encounter lower friction losses and travel further.  
 
 
MEASURING RESERVOIR RESPONSE 
 
Well head injection pressures were recorded at the Redbird #4, often at 15 second intervals.  Daily 
injection volumes were also provided.  The pressure data is quite accurate and consistently recorded.  
This provides a solid view of the injection well pressure performance.  Figures 5 through 9 present 
portions of the pressure data with daily injection volumes.  Attempts to convert daily injection volumes 
to injection rates using the pressure data and time were unsuccessful.  Absent the production rate, 
much of the technology to evaluate the reservoir and fracture performance cannot be used. 
 
However, the pressure data shows that the initial injection pressure was generally about 450 psi.  
Beginning May 2019, the pressure increased to periods of 850 psi, typically in response to higher 
injection rates.   
 
The gradual pressure increases in both the low-pressure time prior to May and the higher pressures 
post May are likely indications that the fractures and matrix are filling and presents higher resistance 
to additional injection.  This is often observed in similar situations.   It is noted that there are four 
periods of high injection rates, indicated by the yellow ovals around the pressure trace, Figure 5.  
These periods were determined to have a significant correlation with changes in reservoir 
performance. 
 
Figures 6 to 9 present detailed and short time slices for each of these periods.  The upper graph on 
Figure 7, August 1 to August 11, 2019 shows typical performance of well head pressure increases at 
higher injection volume, and lower at lower volumes.  However, the rapid pressure fluctuations 
between 600 psi and 800 psi have no apparent explanation but appear consistently. 
 
In 1963, a working engineer, posted a one-page article in World Oil with a simplified method to 
monitor water injectivity in a water flood reservoir.  These are now known as Hall Plots. He was 
confronted with the need to optimize water flood performance in the absence of data.  No theory was 
included.  The original article gathered attention as often sophisticated data is not available.  Since that 
time his method has evolved to allow evaluation of many reservoirs that have injection, production, 



Ohio Attorney General 
Brine Intrusion in Washington County Producing Wells 
August 25, 2020 
Page 8 
 
 
 
and cross-flow from other reservoirs (Fekete, (ref 19), Advantek, (ref 20), Hall (ref 21), and Mihcakan, 
ref 22).  It uses deflections from an initial straight line to indicate changes in reservoir behavior. 
 
No modification to the original method was required to adapt the method to the Redbird #4 and its 
fracture reservoir.  The primary use of a Hall plot is to allow reservoir analysis when there is a lack of 
both accurate injection rate at the injection site and absence of water production volumes, rates, and 
pressures at the producing wells.  
 
The Hall plot, Figure 5, presents the relationship between cumulative water injection volume and a 
simple function of injection pressure.   Both the injection volume and injection pressure are available 
and accurate.  In the Ohio Shale fracture reservoir, volume is approximately equal to the volume of the 
fractures.  This characteristic is useful in examining the relationship between fluid injected and the 
reservoir volume into which the fluid is being injected. 
 
A reservoir with unchanging volume and no fluid withdrawal will present as a straight line once the 
reservoir attains some stability.  This is represented by dotted black line in Figure 5.  Note at 1.6 
million barrels of fluid, May 2019, the data deviates from the initial trend, indicating either the 
reservoir is increasing in size or, fluid is being withdrawn, effectively increasing the size of the 
reservoir.  This reoccurs at 2.4 million barrels, August 2019, 2.8 million barrels, September 2019, 
and finally 3.8 million barrels, November 2018.  Each of these inflection points indicate a change in 
reservoir producing dynamics.  The downward deflection followed by a straight line of the same slope 
as the initial data indicates either, or both, that the reservoir is increasing in size or fluid is being 
withdrawn from the system.   
 
The fracture size could increase due to extension of the fracture length, height, or width.  Since the 
Hall plot deflections occur at periods of high pressure, the fracture could be increasing in size.  
However, water production at the producing wells was originally observed shortly after the first 
deflection and high-pressure period.   
 
The pressure and rate plot shown in Figure 5 provides some insight to the operations at the Redbird 
well.  At each inflection point in the Hall plot there are measured peaks in both pressure and injection 
rate.  This is not likely a coincidence that the Hall plot deflections occur at these time periods.   Further, 
close examination of the pressure data shows the highest pressure is increasing with each time period.  
Figure 5 presents the correlation between high pressure periods and Hall plot deflections.   
 
These four time-slice Figures present an interesting glimpse of operations just prior to the Redbird #4 
injection stopped into the Ohio Shale.  During each time period the pressures are fluctuating between 
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500 and approximately 800 psi at essentially constant rates.  This surging is potentially damaging to 
the fracture strength as discussed earlier. 
 
However, a more interesting observation is the typical maximum pressure increases from less than 800 
psi in May to greater than 850 psi in November.  This is an indication that the volume of fluid injected 
is greater than the fracture volume plus water being withdrawn at the producing wells. 
 
Our conclusions based on the data and water analyses is the water injected at Redbird #4 moved down 
a small fracture system and encountered a group of producing gas wells.  The appearance of the water 
at the producing wells is merely the indication that injected water in the fracture encountered the wells. 
 
 
PROJECTED FUTURE FAULT-RESERVOIR PERFORMANCE 
 
Injection has ceased at the Redbird #4 well and no additional water influx is observed in the Hall plot.  
Thus, the water in the fault-reservoir will essentially deplete as the wells produce and water volume 
will decrease.  This should be a relatively quick process as only the 800 psi injection pressure was 
moving water through the system.  A rough maximum estimate is there will be no water production 
once approximately 2 million barrels of water is produced from the Ohio Shale fracture system, the 
difference between the cumulative injection volume and the volume at first appearance of water in May 
2019. 
 
This can be easily monitored by obtaining monthly water estimates for the on-trend wells, static fluid 
levels in affected wells, and quarterly water tests of TDS and chlorides.  Each of these should decrease 
as the brine stops movement. 
 
One additional suggestion from the ODNR office is to produce a Berea well located near the Redbird 
#4 which has shown a recent well head pressure and water at the surface.  As mentioned earlier, the 
injection pressures at the Redbird well were insufficient to overcome the static water column at the 
well.   
 
Production of water at this site should rapidly decrease water production at the producing gas wells.   
High TDS and chlorides in water tests will confirm the water source is the Redbird injection fluid and 
plotting on the Schoeller and Stiff plots. 
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Dave, 
  
Attached are preliminary results for the Curry #2 (34‐167‐4048) water sample that you submitted to the 
lab on 5/11/2020. The sample was taken at the Wellhead (39.34713; ‐81.63739) 
  
Once my LIMS is back on line, I will be able to generate a final report of analysis. 
  
pH                                                     5.23 SU 
Specific Conductivity                     208,000 uS/cm 
Alkalinity, Total                              171 mg CaCO3/L 
Acidity, Total                                  195 mg CaCO3/L 
Chloride, Total                                97,000 mg/L 
Total Dissolved Solids                   165,000 mg/L 
Total Suspended Solids                 190 mg/L 
Sulfate, Total                                  65.0 mg/L 
Hardness, Total                              44,600 mg CaCO3/L 
Iron, Total                                       63.7 mg/L 
Manganese, Total                          16.8 mg/L 
Aluminum, Total                            16.2 mg/L 
Calcium, Total                                14,000 mg/L 
Sodium, Total                                 40,600 mg/L 
Potassium, Total                            174 mg/L 
Magnesium, Total                          2330 mg/L 
Barium, Total                                  47.0 mg/L 
Strontium, Total                             641 mg/L 
Bromide, Total                               1030 mg/L 
  
If you need anything else, let me know. 
  
Jason McClarren 
Environmental Laboratory Supervisor  
Ohio Department of Natural Resources  
Division of Oil and Gas Resources Management 
325 North 7th Street 
Cambridge, Ohio   43725 
Phone:  740‐439‐5591 
Cell:  614‐205‐5174 
Fax:  740‐439‐3075 
Jason.McClarren@dnr.state.oh.us 
 



From: "Mcclarren, Jason" <Jason.McClarren@dnr.state.oh.us> 
Date: May 28, 2020 at 1:57:13 PM EDT 
To: "Ball, David" <david.ball@dnr.state.oh.us> 
Subject: McVicar (34‐167‐3028) 

  
Dave, 
  
Attached are preliminary results for the McVicar (34‐167‐3028) water sample that you submitted to the 
lab on 5/11/2020. The sample was taken at the Wellhead (39.35720; ‐81.65301) 
  
Once my LIMS is back on line, I will be able to generate a final report of analysis. 
  
pH                                                     5.36 SU 
Specific Conductivity                     155,000 uS/cm 
Alkalinity, Total                              20.8 mg CaCO3/L 
Acidity, Total                                  106 mg CaCO3/L 
Chloride, Total                                52,100 mg/L 
Total Dissolved Solids                   89,600 mg/L 
Total Suspended Solids                 672 mg/L 
Sulfate, Total                                  25.5 mg/L 
Hardness, Total                              18,400 mg CaCO3/L 
Iron, Total                                       60.3 mg/L 
Manganese, Total                          7.99 mg/L 
Aluminum, Total                            12.4 mg/L 
Calcium, Total                                5330 mg/L 
Sodium, Total                                 25,000 mg/L 
Potassium, Total                            151 mg/L 
Magnesium, Total                          1240 mg/L 
Barium, Total                                  146 mg/L 
Strontium, Total                             220 mg/L 
Bromide, Total                               349 mg/L 
  
If you need anything else, let me know. 
  
  
  
  
Jason McClarren 
Environmental Laboratory Supervisor  
Ohio Department of Natural Resources  
Division of Oil and Gas Resources Management 
325 North 7th Street 
Cambridge, Ohio   43725 
Phone:  740‐439‐5591 
Cell:  614‐205‐5174 
Fax:  740‐439‐3075 
Jason.McClarren@dnr.state.oh.us 



From: "Mcclarren, Jason" <Jason.McClarren@dnr.state.oh.us> 
Date: May 28, 2020 at 2:01:58 PM EDT 
To: "Ball, David" <david.ball@dnr.state.oh.us> 
Subject: Wilson Energy Abbott (34‐167‐3518) 

  
Dave, 
  
Attached are preliminary results for the Wilson Energy Abbott (34‐167‐3518) water sample that you 
submitted to the lab on 5/11/2020. The sample was taken at the Wellhead (39.30757; ‐81.58919) 
  
Once my LIMS is back on line, I will be able to generate a final report of analysis. 
  
pH                                                     5.35 SU 
Specific Conductivity                     125,000 uS/cm 
Alkalinity, Total                              3.36 mg CaCO3/L 
Acidity, Total                                  207 mg CaCO3/L 
Chloride, Total                                50,300 mg/L 
Total Dissolved Solids                   83,300 mg/L 
Total Suspended Solids                 383 mg/L 
Sulfate, Total                                  228 mg/L 
Hardness, Total                              16,900 mg CaCO3/L 
Iron, Total                                       121 mg/L 
Manganese, Total                          4.32 mg/L 
Aluminum, Total                            13.3 mg/L 
Calcium, Total                                4970 mg/L 
Sodium, Total                                 23,100 mg/L 
Potassium, Total                            124 mg/L 
Magnesium, Total                          1090 mg/L 
Barium, Total                                  3.08 mg/L 
Strontium, Total                             152 mg/L 
Bromide, Total                               306 mg/L 
  
If you need anything else, let me know. 
  
Jason McClarren 
Environmental Laboratory Supervisor  
Ohio Department of Natural Resources  
Division of Oil and Gas Resources Management 
325 North 7th Street 
Cambridge, Ohio   43725 
Phone:  740‐439‐5591 
Cell:  614‐205‐5174 
Fax:  740‐439‐3075 
Jason.McClarren@dnr.state.oh.us 
 



From: "Mcclarren, Jason" <Jason.McClarren@dnr.state.oh.us> 
Date: May 28, 2020 at 2:06:57 PM EDT 
To: "Ball, David" <david.ball@dnr.state.oh.us> 
Subject: Weaver Lease Wilson Energy (34‐167‐3514) 

  
Dave, 
  
Attached are preliminary results for the Weaver Lease Wilson Energy (34‐167‐3514) water sample that 
you submitted to the lab on 5/11/2020. The sample was taken at the Wellhead (39.29956; ‐81.58324) 
  
Once my LIMS is back on line, I will be able to generate a final report of analysis. 
  
pH                                                     5.50 SU 
Specific Conductivity                     209,000 uS/cm 
Alkalinity, Total                              11.1 mg CaCO3/L 
Acidity, Total                                  157 mg CaCO3/L 
Chloride, Total                                87,100 mg/L 
Total Dissolved Solids                   148,000 mg/L 
Total Suspended Solids                 419 mg/L 
Sulfate, Total                                  99.6 mg/L 
Hardness, Total                              36,700 mg CaCO3/L 
Iron, Total                                       57.3 mg/L 
Manganese, Total                          13.2 mg/L 
Aluminum, Total                            25.3 mg/L 
Calcium, Total                                11,200 mg/L 
Sodium, Total                                 38,800 mg/L 
Potassium, Total                            172 mg/L 
Magnesium, Total                          2120 mg/L 
Barium, Total                                  18.5 mg/L 
Strontium, Total                             148 mg/L 
Bromide, Total                               753 mg/L 
  
If you need anything else, let me know. 
  
  
  
  
Jason McClarren 
Environmental Laboratory Supervisor  
Ohio Department of Natural Resources  
Division of Oil and Gas Resources Management 
325 North 7th Street 
Cambridge, Ohio   43725 
Phone:  740‐439‐5591 
Cell:  614‐205‐5174 
Fax:  740‐439‐3075 
Jason.McClarren@dnr.state.oh.us 
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