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The Great Lakes comprise the Earth’s largest surface 
freshwater system, containing 84% of the continent’s 
surface freshwater and 21% of the world’s freshwater.3 The 
watershed that feeds the five Great Lakes extends across 
295,000 square miles, eight states, and two Canadian 
provinces.4 Drilling underneath the Great Lakes them-
selves is prohibited in the United States.5 But there is 
significant potential for deep shale drilling in the rest of 
the Great Lakes Basin, particularly in shale plays that 
include both natural gas and liquid hydrocarbons. 
Operators that hydraulically fracture wells outside of the 
basin may also look to the basin for freshwater and 
wastewater disposal. These activities could have localized 
adverse impacts on freshwater resources and, depending 
on the scale of development, cumulative impacts on the 
basin’s interconnected ecosystem.

After describing the hydrofracking process in more 
detail, this report reviews shale development in the Great 
Lakes Basin and analyzes the three vectors of potential 
environmental harm to water resources: freshwater use, 
contamination from well activities, and wastewater 
disposal. The report then focuses on the legal framework 
governing hydraulic fracturing in Michigan and Ohio, 
two Great Lakes states that are at a critical stage in the 
development of deep shale reserves but have received less 
attention than the states to the east. For each vector of 
potential harm, the report discusses the applicable 
federal and state laws in each jurisdiction, including the 
recent steps taken by Michigan and Ohio to address the 
risks posed by hydrofracking. The report concludes that 
the legal framework in these states protects water 
resources in the Great Lakes Basin from some, but not 
all, of the risks. Finally, the report addresses the limita-
tions in the regulatory framework by offering some 
recommendations for further improvement.

tHe Basics 
oF Hydraulic 
Fracturing
Hydraulic fracturing is a well stimulation method used 
to extract oil and natural gas from shale formations and 
“tight” sources. Unlike “conventional” reservoirs, in 

The U.S. Energy Information Administration estimates that by 2035 almost half  
of the nation’s natural gas will be produced from shale formations, doubling the 
percentage produced in 2010.1 Meanwhile, the percentage of crude oil obtained from 
“tight oil” sources, including shale, is estimated to more than double during the 
same time period, from 12% of onshore production to 31%.2 To extract natural gas 
and oil from shale, energy companies use hydraulic fracturing—or “hydrofracking”— 
a controversial technique in which a mix of water, chemicals, and sand is injected at 
high pressures into a well to open fractures in the rock. Hydrofracking, particularly 
in deep shale, has raised many environ mental concerns. These include the amount 
of water needed for the process as well as potential contamination of surface and 
groundwater from fracturing fluid and wastewater.

1U.S. Energy Information Administration | Annual Energy Outlook 2012 Early Release Overview

AEO2012 Early Release Overview
Executive summary
Projections in the Annual Energy Outlook 2012 (AEO2012) Reference case focus on the factors that shape U.S. energy markets in 
the long term, under the assumption that current laws and regulations remain generally unchanged throughout the projection 
period. The AEO2012 Reference case provides the basis for examination and discussion of energy market trends and serves as a 
starting point for analysis of potential changes in U.S. energy policies, rules, or regulations or potential technology breakthroughs. 
Some of the highlights in the AEO2012 Reference case include: 

Projected growth of energy use slows over the projection period, reflecting an extended economic recovery and increasing energy 
efficiency in end-use applications
Projected transportation energy demand grows at an annual rate of 0.2 percent from 2010 through 2035 in the Reference case, 
and electricity demand grows by 0.8 percent per year. Energy consumption per capita declines by an average of 0.5 percent per 
year from 2010 to 2035. The energy intensity of the U.S. economy, measured as primary energy use in British thermal units (Btu) 
per dollar of gross domestic product (GDP) in 2005 dollars, declines by 42 percent from 2010 to 2035.

Domestic crude oil production increases
Domestic crude oil production has increased over the past few years, reversing a decline that began in 1986. U.S. crude oil 
production increased from 5.1 million barrels per day in 2007 to 5.5 million barrels per day in 2010. Over the next 10 years, 
continued development of tight oil, in combination with the ongoing development of offshore resources in the Gulf of Mexico, 
pushes domestic crude oil production in the Reference case to 6.7 million barrels per day in 2020, a level not seen since 1994. 
Even with a projected decline after 2020, U.S. crude oil production remains above 6.1 million barrels per day through 2035.

With modest economic growth, increased efficiency, growing domestic production, and continued adoption of nonpetroleum 
liquids, net petroleum imports make up a smaller share of total liquids consumption
U.S. dependence on imported petroleum liquids declines in the AEO2012 Reference case, primarily as a result of growth in domestic 
oil production by more than 1 million barrels per day by 2020; an increase in biofuels use to more than 1 million barrels per day 
crude oil equivalent by 2024; and modest growth in transportation sector demand through 2035. Net petroleum imports as a 
share of total U.S. liquid fuels consumed  drop from 49 percent in 2010 to 36 percent in 2035 in AEO2012 (Figure 1). Proposed fuel 
economy standards covering vehicle model years 2017 through 2025 that are not included in the Reference case would further 
reduce projected liquids use and the need for liquids imports.

Natural gas production increases throughout the projection period
Much of the growth in natural gas production is a result of the application of recent technological advances and continued 
drilling in shale plays with high concentrations of natural gas liquids and crude oil, which have a higher value in energy equivalent 
terms than dry natural gas. Shale gas production increases from 5.0 trillion cubic feet in 2010 (23 percent of total U.S. dry gas 
production) to 13.6 trillion cubic feet in 2035 (49 percent of total U.S. dry gas production) (Figure 2).
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which the oil or gas collects in porous strata capped by 
an impermeable layer, the oil and gas in shale is trapped 
within tiny pores in fine-grained rock or attached to 
organic material within the shale. To develop a path for 
the hydrocarbons to flow out through the well, well 
operators create fractures in the formation. The most 
common method is to open cracks in the rock using a 
pressurized water-based solution. The more of the shale 
surface area that is opened to the well through drilling 
and fracturing, the better the flow potential. 

While hydraulic fracturing is not a new technique, 
advances in the technology and in horizontal drilling have 
made many more areas of deep shale economically viable. 
Unlike conventional reservoirs with defined boundaries, 
promising areas of shale can extend across large areas. The 
abundance of shale makes the risk of exploratory activity 
low.6 But commercial production is harder to achieve. 
Even the most successful shale wells show a rapid decline 
in the initial production rate during the first year or two.7 
Reported costs of drilling and completing a horizontal 
well vary, but appear to be at least $3 to $5 million. The 
economic viability of a well depends on the price of 
natural gas, oil, and any byproducts that can be sold 
commercially.8 Because the price of natural gas has 
dropped due to increased supply from shale development, 

shale plays that contain oil or natural gas liquids are likely 
to be more profitable.9 For example, ethylene, a byproduct 
of the natural gas liquid ethane, is used to make a variety 
of industrial and commercial products. 

Once the oil and gas company selects a shale well 
site, the operator begins by preparing the site for produc-
tion. This includes building access roads to the site, 
clearing and leveling the site, and constructing a well 
pad for the equipment. Well sites may be four acres for a 
single well and five to six acres for multiple wells.10 At 
the height of activity on the site, the pad is filled with 
heavy equipment, earthen pits or metal tanks to store 
fluids and materials, and trucks with water, sand, and 
chemicals. A single vertical well could require 817 to 905 
truck journeys to supply the equipment and materials, 
while a horizontally drilled well could require 1,420 to 
1,979 truck journeys.11 The number of journeys depends 
in significant part on how water is sourced. If water is 
transported to the site by truck, 90 of the journeys to a 
vertical well and 500 of the journeys to a horizontal well 
are to convey water.12

After the well site is prepared, the operator drills the 
well or wells. Drilling a single well takes approximately 
four to five weeks.13 To reach the most sub-surface area 
in the formation, the operator first drills vertically down 
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into the target formation, and then drills horizontally 
within the formation. These horizontal wells may be 
drilled more than a mile below the surface and up to two 
miles along the formation.14 In a deep shale formation, a 
horizontal well can replace many separate vertical wells, 
resulting in a smaller site footprint but more concen-
trated surface impacts. Water and chemicals are typically 
used as drilling fluid to bring the crushed rock, known 
as drill cuttings, to the surface, and to cool and lubricate 
the drilling equipment. As the drilling proceeds, the 
operator places successively smaller steel pipes known as 
casing strings into the wellbore. Each casing string is 
cemented to the formation or to the outside casing in 
order to seal the well and prevent fluids, oil, or gas from 
flowing around the well.

Once the operator finishes drilling the well, a service 
company hydraulically fractures the well over two to five 
days.15 The company separates the horizontally drilled 
wellbore into sections to be treated. Each treatment of a 
section—or stage—is composed of multiple sub-stages at 
high pressure. Before the treatment, a shape “gun” is 
lowered into the wellbore; the shots perforate the produc-
tion casing and create holes through which the hydraulic 
fracturing fluid as well as natural gas or oil can flow.16 The 
company then usually injects a hydrochloric acid solution 
into the wellbore to dissolve cement and drilling mud that 
could block the shale pores. This solution is followed by 
the high-pressure injection of a “slickwater pad,” a 
fracturing fluid composed of water and certain chemical 
additives. When the shale fractures, the company injects 
more pulses of fracturing fluid containing a “proppant” to 
hold open the fractures; the proppant is usually silica, or 
sand. Finally, the company flushes the wellbore and 
equipment with an injection of water. 

The amount of fresh or brackish water needed for 
drilling and fracturing varies by shale play and well 
length. A shale gas well typically uses 3 million gallons 
of water, although a well may use up to 10 million 
gallons.17 A far greater amount of water is used for 
fracturing than for drilling; depending on the shale 
formation, an operator may need only 60,000 gallons to 1 
million gallons to drill the well.18 By volume, the frac-
turing fluid consists of approximately 98% to more than 
99.5% water and proppant, and less than 0.5% to 2% 
chemical additives.19 The U.S. Environmental Protection 
Agency (EPA) estimates that a well stimulated using 3 
million gallons of fracturing fluid would be injected with 
15,000 to 60,000 gallons of chemical additives.20

Once the hydraulic fracturing stages are completed, 
the pressure on the wellbore is removed. Over the next 
few weeks, some of the fracturing fluid, together with 
brines in the formation and dissolved substances, returns 
to the surface through the wellbore; the rate of return is 
highest during the first few days.21 Depending on the 
characteristics of the shale, this “flowback” can be as 
little as 3% of the amount of the fracturing fluid injected, 
or it can be greater than 80%.22 Once the well begins 
producing oil or natural gas, brines from the formation 
continue to rise through the wellbore; this “produced 
water” may also include some returned fracturing fluid.23 
The flowback and the continuing produced water must 
be treated or disposed of. The rest of the fracturing fluid 
remains underground in the pores of the shale or in 
closed fractures. 

A shale well may produce oil or natural gas for twenty 
to thirty years, although the life span of any one well 
depends on the continued economic viability of production. 
If production declines unexpectedly, operators may choose 
to hydraulically fracture the well again to reopen cracks in 
the shale. Once a well is finished producing, the operator 
plugs the well by removing equipment in the wellbore; the 
cemented casing remains in place. The operator then fills 
the bore with cement, usually in combination with drilling 
mud or other fluid. Finally, the well site is restored by 
re-vegetating the area and in some cases by returning the 
land to its original contours. 

sHale 
develoPMent  
in tHe great 
lakes region
Almost all of the shale development in the Great Lakes 
Basin has been in the Antrim Shale, a shallow play 
underlying Michigan. The shale can be found 3,000 feet 
below the surface in the center of the state, but gradually 
rises in an arc around the edges of the state’s lower 
peninsula. The focus of Antrim development has been in 
the northern lower peninsula, where the shale is between 
500 and 2,000 feet below the surface. Extensive drilling 
began in the late 1980s, and while wells are continuing to 
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be drilled, production peaked in 1998.24 Of the approxi-
mately 12,000 wells that have been hydraulically fractured 
in Michigan, the vast majority are in the Antrim Shale.25 
According to a recent study by the Energy Institute at the 
University of Texas at Austin, the primary risks posed by 
Antrim wells, as measured by enforcement actions taken 
by the state, are related to inadequate site maintenance 
and surface spills of contaminants during drilling.26 
There were no reported violations specific to the 
hydraulic fracturing process itself. 

Because Antrim wells are typically short, vertical 
wells, they are fractured on a much smaller scale than 
deep, horizontal shale wells. For this reason, the focus of 
this report is on potential development in deep shale plays, 
which can be found under much of the region. 
Underneath Michigan is the Utica Shale; together with an 
adjacent limestone formation known as the Collingwood, 
this shale play has potential for oil and gas at depths 
between 4,000 and 9,500 feet below the surface. The Utica 
Shale can also be found under eastern Ohio, most of 
Pennsylvania, southern New York, eastern Ontario, and 
the St. Lawrence River in southern Québec. The Utica 
Shale is deepest in southeastern Pennsylvania; it rises to 
4,000 to 6,000 feet below the surface in eastern Ohio and 
to 2,000 feet in parts of New York and Canada.27 In 
eastern Ohio, the Utica Shale overlies a formation of 
interlayered limestone and shale known as the Point 
Pleasant. The well-known Marcellus Shale is primarily to 
the east and south of the Great Lakes region, but there are 
potential areas of shallow Marcellus Shale in northeastern 
Ohio that are within the Great Lakes Basin.28

So far, most of the deep shale development has 
concentrated just outside of the Great Lakes Basin. In 
the last five years, over 4,600 wells have been drilled in 
the Marcellus Shale in Pennsylvania; 1,920 were drilled 
in 2011 alone.29 As of June 5, 2012, 207 permits have been 
granted for horizontal wells in the Utica/Point Pleasant 

play in eastern Ohio, and 10 wells are currently 
producing.30 But some development has occurred in the 
Great Lakes Basin in the states of Michigan and Ohio. 
After a discovery well in the Utica/Collingwood play 
showed early promise, the play attracted significant 
leasing interest. The state’s lease sale in May 2010 garnered 
$178 million, nearly as much as the $190 million the state 
had received since it began to auction leases in 1929.31 As 
of June 12, 2012, Michigan has issued permits for 8 
horizontal wells for the play; of these, one well is 
currently producing.32 Sixteen permit applications are 
currently pending.33 In Ohio, one well is being drilled in 
the Utica/Point Pleasant play in the basin.34 

Because the Utica/Collingwood and Utica/Point 
Pleasant plays contain liquids as well as natural gas, they 
are generating substantial interest. Chesapeake Energy 
Corporation has leased approximately 1.3 million acres of 
mineral rights in the Utica/Point Pleasant play, including 
in northern Ohio counties within the Great Lakes Basin.35 
In March 2012, British Petroleum announced that it had 
leased 84,000 acres of mineral rights in Trumbull County, 
Ohio; although the company has not disclosed the lease 
locations, part of the county is in the Great Lakes Basin.36 
The Ohio Department of Natural Resources (ODNR) 
estimates that by 2015, approximately 2,250 horizontal 
wells will be drilled in the state.37 In Michigan, Encana 
Corporation holds 43,000 acres of mineral rights in the 
Utica/Collingwood play. The company announced to 
investors in May 2012 that it intends to focus on liquids-
rich plays such as the Utica/Collingwood, where it 
contends it has “first mover advantage.”38

Each Great Lakes state or province has made its own 
decisions as to the regulation of hydraulic fracturing. 
Michigan, Ohio, and Pennsylvania have allowed deep 
shale drilling to proceed. Michigan relied on its existing 
permitting programs to regulate the activity, but has 
supplemented the requirements with a permitting 
instruction issued in May 2011.39 In Ohio, the law 
governing oil and gas production wells and disposal wells 
was amended in June 2012 to address many aspects of 
hydrofracking.40 The state has also developed rules for well 
construction and proposed rules to address earthquakes 
caused by injection wells.41 Pennsylvania, which has been 
the center of deep shale drilling in the Marcellus, 
amended its rules in 2010 but only recently passed compre-
hensive amendments to its oil and gas law.42 In contrast, 
New York and Québec have placed a moratorium on the 
practice to consider how best to address the environmental 
impacts.43 New York is currently weighing public 

Petoskey Pioneer #1-3 Well,  
Michigan, 2010



Hydraulic Fracturing in tHe great lakes Basin: tHe state oF Play in MicHigan and oHio | 6

comments on a draft environmental impact statement on 
high-volume hydraulic fracturing.44 

Potential iMPacts 
on tHe great 
lakes Basin
Much of the debate over hydraulic fracturing has focused 
on possible groundwater contamination from injecting 
fracturing fluid into the well. But the potential effects of 
the practice on water resources extend beyond the 
injection itself. This report assesses the risks to water 
resources of the Great Lakes Basin through the entire 
life cycle of deep shale hydraulic fracturing: from the 
withdrawals of freshwater, to site activities, to the 
treatment and disposal of wastewater.45 

Water use 
Most shale wells in the Utica plays use 2 to 6 million 
gallons of water,46 although higher amounts have been 

reported.47 In general, more water is needed to hydrauli-
cally fracture a well with a longer wellbore. Well 
operators may obtain source water from surface waters 
such as rivers or lakes, groundwater, discharge from 
industrial or city wastewater treatment plants, or some 
combination of these sources.48 Some operators source 
the water themselves; others purchase the water from 
existing water users, such as municipalities.49 Water is 
sometimes withdrawn on site, but is more likely to be 
transported to the site through pipeline or tanker truck. 

An industrial user such as a cement or paper 
manufacturer withdraws large amounts of water 
continuously over a long period of time and returns most 
of the withdrawn water to the source watershed after 
use.50A shale well operator needs only enough water to 
drill and fracture a set of wells on a well pad; thus, the 
amount withdrawn for a fracturing operation will be less 
than for a large industrial user. But almost all of the 
water withdrawn for hydraulic fracturing in the Great 
Lakes Basin will not be returned to the source watershed 
to replenish water resources; instead, the water will be 
placed underground during use or for disposal.51 In the 
Utica plays, much of the injected water remains under-
neath the surface after fracturing.52 Based on the current 
policies in the Great Lakes states, almost all of the water 
that returns to the surface in the flowback will be 
disposed of in underground injection wells.53 

To limit the amount of freshwater employed in 
hydraulic fracturing operations, flowback may be reused. 
In the Susquehanna River Basin, which includes the 
most productive part of the Marcellus Shale, an average 
of 12% of the total volume of water used to stimulate 
wells was reused from 2009-2011.54 Chesapeake Energy 
Corporation recently announced that it has begun using 
a treatment system in Ohio to recycle flowback; however, 
it is unclear how widespread the practice is in the state or 
the extent to which flowback is being blended with 
freshwater for reuse.55 It does not appear that operators 
are recycling flowback for deep shale wells in Michigan. 
Even if operators in the Great Lakes Basin recycled 
100% of the flowback, however, that reuse is necessarily 
limited by the amount of the flowback. As discussed 
infra, only 15% to 20% of fracturing fluid is returned as 
flowback in the Utica shales.56

As an admittedly rough estimate, if all of the land 
area of Ohio, Michigan, New York, and Pennsylvania 
within the Great Lakes-St. Lawrence River Basin 
experienced shale development similar to that of the 
Marcellus Shale, the total water use at peak drilling 

pLAnned

UnpLAnned

riha & rahm, framework for Addressing Water resource impacts  
from Shale Gas Drilling (2010)
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would be 26.94 to 37.31 billion gallons of water per year.57 
Even at the high end, this water use would be a very 
small percentage of the amounts withdrawn in these 
areas in 2009: 0.6% of the amount withdrawn by all 
users, 0.8% of the amount withdrawn by power plants, 
and 10% of the amount withdrawn by the industrial 
sector.58 But the water used for fracturing would be a far 
greater percentage of the amount consumed in 2009:8% 
of the consumptive use by all users, 25% of the consump-
tive use by power plants, and 74% of the consumptive 
use by industry.59 

As discussed infra, federal law prohibits water from 
being diverted out of the Great Lakes Basin for purposes 
such as hydraulic fracturing.60 But particularly because of 
the water loss associated with the practice, withdrawals 
for wells within the basin could have significant impacts 
on already vulnerable watersheds. Hydraulic fracturing 
operations occur where and when natural gas reserves 
are found, not necessarily next to an abundant water 

supply or at times when there is more flow in rivers or 
streams.61 Operators prefer to use nearby water sources to 
reduce transportation costs.62 Thus, depending on the 
pattern of well development and the prevalence of 
recycling, many small withdrawals could cumulatively 
impact a watershed. These impacts in turn could affect 
other parts of the larger basin ecosystem.

The Great Lakes Commission recently released the 
results of a study on power generation and water 
resources in the Great Lakes Basin.63 As part of the 
study, the Commission used data on low flows, thermal 
sensitivity, and water quality impairment to identify 
watersheds in the basin that would be affected by 
additional water withdrawals and consumptive uses. The 
study shows that there are particularly vulnerable 
watersheds in mid-Michigan, most of northern Ohio, 
and parts of eastern New York.64 If water is withdrawn 
from these watersheds for deep shale drilling, there 
could be significant adverse impacts.

environmental Protection Agency
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Water contamination from  
Well activities
During well operations, a hydraulically fractured shale 
well differs from a conventional oil or natural gas well in 
two primary ways. First, a shale well uses significantly 
more amounts of chemicals than a conventional well. 
Even though chemical additives make up a tiny percentage 
of the fracturing fluid, the total volume of chemicals that 
must be managed is substantial. Operating a shale well 
thus poses risks to water resources in the Great Lakes 
Basin from potential release of chemicals into the 
environment, whether through surface spills or under-
ground leaks. Second, hydraulic fracturing requires that 
the wellbore be placed under high pressure. This 
pressure could damage the integrity of well construction, 
leading to leaks of chemicals or hydrocarbons into 
groundwater in the Basin. The pressure could also lead 
to uncontrolled releases of chemicals and hydrocarbons 
out of the wellbore.

In the field of toxicology, it is a truism that “the dose 
makes the poison.” The greatest risk to health and the 
environment is likely to be from the undiluted chemicals 
managed on site. Once mixed with water in the frac-
turing fluid, the concentration of each chemical in the 

fracturing fluid is small. But some chemicals can cause 
negative health or ecological effects in minute amounts, 
and multiple exposures may cumulatively cause such 
effects. Chemicals can also react with substances present 
in the formation to create hazardous products.65 In 
addition, the hydrocarbons themselves are a concern. 
While methane, the primary component of natural gas, 
is not considered hazardous if ingested, methane can 
evaporate and cause asphyxiation in enclosed spaces, as 
well as explosions and fires.66 The EPA is currently 
conducting a study to determine the impacts of hydraulic 
fracturing on drinking water resources, including the 
risk posed by additives and methane. The final results 
will be available in 2014.67

There are thirteen different types of chemical 
additives that can be used in fracturing fluid, although 
not all may be used in any one well.68 Acid dissolves 
cement and drilling mud, and clay stabilizers prevent 
clay in the formation from swelling; both help keep pores 
open in the shale. Gelling agents and cross-linkers 
thicken the fluid to carry the proppant, while “breakers” 
are added at the end of the process to thin the fluid again 
so that it will flow out of the wellbore. Iron control 
agents and scale inhibitors prevent materials from 
hardening and plugging the wellbore. Corrosion inhibi-

Photo by eric Kelly
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tors and oxygen scavengers protect the steel casing from 
deteriorating. Biocides minimize growth of bacteria in 
the well, which can contaminate the hydrocarbons. 
Finally, friction-reducing agents make the water “slick” 
so that it easily flows through the wellbore, surfactants 
reduce surface tension and increase fluid flow, solvents 
improve “wettability” of the fluid, and buffers control the 
pH of the entire solution. 

The operator or a service company determines 
which additives are needed, and then chooses among 
several different products for each type of additive. In 
turn, each of the products may be formulated using 
many chemical constituents. According to a 2011 report 
by the Democratic members of the U.S. House 
Committee on Energy and Commerce, the leading 14 oil 
and gas service companies used 780 million gallons of 
hydraulic fracturing products between 2005 and 2009.69 
During this time the companies used more than 2,500 
different products, which contained 750 chemical 
components.70 279 of the products included a chemical or 
mixture that was considered by the manufacturer to be 
proprietary or a trade secret.71

The chemical constituents in fracturing fluid range 
from benign substances, to those that have acute (short-
term) health effects, to those that have chronic effects on 
organs and systems, to those that cause cancer.72 In the 
products reviewed by the U.S. House Committee 
Democrats, there were 13 carcinogens in 95 products, and 8 
drinking water contaminants in 67 products.73 Diesel, 
which contains carcinogens such as benzene, was present in 
51 products.74 A 2011 study by The Endocrine Disruption 
Exchange assessed 944 products used in natural gas well 
operations, primarily for hydraulic fracturing.75 Of the 353 
chemical constituents that had an identifying chemical 
number, more than 75% could cause acute effects such as 
eye and skin irritation, nausea, headaches, and convulsions; 

more than 40% could cause chronic effects on organs and 
nervous and immune systems; more than 25% could cause 
cancer and mutations; and more than 40% could harm 
wildlife.76 421 of the 980 MSDSs examined disclosed less 
than 50 percent of the composition of the chemical 
substances within each product.77 

As an example, Encana Corporation hydraulically 
fractured the State Excelsior 1-13 HD1 well in Kalkaska 
County, Michigan, on October 25, 2011. Encana reports 
that it used seven types of chemical additives, which 
made up about 1% of the entire fracturing fluid by 
mass.78 The additives include hydrochloric acid, corrosion 
inhibitors, biocides, clay stabilizers, friction reducers, iron 
control agents, and surfactants. According to The 
Endocrine Disruption Exchange, some of the constitu-
ents have a range of negative health effects and ecological 
effects. For example, a chemical in the corrosion inhib-
itor and surfactant, (2-BE) Ethylene glycol monobutyl 
ether, has effects across 14 possible endpoints, including 
cancer and ecological effects.79

There are several possible ways in which chemical 
additives and hydrocarbons from well activities could be 
released into the environment and affect water resources 
in the Great Lakes Basin. Surface spills may release 
additives into nearby surface waters or reach aquifers 
through ground infiltration.80 Such spills may occur 
through leaks in equipment such as pumps and hoses that 
transport the chemicals, through overflow or failures in 
impoundments, or through ruptures in tanks.81 More 
rarely, uncontrolled releases of fracturing fluid and 
wastewater from the wellbore may spill additives or 
hydrocarbons onto the surface.82 Underground wellbore 
leaks may also release additives or hydrocarbons into 
groundwater through poor quality casing or inadequate 
cementing, conditions that could be exacerbated by the 
high pressures of hydraulic fracturing.83 Once contami-
nants enter the interconnected hydrologic system, they 
have the potential to affect both surface and groundwater. 

Whether chemicals or hydrocarbons could migrate 
into the water table from the target formation as a result 
of fracturing itself is contested.84 In 2011, the EPA 
released a controversial draft study that concluded that 
hydraulic fracturing was a likely source of chemical 
contamination of groundwater in Pavillion, Wyoming.85 
The study has been criticized by state authorities because 
of non-representative monitor well placement, question-
able sampling methodology, and inability to replicate 
sample results.86 If the study’s conclusion is confirmed 
through peer review and additional sampling,87 it is not 

fracturing fluid, Marcellus-Shale.us
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clear that it would apply to hydraulic fracturing in the 
Great Lakes Basin. The fracturing in Pavillion occurred 
in the same target formation as groundwater, while the 
deep shale in the Basin is thousands of feet below 
groundwater.88 Still, at this depth, nearby abandoned or 
active wells may act as a conduit to the freshwater strata 
if such wells are not properly reviewed and accounted 
for. More controversially, it may be possible for fracture 
networks to act as conduits.89 A 2011 study by scientists at 
Duke University concluded that methane found in 
groundwater in Pennsylvania and New York most likely 
leaked through well casings or fracture networks created 
or enlarged by hydraulic fracturing in deep shale.90 The 
study did not find any evidence of groundwater contami-
nation from fracturing fluids or subsurface brines.91

Water contamination from Wastewater 
treatment and disposal
In the Marcellus and Utica shales, the amount of flow-
back averages 15% to 20% of the total amount of water 
injected in fracturing fluid,92 although the percentage 
can be lower.93 Assuming that most of the wells in these 
plays use 2 to 6 million gallons of water, a well may 
produce 300,000 to 1.2 million gallons of flowback in the 
first few weeks after the well is completed. An estimated 
60% of the flowback is collected within the first four 
days; eventually, the flowback declines to a few barrels 
per day.94 This amount of wastewater continues to flow 
out of the well as produced water during natural gas and 
oil production, and remains fairly constant through the 
life of the well. While the rate at which produced water 
flows out of the well is small, the total amount for each 
well can reach a million gallons.95 

The composition of wastewater from a shale well 
changes over time. When the well is first completed, the 
flowback is primarily composed of spent fracturing fluid. 
Over the next few weeks, the flowback contains more 
saline subsurface formation water known as “brine” and 
naturally occurring substances mobilized by hydraulic 
fracturing. By the time that production of natural gas or 
oil begins, the primary components of the produced 
water are brine and naturally occurring substances. 
Because of the influence of fracturing fluid, the charac-
teristics of flowback can differ from those of produced 
water.96 For this reason, as well as the volume of waste-
water, the focus of risk management is often on flowback. 

The EPA has identified approximately 120 substances 
that have been found in flowback and produced water.97 

As part of its study on hydraulic fracturing, the EPA is 
reviewing the toxicity and mobility of these substances. 
Flowback includes injected chemical additives as well as 
new products caused by reactions within the fluid and 
reactions between the additives and naturally present 
substances in the formation.98 Flowback also includes salts; 
trace elements such as mercury, lead, and arsenic; radioac-
tive material such as radium and uranium; and organic 
materials such as organic acids and polycyclic aromatic 
hydrocarbons.99 Volatile organic substances such as 
benzene and xylene have also been found in flowback.100 

Flowback contains high concentrations of total 
dissolved solids (TDS), pollutants that can negatively 
affect water resources. The levels of TDS increase over 
the flowback period.101 Typical concentrations from shale 
gas wells are 100,000 parts per million (ppm) and can be 
as high as 400,000 ppm; in contrast, sea water contains 
approximately 35,000 ppm.102 Sampling of flowback from 
Marcellus Shale gas wells shows concentrations as great 
as 261,000 ppm.103 These concentrations are well above 
the recommended drinking water level of 500 ppm.104 
Concentrations of chloride, the primary component ion 
of TDS in flowback, can cause acute effects in aquatic 
insects, fish, and frogs.105 

In general, flowback may be treated in publicly 
owned treatment works or private centralized waste-
water treatment facilities and discharged to surface 
waters; the flowback may also be injected into under-
ground disposal wells.106 Treatment or disposal may 
occur after reuse.107 Of these options, treatment and 
discharge to surface waters poses the greatest risk. Most 
treatment facilities—particularly publicly owned 
treatment works—are unequipped to remove high 
concentrations of TDS or radionuclides.108 In addition, 
bromides in the flowback may produce carcinogenic 
disinfection byproducts.109 In contrast, disposing of the 
wastewater in underground injection wells is generally 

brine Disposal truck, Marcellus-Shale.us
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considered to pose less risk.110 Flowback is injected into a 
permeable rock formation, capped by impermeable 
layers that isolate the fluid from groundwater.111 
However, like production wells, disposal wells do create 
risks for water resources; these risks include surface spills 
as well as underground leaks caused by poor well 
construction or migration of wastewater through nearby 
wells or fracture networks.

In the Great Lakes Basin, the risks posed by inad-
equate treatment of flowback are dependent on future 
regulation and shale development. It appears that 
flowback is not currently being treated by public or 
private treatment facilities in the basin. As discussed 
infra, flowback is injected into disposal wells in Michigan 
and Ohio.112 While Ohio initially allowed a municipal 
treatment facility in Warren, Ohio, to accept flowback, it 
later determined that the permit was issued unlaw-
fully.113 In New York, no publicly owned treatment 
works have permission to accept flowback, and no private 
facilities accept this wastewater. 114 In Pennsylvania, well 
operators in the state did not report sending wastewater 
from Marcellus Shale wells to any treatment facilities 
within the basin in 2011; data for 2012 is not yet avail-
able.115 In the future, it is possible that flowback will be 
released into surface waters after treatment in the areas 
of the basin in New York and Pennsylvania. This will 
depend on the cost of treatment in comparison to other 
options, such as disposal wells. Pennsylvania’s recently 
updated treatment requirements and New York’s 
proposed requirements reduce the risk to water 
resources, although the requirements do not address  
all contaminants.116

The primary risks to the Great Lakes Basin posed 
by flowback thus stem from disposal wells. Michigan 
currently has approximately 860 disposal wells.117 Of 177 
disposal wells within Ohio, 35 are within the basin.118 
The potential scale of injection is a particular concern. If 
shale development increases in the basin, disposal wells 
will receive more flowback. The wells may also receive 
more flowback from development outside of the basin. 
New York and Pennsylvania have very few disposal 
wells. New York has only 3 disposal wells that accept oil 
and gas wastewater; the wells currently are limited to 
on-site production.119 Pennsylvania has 5 disposal wells 
that currently accept such wastewater.120 As the options 
to treat flowback have become more limited and the 
volume of wastewater has increased, Pennsylvania 
operators have increasingly looked to disposal wells 
outside of the state.121 Of the approximately 35 Ohio 

disposal wells that accepted Marcellus shale wastewater 
in the last six months of 2011, 8 are in the basin.122 At this 
stage, it is unclear whether more disposal wells will be 
drilled in New York or Pennsylvania.123

regulation oF 
Water use
While the federal Clean Water Act (CWA) and Safe 
Drinking Water Act (SDWA) protect surface waters and 
groundwater from contamination, there is no over-
arching federal law that protects the nation’s waters from 
adverse impacts of withdrawals and consumptive uses. 
Instead, state common law and regulatory programs 
traditionally govern such impacts. In addition, states 
collect information on water uses through registration 
programs. In the Great Lakes Basin, water use is 
governed by the Great Lakes-St. Lawrence River Basin 
Water Resources Compact (Compact), an interstate 
compact among the eight Great Lakes states that came 
into effect in 2008.124 After describing how the Compact 
applies to water use for hydraulic fracturing, this section 
of the report describes the state environmental assess-
ment requirements for such use in Michigan and Ohio, 
as well as the state information and reporting requirements.

the great lakes compact
The Compact governs water use through four primary 
mechanisms: (1) a prohibition on diversions; (2) state 
conservation and efficiency requirements; (3) state 
permitting requirements for water withdrawals and 
consumptive uses; and (4) registration and reporting 
requirements. As an interstate compact consented to by 
the U.S. Congress, the Great Lakes Compact is treated 
as federal law. The Great Lakes states, including 
Michigan and Ohio, may not pass state laws in conflict 
with the terms of the Compact.

First, the Compact prohibits new or increased 
diversions of water out of the Great Lakes Basin; well 
operators are thus prohibited from withdrawing water  
in the Great Lakes Basin and transferring the water 
outside the basin for hydraulic fracturing.125 Diversions 
are defined as “a transfer of Water from the Basin into 
another watershed . . . by any means of transfer, 
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including but not limited to a pipeline [or] tanker 
truck.”126 While there are exceptions for near-basin 
communities and for water incorporated into products, 
these exceptions would not apply to well operators. The 
prohibition on diversions is particularly critical in Ohio, 
where extensive shale drilling is expected to occur just 
outside of the basin.

While the Compact also prohibits transfers of water 
between certain Great Lake watersheds, almost all shale 
well operators will meet the exception for small trans-
fers.127 Intrabasin transfers that result from a new or 
increased withdrawal of less than 100,000 gallons per 
day (gpd), averaged over 90 days, are left to state regula-
tion.128 Neither Michigan nor Ohio has chosen to 
regulate these withdrawals. While the Compact defines 
a withdrawal as the volume that supplies a common 
distribution system,129 it is unlikely that a single with-
drawal system for hydraulic fracturing would withdraw 
9 million gallons in a 90-day period. In addition, trans-
fers between the watersheds of Lake Michigan and Lake 
Huron are exempt from any requirements.130 Since the 
Utica-Collingwood play in Michigan extends across both 
watersheds, operators may choose to source water in one 
watershed and transport it into the other. 

Second, the Compact requires each state to create a 
voluntary or mandatory water conservation and effi-
ciency program for all users within the Great Lakes 
Basin; this would include well operators.131 The program 

must adjust to new demands and cumulative effects.132  
In addition, each state must commit to promote “envi-
ronmentally sound and economically feasible water 
conservation measures,” such as “[m]easures that 
promote efficient use of water,” “[i]dentification and 
sharing of best management practices and state of the art 
conservation and efficiency technologies,” and “[develop-
ment, transfer and application of science and research.”133 
Even a state that has a voluntary conservation program 
must therefore address water use for hydraulic fracturing.

Third, by 2013, the Compact requires each state to 
create a water management program for proposed water 
withdrawals and consumptive uses.134 Not all proposed 
uses must obtain a permit; a state may choose the scope 
and thresholds of its program, as long as the program 
ensures that water use is reasonable overall and that 
withdrawals overall do not have significant impacts on 
the Great Lakes Basin, the basins of each Great Lake,  
or direct stream tributaries.135 Thus, if water use for 
hydraulic fracturing rises to this level, the Compact 
requires the state to include withdrawals in its program. 
Water uses subject to the program must, at minimum, 
meet the decision-making standard in the Compact. 
Under this standard, uses must (1) be accompanied by 
return of the withdrawn water to the source watershed 
less the amount consumed; (2) not result in individual or 
cumulative adverse resource impacts; (3) incorporate 
environmentally sound and economically feasible water 
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conservation measures; (4) comply with other laws and 
regional agreements; and (5) be reasonable.136 

Fourth, by 2013, the Compact requires any person 
who withdraws water in an amount of 100,000 gpd or 
greater average in any 30-day period to register the 
withdrawal with the state, provide information about the 
use, and report monthly withdrawal volumes each 
year.137 Given the volume of water needed for a single 
shale well, a well operator will likely be required to 
register if the operator does not purchase the water from 
an existing user such as a municipality. The registrant 
must include the location and sources of the withdrawal, 
the capacity of the withdrawal, the use made of the 
water, places of use and places of discharge.138 A well 
operator must therefore provide information not just on 
the withdrawal, but also on the water use and discharge 
of the wastewater.

state environmental assessment 
requirements 
MicHigan
In 2008, Michigan enacted Part 327 of the state’s Natural 
Resources and Environmental Protection Act (NREPA) 
to comply with the Great Lakes Compact.139 Under Part 

327, a new or increased “large quantity withdrawal”—
defined as “1 or more cumulative total withdrawals 
exceeding 100,000 gallons of water per day average in 
any consecutive 30-day period that supply a common 
distribution system”—is prohibited from causing an 
adverse resource impact.140 An adverse resource impact is 
determined by the effect on fish populations of a decrease 
in stream flow or lake level; thus, the law allows with-
drawals only if there is sufficient water available in the 
local watershed to support the ecosystem.141 Water 
withdrawals for oil and gas well activities are exempt 
from all Part 327 requirements.142

Part 615 of NREPA governs oil and natural gas 
wells. While Part 615 does not directly apply to water use 
or the construction and operation of water wells,143 it 
does prohibit a person from committing “waste” in the 
“exploration for or in the development [and] production” 
of oil or gas.144 The Supervisor of Wells in the Michigan 
Department of Environmental Quality (MDEQ) has 
authority over “all matters relating to the prevention of 
waste.”145 “Waste” includes “[u]nreasonable damage to 
underground fresh . . . waters . . . from operations for the 
discovery, development, and production . . . of oil or gas;” 
“unnecessary damage to or destruction of the surface; . . . 
animal, fish, or aquatic life; property; or other environ-

Photo by eric Kelly
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mental values from or by oil and gas operations;” and the 
“unnecessary endangerment of public health, safety, or 
welfare from or by oil and gas operations.”146 Under this 
broad authority, MDEQ has issued rules to ensure that 
on-site water wells for oil and gas operations do not 
contaminate groundwater and that groundwater is used 
as a drilling fluid to protect freshwater strata.147 This 
requirement for drilling fluid does not apply, however, to 
completion operations such as hydraulic fracturing.

In order “to assure that a proposed withdrawal will 
not adversely affect surface waters or nearby freshwater 
wells,” the Supervisor of Wells issued an instruction to 
permittees in May 2011.148 Instruction 1-2011 requires 
that a well operator that intends to make a “large volume 
water withdrawal” for well completion operations utilize 
the internet-based assessment tool and provide the 
MDEQ with the evaluation.149 A “large volume water 
withdrawal” is defined as “a water withdrawal intended 
to produce a cumulative total of over 100,000 gallons of 
water per day when averaged over a consecutive 30-day 
period,” a threshold that is likely to capture most 
withdrawals for hydraulic fracturing. If the assessment 
tool determines that there may be an adverse resource 
impact, the well operator may request a site-specific 
review by the MDEQ. Instruction 1-2011 provides that 
“the ability to utilize an on-site water supply well(s) may 
be impacted” if the assessment tool or a site-specific 
review indicate that there may be an adverse resource 
impact. In a later description of the process, the MDEQ 
states that “[u]nder no circumstances will water with-
drawals that are determined to create an actual ARI 
[adverse resource impact] be approved.”150

oHio
On June 4, 2012, Ohio passed legislation to implement 
the Great Lakes Compact requirements within the Lake 
Erie watershed. Under the law, the ODNR must 
establish a permitting program for certain proposed uses 
of water.151 The program will require permits for 
facilities that develop new or increased capacity for water 
withdrawals or consumptive uses of at least 2.5 million 
gpd from Lake Erie or a recognized navigation channel, 
and at least 1 million gpd from any river, stream, or 
groundwater.152 Permits will also be required to develop 
capacity of at least 100,000 gpd from any rivers or 
streams deemed “high quality water.”153 Excepted from 
the permitting requirements are facilities in which the 
maximum daily withdrawal is less than the capacity 
threshold when averaged over any ninety-day period.154 
To protect small and medium-sized watersheds, the 

exception is modified. If the withdrawal is from a 
high-quality stream or river in a watershed that is less 
than 100 square miles but greater than 50 square miles, 
the withdrawal is averaged over 45 days; if the with-
drawal is from a high-quality stream or river in a 
watershed that is 50 square miles or less, there is no 
averaging at all.155 

Because operators usually withdraw water for 
hydraulic fracturing by well site, the permitting program 
is only likely to capture withdrawals from high-quality 
streams and rivers in small and medium-sized water-
sheds. For example, out of eleven Chesapeake Energy 
wells in Ohio that have reported water use on the 
FracFocus website, only one used enough water to 
trigger the threshold for a withdrawal from a high-
quality stream or river in a large watershed, assuming 
the withdrawal capacity is greater than 100,000 gpd.156 
No wells triggered the threshold for a withdrawal from 
other rivers, streams, or groundwater, or from Lake Erie.

Those withdrawals that are required to obtain a 
permit must meet the requirements in the minimum 
decision-making standard in the Great Lakes 
Compact.157 A water use is prohibited from causing 
significant adverse impacts on the Great Lakes Basin as a 
whole or the Lake Erie watershed as a whole.158 If a 
water use causes significant adverse impacts on more 
localized areas, these impacts are assessed against factors 
such as economic development and social development in 
determining whether a water use is reasonable.159 
Withdrawals for hydraulic fracturing are thus likely to 
obtain a permit, as the impacts of an individual with-
drawal are not necessarily perceptible at the Lake Erie 
watershed scale. Localized impacts may be outweighed 
by the more easily quantifiable economic and social 
benefits of energy production. 

As in Michigan, Ohio’s statute governing oil and gas 
wells does not directly apply to water use or water wells.160 
Under an energy bill signed by Governor Kasich on June 11, 
2012, however, the ODNR is directed to issue rules setting 
permit conditions for horizontal wells to protect the public 
and private water supply, including the amount of water 
used and the source or sources of the water.161 The ODNR 
also has broad authority to “specify practices to be followed 
in the drilling and treatment of wells [and] production of oil 
and gas . . . for protection of public health or safety or to 
prevent damage to natural resources.”162 This authority could 
presumably extend to practices involving water withdrawals 
for hydraulic fracturing. 
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state information requirements
MicHigan
Because withdrawals for oil and gas purposes are exempt 
from Part 327, they are not required to be registered.163 
However, Instruction 1-2011 requires that prior to a large 
volume water withdrawal for hydraulic fracturing, an oil 
or gas well operator must provide the MDEQ with 
information about the withdrawal, including the total 
volume of water needed for fracturing. In addition, the 
operator must submit a plat of the well site showing the 
proposed location of water withdrawal wells and all 
freshwater wells within 1,320 feet of the water with-
drawal location.164 This information must be either 
included with the application for a permit to drill or 
provided to the MDEQ at least 14 days before the water 
withdrawal begins.165 There is no requirement that the 
operator provide the actual amount withdrawn.

If a freshwater well is within 1,320 feet of a water 
withdrawal well, the instruction also requires the 
operator to install a monitor well. The operator must 
measure and record the water level in this monitor well 
daily during the water withdrawal and then weekly until 
the water level stabilizes, and report this data to the 
MDEQ.166 The MDEQ has indicated that if a moni-
toring well indicates a potential significant impact on 
another freshwater well, the well operator will be 
required to either “curtail the withdrawal or negotiate an 
agreement with the owner of the freshwater well to 
resolve the issue.”167 

oHio
Ohio requires owners to register all facilities that have 
the capacity to withdraw water at a rate greater than 
100,000 gpd averaged over 30 days with the ODNR 
Division of Water.168 This registration requirement 
includes shale well operators. Persons with the capacity 
to withdraw more than 100,000 gpd are required to 
report the locations and sources of their water supply, 
withdrawal capacity per day and the amount withdrawn 
from each source, uses made of the water, place of use, 
and place of discharge.169 Registrants must also report 
monthly withdrawal quantities on an annual form.170 
Withdrawals for hydraulic fracturing are likely to trigger 
these requirements, but are aggregated with other 
withdrawals for oil and gas operations. 

Under the recent amendments to Ohio’s oil and gas 
law, a well operator must provide the ODNR specific 
information on water use for all well operations as part 
of the operator’s permit application.171 The information 

includes the identity of each proposed source of water 
that will be used, and whether the source is in the Great 
Lakes Basin. The operator must also provide the 
proposed estimated rate and volume of the water 
withdrawal, and the estimated volume of recycled water 
to be used. All information is to the best of the operator’s 
knowledge. If the information changes prior to a well 
permit being issued or well operations, the operator must 
provide the updated information to the ODNR.172 As in 
Michigan, there is no specific requirement that the actual 
amount of water withdrawn be reported. However, an 
operator is required to submit a report 60 days after a 
well is completed or re-fractured that includes the total 
amount of all “fluids and substances” and recycled fluid 
used in well drilling and well stimulation.173

regulation oF 
Well activities
Injection wells are regulated under the SDWA to ensure 
that injected fluid does not endanger drinking water 
sources. The process of injecting fracturing fluid into the 
target formation as part of oil or gas production, 
however, is exempted from these requirements unless the 
fluid contains diesel.174 In May 2012, the EPA released 
draft guidance on how to apply the SDWA requirements 
to oil and gas wells that use diesel in hydraulic frac-
turing.175 When finalized, this guidance will apply to 
states such as Michigan, in which EPA regulates injec-
tion wells. States such as Ohio that regulate injection 
wells through a delegated program may choose whether 
to follow the guidance; however, they must issue permits 
for the practice.

Oil and gas wells are traditionally regulated by the 
states, through detailed permitting programs. These 
programs govern the surface location of wells; well 
construction, such as casing and cementing require-
ments; drilling; well completion, including stimulation 
through hydraulic fracturing; production of oil and gas; 
and well plugging and restoration. The programs also 
govern site construction activities and surface facilities, 
such as storage tanks and earthen pits for fluids. Drilling 
underneath the Great Lakes is prohibited by federal and 
Michigan law.176 This section details how the Michigan 
and Ohio permitting programs govern well site activity 



Hydraulic Fracturing in tHe great lakes Basin: tHe state oF Play in MicHigan and oHio | 16

and chemical disclosure. At the end of the section is a 
table that compares the requirements in the EPA 
guidance with the requirements in the state programs. 

Well site activities
MicHigan
As discussed infra, a well operator is prohibited under 
the state’s oil and gas law, Part 615 of NREPA, from 
causing waste.177 This includes underground waste, such 
as “[u]nreasonable damage” to “fresh” groundwater, and 
“surface waste,” such as “unnecessary or excessive loss or 
destruction” of oil and gas through seepage or leakage 
and “unnecessary damage to or destruction of the 
surface; soils; animal, fish, or aquatic life; property; or 
other environmental values.”178 To prevent waste, the 
Supervisor of Wells in the MDEQ is specifically autho-
rized to ensure that wells are constructed and operated 
“to prevent the escape of oil or gas out of 1 stratum into 
another, or of water or brines into oil or gas strata” and 
“to prevent pollution of, damage to, or destruction of 

fresh water supplies, including inland lakes and streams 
and the Great Lakes and connecting waters.”179 The 
Supervisor is also authorized to “regulate the mechan-
ical, physical, and chemical treatment of wells.”180

Like other well operators, a shale well operator must 
obtain a permit to drill a well; a separate permit is 
required for a horizontal well.181 As part of the permit 
application, the operator must submit an environmental 
assessment and provide information on environmental 
features within 1,320 feet of the well, including surface 
waters and other environmentally sensitive areas, 
floodplains, wetlands, natural rivers, and threatened and 
endangered species.182 The well must be located at least 
300 feet from freshwater wells utilized for human 
consumption.183 When considering a permit application 
for a well that will be hydraulically fractured, MDEQ 
staff identifies recorded wellbores around the proposed 
well and determines whether these wells may provide a 
conduit for movement of fracturing fluids or produced 
fluids into freshwater strata.184 For Utica/Collingwood 
wells, the radius of review is 660 to 1320 feet from the 
wellhead. If a potential conduit is identified, the appli-
cant must relocate the proposed well, demonstrate that 
hydrofracking will not cause the movement of fracturing 
fluids or produced fluids into an aquifer, or provide a 
written plan to prevent the potential fluid movement of 
concern.

All oil and gas wells, including shale wells, are 
required to install casing from the surface to 100 feet 
below all freshwater strata; this “surface casing” must be 
completely cemented to the formation from the base of 
the casing to the ground surface.185 Casing must be able 
to withstand 1.2 times the greatest expected wellbore 
pressure, and the casing must be pressure-tested prior to 
further drilling.186 Additional casing is required through 
the permit approval process. This includes a production 
string that is set through the target zone if a well is 
potentially productive. The production string must be set 
and cemented before hydraulic fracturing is undertaken. 
An additional string of intermediate casing is required 
for all but the shallowest wells. A permittee is required 
to take “proper measures” to avoid an uncontrolled 
release from the well.187 Blowout preventers and blowout 
equipment that is designed to handle at least the 
maximum anticipated surface pressure of the well must 
also be installed.188 

During high volume hydraulic fracturing opera-
tions, the operator must monitor and record the injection 
pressure.189 Flowback must be placed in steel tanks; the 

Production Well construction, environmental Protection Agency
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rules prohibit operators from using earthen pits to store 
the fluid.190 Within sixty days after the well is completed, 
the operator is required to file a well completion report 
that includes data on perforating, acidizing, and frac-
turing.191 The MDEQ well instruction specifies that an 
operator that conducts high volume hydraulic fracturing 
must also submit the service company fracturing records 
and associated charts showing fracturing volumes, rates, 
and pressures; the pressures recorded during fracturing; 
and the total volume of flowback water at the date that 
the report is submitted.192 If requested by the operator, all 
well data and samples provided to the MDEQ are held 
confidential for 90 days after well completion.193

Surface facilities—including piping and storage 
tanks for flowback—may not be located less than 300 
feet from freshwater wells utilized for human consump-
tion; in addition, storage tanks may not be located 
800-1,200 feet from public water supply wells.194 Before 
constructing the facilities, an operator must submit a 
“secondary containment” plan to ensure that spills do not 
enter the environment.195 Underneath all surface facilities 
and the wellhead must be a containment structure with 
sidewalls that is sealed to prevent seepage.196 Storage 
tanks for flowback must be elevated or constructed so 

that leakage is easily detected. Among other require-
ments, the operator must conduct baseline testing of 
water quality in the facility area and install a ground-
water monitoring well or another level of containment. 
The testing is limited to some ions and does not include 
chemicals found in hydraulic fracturing fluid or 
methane. Every six months, water samples must be 
collected and water level measurements taken.

Before surface facilities may be used, the MDEQ 
must approve a spill or loss response and remedial action 
plan. Spills of fracturing fluid, as well as spills of flow-
back of 42 gallons or greater, must be reported to the 
MDEQ within eight hours. If a spill of flowback is less 
than 42 gallons, the operator must report the spill within 
eight hours only if the flowback contacts surface waters, 
groundwater, or other environmentally sensitive resources, 
or is not completely contained and cleaned up within 48 
hours.197 Information about volumes, concentrations, and 
times of spills is not subject to the confidentiality require-
ment.198 To ensure that the well is plugged, each operator 
must obtain a conformance bond or provide evidence of 
financial responsibility.199 A bond of $25,000-$30,000 is 
required for an individual well in the Utica/Collingwood; 
an operator may choose to submit a blanket bond for up 

Shale well site near bergholz, oH, Marcellus-Shale.us 
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to 100 wells of $250,000.200 Among other requirements, 
an operator must demonstrate financial responsibility by 
showing assets of at least three times the amount of the 
conformance bond and a tangible net worth of $2 million.

oHio
The ODNR has exclusive control over the location, 
drilling, well stimulation, completion, and operation of 
oil and gas wells within the state.201 To protect the public 
health or safety or to prevent damage to natural 
resources, the ODNR has general authority to specify 
practices operators must follow in the drilling and 
treatment of wells.202 Under the new legislation, the 
ODNR is specifically directed to issue rules on hori-
zontal wells in the Point Pleasant, Utica, or Marcellus 
shale formations that are stimulated, such as by hydraulic 
fracturing, and facilities associated with these wells.203 
Among other requirements, the rules must address 
safety concerning the drilling or operation of a well, 
protection of the public and private water supply, and 
containment of wastes. 

As in Michigan, an operator of an oil and gas well, 
including a shale well, is required to obtain a permit 
from the ODNR before the well is drilled.204 An appli-
cant for a permit for a horizontal shale well must 
conduct baseline testing of water wells within 1,500 feet 
of the proposed wellhead and submit the information to 
ODNR.205 The ODNR may revise the distance if well 
site conditions warrant. Sampling must be in accordance 
with ODNR’s best management practices, which 
currently require limited testing for ions of concern as 
well as total dissolved solids.206 As in Michigan, the 
operator need not test for chemicals found in hydraulic 
fracturing fluid or for methane. 

Prior to issuing a permit for a horizontal well, the 
ODNR must conduct a site review to identify site-specific 
terms and conditions that may be in the permit.207 The 
ODNR must also conduct such a review if a well is to be 
placed in a one-hundred-year floodplain or within the 
five-year time of travel associated with a public drinking 
water supply.208 In the permit application, an operator is 
required to provide information on the location of 
streams within 200 feet of the proposed well site, as well 
as the distance of each stream from the site.209 A well 
may not be located within fifty feet of a stream, river, 
watercourse, water well, pond, lake, or other body of 
water, except if a shorter distance is necessary to reduce 
impacts to the owner of the land or to protect public 
safety or the environment.210 

In August 2012, detailed new rules on well construc-
tion will go into effect for well operators. Under these 
rules, the operator must submit a casing and cementing 
plan to the ODNR and inform the agency if hydraulic 
fracturing will be used.211 Surface casing must extend 
from the surface to at least fifty feet below the base of the 
deepest source of drinking water, or at least fifty feet into 
competent bedrock, whichever is deeper.212 This casing 
must be completely cemented to the formation.213 Other 
types of casing may also be required, and used casing 
may be installed if it meets integrity requirements.214 As 
in Michigan, casing must be able to withstand 1.2 times 
the maximum pressure to which the casing may be 
subjected; cemented casing longer than 200 feet must be 
pressure tested.215 A blowout preventer is required only 
when drilling within 200 feet of an inhabited structure 
or in urbanized areas.216 

At least 24 hours prior to hydraulic fracturing, a well 
operator is required to give notice to the ODNR.217 In 
general, hydraulic fracturing must be done in such a 
manner that it will not endanger underground sources 
of drinking water. Pressures in the well must be moni-
tored during fracturing.218 If damage occurs to the well 
during the process, the operator must notify the ONDR; 
the well must be plugged if the damage is irreparable.219 
Fracturing fluid may be placed in an earthen pit for 
temporary storage, but the pit must be drained and filled 
in after the fracturing process is terminated.220 Flowback 
may be placed in pits or in steel tanks; pits must be 
drained at least every six months.221 All operators must 
file a well completion record with the ODNR within 
sixty days after completion of drilling operations. For 
wells that have been hydraulically fractured, the record 
must describe the “type and volume of fluid used to 
stimulate the reservoir of the well, the reservoir break-
down pressure, the method used for the containment of 
fluids recovered from the fracturing of the well . . . the 
average pumping rate of the well, and the name of the 
person that performed the well stimulation.”222

Well operators are generally prohibited from 
conducting operations in a manner that will contaminate 
or pollute the land, surface waters or groundwater.223  
In urbanized areas, equipment must be maintained 
“consistent with reasonably prudent operations” to 
ensure protection of public health or safety or to prevent 
damage to natural resources.224 An operator is prohibited 
from releasing fracturing fluids and flowback into the 
environment if it would result in pollution of drinking 
water under the standards of the SDWA or it would 



Hydraulic Fracturing in tHe great lakes Basin: tHe state oF Play in MicHigan and oHio | 19

damage public health or safety or the environment.225 
There are no specific secondary containment require-
ments. Where a clear and present hazard exists, the 
ODNR may require an earthen dike or pit to be 
constructed to contain any spills from the wellhead and 
storage tanks.226 

There is no requirement in ODNR’s oil and gas 
program that the ODNR be notified of a spill at an oil 
and gas well site. An operator of a horizontal shale well 
must have liability insurance coverage of at least 5 
million dollars for bodily injury and property damage to 
pay for damage caused by operations of all the operator’s 
wells.227 The operator must also obtain a surety bond of 
$5,000 for a single well or a blanket bond of $15,000 for 
all wells to ensure that the wells are plugged, or demon-
strate financial responsibility by showing a net financial 
worth that is twice the amount of the bond.228 If a 
property owner’s water supply has been substantially 
disrupted by contamination from an oil or gas well 
operation, the well operator is required to replace the 
supply, or may elect to compensate the owner for the 
difference in fair market value of the property if less 
than the cost of replacement.229 

chemical disclosure
Because hydraulic fracturing is exempted from the 
SDWA, there is no federal requirement that fracturing 
fluid be tested prior to injection into the well. In addi-
tion, well operators are not required to report releases of 
hazardous chemicals into the environment as part of the 
Toxics Release Inventory.230 State agencies that regulate 
oil and gas wells have responded to public concern about 
the nature of the fracturing fluid by requiring an 
operator to disclose information to the state about the 
chemical constituents. The amount of information 
disclosed varies, as does the extent to which the public is 
given access to the information. One method of disclo-
sure is to require Material Safety Data Sheets (MSDSs), 
which are prepared by chemical manufacturers and 
importers under the Occupational Health and Safety Act 
and are provided to well operators by the service compa-
nies that conduct hydraulic fracturing.231

Material saFety data sHeets 
Under the federal Occupational Health and Safety 
Administration’s (OSHA’s) Hazard Communication 
Rule (Rule), chemical manufacturers and importers must 
obtain or develop a MSDS for each hazardous chemical 

fracturing equipment, Marcellus-Shale.us
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that they produce or import, and provide the MSDS 
with a shipment.232 For each chemical used, an employer 
must have an MSDS in the workplace. These sheets 
include information for employees who handle the 
chemicals, such as ingredients, physical and chemical 
properties, health effects, handling and storage, protec-
tive equipment, and emergency and first-aid measures. 
Ecological effects may be included.

The Rule defines a “hazardous chemical” to include 
any chemical that is a physical hazard or a health 
hazard.233 A “physical hazard” is a chemical that has 
physical effects such as being explosive or flammable. A 
“health hazard” is a chemical that has health effects such 
as death or other acute toxicity, skin and eye irritation, 
chronic organ toxicity, carcinogenicity, or reproductive 
toxicity. Chemicals that affect the environment but are 
not one of these types of hazards are not required to be 
on a MSDS. 

Under the existing framework, manufacturers and 
importers are given broad discretion to “conduct a thorough 
evaluation” to determine whether a chemical is hazardous 
and must be disclosed, unless the chemical is on one of four 
lists.234 Manufacturers and importers are not required to 
follow any specific methods to evaluate a chemical as long as 
they can demonstrate that they have adequately ascertained 
the hazards.235 In addition, chemical ingredients that pose 
health hazards do not need to be disclosed on a MSDS if 
they are less than 1% of the total composition or mixture; 
for carcinogens, this de minimis exception applies if the 
ingredient is less than 0.1%.236 

In March 2012, OSHA updated the Rule to harmo-
nize U.S. requirements with international practice. 
Beginning in June 2015, manufacturers and importers 
must identify and consider the full range of available 
scientific literature and other evidence concerning the 
potential hazards to determine the hazard class of a 
chemical.237 For mixtures, all chemicals that are classified 
as health hazards and are present above a set cut-off 
value or concentration limit must be disclosed. These 
values vary based on the type of health effect, but remain 
0.1% for carcinogens.238

Under both the existing and future requirements, a 
chemical manufacturer, importer, or employer may 
withhold the specific chemical identity, including the 
chemical name, other specific identification, or the exact 
concentration, from the MSDS as a trade secret. A trade 
secret is defined under the Rule as “any confidential 
formula, pattern, process, device, information or compila-
tion of information that is used in an employer’s business, 

and that gives the employer an opportunity to obtain an 
advantage over competitors who do not know or use it.”239 
A claim that information is a trade secret must be 
“supported.”240 The properties and effects of the chemical 
must still be disclosed on the MSDS. In certain circum-
stances, the Rule requires disclosure of information about 
the trade secret chemical to health professionals and 
exposed employees or designated representatives.241

MicHigan
Within 60 days of well completion, oil and gas well 
operators that conduct high volume hydraulic fracturing 
must provide the MDEQ with copies of MSDSs they 
received from service companies for the chemical 
additives used in the fracturing fluid and the volume of 
each chemical additive used.242 The MDEQ is posting 
the MSDSs on its website for public review as they are 
received. As of June 14, 2012, the MSDSs for seven wells 
were available.243 

oHio
Under the new legislation, the operator of any well must 
submit information within sixty days after well comple-
tion on all products, fluids, and substances used to drill 
and stimulate the well.244 For each additive, the informa-
tion must include the identity of the additive, a brief 
description of the purpose for which the additive is used, 
and the maximum concentration. The operator must 
also submit a list of all chemicals “intentionally added” 
to the fracturing fluid, including the specific chemical 
identification number and the maximum concentration 
for each chemical. An operator need not report chemi-
cals that occur incidentally or in trace amounts.245 If the 
chemical information provided to the operator is incom-
plete or inaccurate, the operator must make reasonable 
efforts to obtain the information. The same information 
must be provided within sixty days after a well is 
refractured.246 If the ODNR does not have a MSDS for a 
chemical disclosed by the operator, the operator must 
give the ODNR a copy.247 An operator may submit the 
required chemical information on an ODNR form; 
through FracFocus, a website that is maintained by the 
Groundwater Protection Council and the Interstate Oil 
and Gas Compact Commission; or by other approved 
means.248 The ODNR must also make the information 
and the MSDSs available on its website. As of June 14, 
2012, the ODNR had posted MSDSs for ten service 
companies on its website; the website does not provide 
information on the chemicals used at any specific well.249 
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An operator must maintain records on all chemicals 
placed into a well for at least two years.250

An operator or a chemical supplier may withhold 
chemical information from the ODNR as a trade 
secret.251 The withheld information may include the 
identity, amount, concentration, or purpose of a product 
or the chemical component of a product. The operator or 
supplier must maintain records on these chemicals for at 
least two years after they are placed in the well, and 
disclose these records to the ODNR if the information is 
necessary to respond to a spill, release, or investigation.252 

The ODNR, however, may not disclose information 
designated as a trade secret to the public. The operator or 
chemical supplier must also provide the exact chemical 
composition of a product to a medical professional to 
assist in the diagnosis or treatment of a person affected 
by a well incident; the professional may not disclose the 
information for any purpose that is not related to the 
diagnosis or treatment.253 A property owner, adjacent 
property owner, or any person adversely affected by a 
product may challenge the trade secret claim in court 
after giving notice to the state.254

taBle 1: reQuireMents For oil and gas Production Wells

Subject of Regulation Production Well Requirement EPA Class II Guidance for 
Diesel Fuels

Michigan
Part 615

Ohio
Chapter 1509

Well Location Setback from environmental 
features

None 300 feet from freshwater wells; 
for storage tanks, 800– 2,000 
feet from public drinking water 
wells

50 feet from a water body 

Permit Review Area of review for possible 
conduits of fluid or methane

Modified 1/4 mile (1320 feet) 
around horizontally fractured 
bore

660-1320 feet around wellhead None

Baseline groundwater testing May be required within area of 
review

For surface facility area only Within 1500 feet of wellhead

Construction Depth of surface casing Below lowermost underground 
source of drinking water

100 feet below freshwater strata 50 feet below deepest drinking 
water source

Blowout preventer No specific rule; may be required Required for all wells In urbanized areas or within 200 
feet of inhabited structure 

Mechanical integrity testing Yes No No

Hydraulic Fracturing Approval before fracturing Yes Notification only Notification only, 24 hours before

Information on fracturing fluid Detailed chemical plan, including 
volume and concentrations, may 
be required in permit application

MSDSs and volume of fluid within 
60 days after fracturing

List of chemicals intentionally 
added, including maximum  
concentrations, and MSDSs 
within 60 days after fracturing

Testing of fluid Complete characteristics with 
permit application; representa-
tive samples during operation

None None

Injection pressure Limited so does not cause 
propagation of fractures in 
confining zone

Monitored only Monitored only

Public Involvement Public notice of permit  
application

Yes Posted on website; hard copies 
upon request and to local 
government

Local government only; permit 
approval posted on website

Opportunity for public comment Yes, 30 day comment period For local government only No
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regulation oF 
WasteWater 
treatMent and 
disPosal
Regardless of its hazardous characteristics, wastewater 
from oil and gas wells is exempted from the “cradle to 
grave” provisions governing generation, transportation, 
treatment, storage, and disposal of hazardous waste in 
the Resource, Conservation, and Recovery Act 
(RCRA).255 This categorical exemption includes flow-
back from hydraulically fractured wells. At the time 
EPA made its determination to exempt such wastewater 
in 1988, the agency estimated that 10% to 70% of drilling 
fluids and produced water “could potentially exhibit 
RCRA hazardous waste characteristics.”256 The EPA 
concluded, however, that the risk of exposure to toxic 
substances in the wastewater was small and the costs of 
compliance were large, and that the existing state 
regulatory programs were generally adequate to control 
the management of oil and gas wastes. Neither Michigan 
nor Ohio treats flowback as hazardous waste under state 
law. Transportation of flowback is regulated by the states 
through tracking requirements that are similar to, but 
less stringent than, those in RCRA.257 

Treatment and disposal of flowback is subject to 
federal and state laws that are intended to protect water 
resources. The CWA governs treatment and discharge of 
wastewater into surface waters. Under the CWA, oil and 
gas well operators are prohibited from discharging 
wastewater, including flowback, into navigable waters of 
the United States.258 Although the CWA allows operators 
to discharge flowback through treatment facilities if 
certain requirements are met, discharge of flowback into 
surface waters is prohibited under Michigan and Ohio 
state laws.259 Land application of flowback is also not 
allowed in both states.260 Thus, oil and gas well operators 
who wish to dispose of flowback in Michigan and Ohio 
must use underground injection wells. The federal 
SDWA, discussed infra, governs underground injection 
of fluids.261 In Michigan, the EPA regulates disposal 
wells through its Underground Injection Control (UIC) 
program; the state of Michigan also has separate permit-
ting requirements under Part 615 of NREPA. In Ohio, 

the state has “primacy” to 
administer its own UIC 
program.

disposal Wells
The SDWA prohibits an 
operator of an injection 
well from endangering 
underground sources of 
drinking water by 
contaminating ground-
water “which supplies or 
can reasonably be 
expected to supply any 
public water system.”262 In 
establishing regulatory 
programs under the Act, 
Congress directed the 
EPA and states to give 
special consideration to 
underground injection 
activities associated with 
oil and gas production, 
gas storage, and enhanced 
recovery. Federal and state 
delegated programs may 
not “interfere with or 
impede” underground 
injection for these 
activities “unless such 
requirements are essential 
to assure that under-
ground sources of 
drinking water will not 
be endangered by such 
injection.”263 A state that 

wishes to administer its own program for these activities 
need not meet minimum federal standards if the state 
demonstrates that its program is effective in preventing 
endangerment of drinking water sources.264

Injection wells are divided into six classes that cover 
industrial and municipal wastewater, hazardous and 
radioactive wastes, oil and gas wastewater, solution 
mining fluids, and carbon dioxide sequestration. Most 
municipal and industrial wastewater, including 
hazardous or radioactive waste, is placed into Class I 
wells.265 Class II wells are used for fluids associated with 
oil and gas activities, including wastewater “brought to 
the surface in connection with . . . oil or natural gas 

environmental Protection Agency



Hydraulic Fracturing in tHe great lakes Basin: tHe state oF Play in MicHigan and oHio | 23

production.”266 Flowback and produced water are placed 
into Class II wells because they are “brought to the 
surface” as part of oil and gas production and are 
categorically not considered hazardous waste.267 As the 
table at the end of this section shows, Class I wells that 
accept hazardous waste are subject to the most stringent 
requirements under SDWA. Class I wells that accept 
non-hazardous industrial and municipal wastewater are 
subject to less strict requirements, and Class II wells are 
subject to even less strict requirements. Michigan’s state 
program and Ohio’s UIC program are similar to the 
federal Class II program.

MicHigan 
Each disposal well that accepts flowback must have a 
Class II well permit from the EPA.268 Wells in the same 
area and operated by the same entity may also be 
permitted under a single area permit.269 A disposal well 
owner or operator may not “construct, operate, maintain, 
convert, plug, abandon, or conduct any other injection 
activity in a manner that allows the movement of fluid 

containing any contaminant into underground sources of 
drinking water” if the contamination violates drinking 
water standards or adversely affects public health.270 
When applying for a permit, an operator has the burden 
of demonstrating that the proposed well will not 
contaminate drinking water sources.271 For a Class II 
well, a permit may be issued for the life of the well; 
however, the EPA must review the permit every five 
years.272 Commercial Class II disposal wells that accept 
wastewater from other sources are subject to more 
stringent requirements under EPA Region 5 policy.273

A disposal well that accepts flowback must also have 
a permit from the MDEQ under Part 615 of NREPA.274 
The MDEQ considers flowback a form of brine, which 
is defined in Part 615 as “all nonpotable water resulting, 
obtained, or produced from the exploration, drilling, or 
production of oil or gas, or both.”275 A permit is for the 
life of the well. Storage, transportation, or disposal of 
brine that results in, or may result in, pollution is 
prohibited.276 Some of the Part 615 requirements 
discussed in relation to production wells also apply to 
disposal wells, including secondary containment for 
surface facilities to protect against spills. Disposal wells 
need not, however, be set back from water wells.277

A disposal well that accepts flowback must be sited 
so that the wastewater will not migrate up into aquifers 
through natural or manmade conduits. New Class II 
wells must inject into a formation separated from any 
underground source of drinking water “by a confining 
zone that is free of known open faults or fractures within 
the area of review.”278 The “area of review” is a fixed 
radius of ¼ mile around the wellbore or a zone of 
endangering influence calculated using a mathematical 
model.279 Under Michigan’s program, brine wells must 
inject into a formation that is isolated from freshwater 
strata by an impervious confining formation.280 In 
addition, both programs require a disposal well operator 
to submit a corrective action plan for nearby wells that 
may act as conduits because they are improperly sealed, 
completed, or abandoned.281 

A disposal well that accepts flowback must also be 
constructed to prevent migration of wastewater. All Class 
II wells must “be cased and cemented to prevent move-
ment of fluids into or between underground sources of 
drinking water.”282 In addition, the “casing and cement 
used in the construction of each newly drilled well shall 
be designed for the life expectancy of the well.” In 
determining how a well is to be constructed, the EPA 
must consider certain factors, such as depth to the 

cLAss ii WeLL constrUction
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environmental Protection Agency
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injection zone and drinking water sources, and esti-
mated injection pressures. Under Michigan’s program, a 
disposal well must meet specific construction require-
ments applicable to all wells.283 As discussed infra, these 
include casing that extends from the surface to 100 feet 
below freshwater strata.284 In addition, fluid must be 
injected through “adequate” tubing inside the casing and 
through a “packer” that seals the bottom of the well.285 

Before a well operator may begin injecting flowback, 
the disposal well must be approved by the EPA and the 
MDEQ.286 The operator must also demonstrate to both 
agencies that the well has mechanical integrity.287 Under 
the federal UIC program, the operator is required to 
show both internal mechanical integrity, defined as no 
significant leaks in the casing and other well compo-
nents, as well as external mechanical integrity, defined as 
no significant fluid movement between the casing and 
the wellbore.288 Under Michigan’s program, the operator 
need only demonstrate internal mechanical integrity by 
conducting a pressure test.289 Both programs also require 
that the operator continue to demonstrate mechanical 
integrity every five years.290 During operations, the 
operator may not exceed the maximum injection 
pressure set by both the federal and state permits.291 

A disposal well operator must submit information to 
both the EPA and the MDEQ on the source and 
chemical and physical characteristics of the flowback.292 
For commercial Class II disposal wells, a permit appli-
cant is required to submit a chemical analysis of the 
normal brine constituents for each source.293 Michigan’s 
program requires an applicant to submit a chemical 
analysis for a representative sample of each type of 
injected fluid. In addition, both programs require the 
well operator to monitor the injection pressure, flow rate, 
and cumulative volume of the flowback on a weekly 
basis.294 A Class II operator of a disposal well must also 
monitor the nature of the flowback “at time intervals 
sufficiently frequent to yield data representative of their 
characteristics” and annually submit information on any 
major changes in characteristics or sources of the 
wastewater.295 For commercial Class II disposal wells, the 
EPA requires a quarterly chemical analysis of each 
source and approval of all new sources.296 If there is 
evidence that a disposal well is leaking or other data 
indicates a malfunction, the operator must contact both 
agencies within 24 hours of discovery and submit a 
written report within five days.297 

When a disposal well has reached the end of its life, 
both programs require the operator to plug the well with 

cement and abandon it in accordance with a plan 
submitted at the time of the permit application.298 Under 
the federal UIC program, a well must be plugged using 
one of several methods and in a manner that will not 
allow the movement of flowback into underground 
sources of drinking water.299 In contrast, Michigan’s 
plugging requirements, which apply to both production 
and disposal wells, detail the specific method and material 
to be used.300 Neither program requires continued 
monitoring of nearby aquifers. A well operator must 
provide the EPA and the MDEQ with evidence of 
sufficient financial means to plug the well.301 Both 
programs require the operator to submit a financial 
instrument, such as a bond, or a statement of financial 
responsibility. Under the federal UIC program, the EPA 
determines the amount of the instrument and may revise 
it upward for inflation.302 As discussed infra, Michigan’s 
program requires a fixed bond amount based on the depth 
of the well; for wells deeper than 7,500 feet, the amount is 
$30,000 for a single well or $250,000 for all wells.303

oHio
In 1983, the EPA gave Ohio primacy over Class II wells 
in the state.304 As noted above, Ohio was not required to 
adopt the federal minimum standards in the UIC 
program; the SDWA allows a state to regulate Class II 
wells if the program is effective in preventing endanger-
ment of drinking water sources and includes inspection, 
monitoring, recordkeeping, and reporting require-
ments.305 Ohio’s requirements, however, mirror many of 
the federal standards and in some cases exceed them. In 
addition to the requirements applicable to disposal well 
operators, an applicant for an oil or gas well permit must 
submit a plan for disposal of water and other waste 
substances, including identification of the disposal well 
or wells to be used.306

Under Ohio’s law, all well operators that inject 
“brine or other waste substances resulting from, obtained 
from, or produced in connection with oil or gas drilling, 
exploration, or production” must obtain a permit from 
the ODNR.307 This includes a well operator that accepts 
flowback.308 A permit is for the life of a well; however, 
the permit expires if the operator fails to drill the well 
within twelve months.309 As in the federal UIC program, 
an applicant must demonstrate that injection will not 
result in contamination of “groundwater that supplies or 
can reasonably be expected to supply any public water 
system” and the contamination violates drinking water 
standards or adversely affects public health.310 An 
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operator is also generally prohibited from conducting 
well operations in a manner that will contaminate or 
pollute land, surface waters, or groundwater.311 

Like the federal UIC and Michigan programs, 
Ohio’s program is designed to prevent flowback from 
migrating up into aquifers through natural or manmade 
conduits.There is no specific requirement that the 
operator of a disposal well inject into a formation 
separated from underground sources of drinking water. 
The operator is prohibited, however, from injecting 
flowback so as to allow movement of fluid into ground-
water; in addition, flowback must be injected into an 
underground formation in a manner approved by the 
ODNR.312 If fluid could migrate into groundwater 
through other wells penetrating the proposed injection 
zone within the area of review, the operator must submit 
a corrective action plan.313 The area of review for wells 
that inject greater than two hundred barrels per day per 
year average is ½ mile from the wellbore; for wells that 
inject less than this amount, the area is ¼ mile.314 The 
ODNR may also designate another distance “for good 
cause shown.”315

As in the federal UIC and Michigan programs, 
Ohio’s program requires a disposal well to be constructed 
to prevent migration of wastewater. In a permit applica-
tion, the disposal well operator must submit a casing and 
cementing program to construct the well.316 Beginning in 
August 2012, the new rules on well construction discussed 
infra will apply to all wells, including disposal wells.317 
There are also specific construction requirements for 
disposal wells in the existing rules. For wells permitted 
after 1982, surface casing must extend to at least 50 feet 
below the deepest underground source of drinking water; 
the casing must be cemented to the surface.318 Cemented 
casing must also extend to at least 300 feet above the top 
of the injection zone.319 Flowback must be injected 
through tubing and a packer set no more than 100 feet 
above the injection zone and installed under the supervi-
sion of the ODNR.320 The ODNR may grant a variance 
from these requirements for wells that inject less than 25 
barrels a day at minimal pressures or if the construction 
will protect underground sources of drinking water in an 
equivalent manner.321 In addition, all storage facilities 
must be constructed so as to “prevent pollution to 
surrounding surface and subsurface soils and waters.”322

Prior to first injecting fluids, a disposal well operator 
is required to give reasonable notice to the ODNR and to 
test the internal mechanical integrity of the well through 
a pressure test supervised by the ODNR.323 The results 

of the pressure test must be reported to the ODNR 30 
days after completion of the injection well.324 During 
operations, the well pressure must be monitored at least 
monthly at a pressure sufficient to detect leaks, and the 
data must be annually reported to the ODNR.325 If such 
monitoring is not feasible, the operator is required to 
demonstrate mechanical integrity every five years by 
conducting a pressure test or other tests of internal or 
external integrity.326 An operator may not exceed the 
maximum injection pressure calculated for the well.327

An applicant for a disposal well permit must 
identify the composition of the liquid to be injected; 
unlike the federal UIC and Michigan programs, 
however, the ODNR does not require applicants to 
submit a chemical or physical analysis.328 During opera-
tions, the well operator must monitor injection pressures 
and volumes on a daily basis, and file an annual report 
with the ODNR.329 In addition, under the new legisla-
tion, the ODNR is directed to issue rules requiring a 
disposal well operator and transporters of brine to 
submit quarterly information concerning shipments of 
brine or other waste substances to a well.330 Unlike the 
federal UIC program, a well operator is not required to 
regularly test the characteristics of injected fluids. The 
ODNR may test injected fluids at any time.331 If an 
operator discovers that a well was not adequately 
constructed, the operator must notify the ODNR within 
24 hours of the discovery and immediately repair the 
well.332 An injection well owner must cease operations 
immediately when “mechanical failures or downhole 
problems” cause contamination.333 

Once a disposal well becomes incapable of receiving 
injected fluids, it must be plugged in accordance with a 
permit from the ODNR.334 The well operator is required 
to notify the ODNR a minimum of 24 hours prior to 
commencement of plugging operations, and an inspector 
must be present during plugging.335 Like Michigan’s 
program, Ohio’s program specifies the method, depth, and 
cement to be used.336 There is no requirement to monitor 
nearby aquifers. All well operators, including disposal well 
operators, must provide the ODNR with a surety bond of 
$5,000 for a single well or a blanket bond of $15,000 for all 
wells, or demonstrate financial responsibility by showing a 
net financial worth that is twice the amount of the bond.337 
The operator must also have liability insurance coverage of 
at least $1 million for bodily injury and property damage 
caused by operations of all the operator’s wells; if the well 
is within an urbanized area, the coverage must be at least 
$3 million.338
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conclusion
For most industrial activities, federal environmental law 
sets a floor for regulation; the states may impose stricter 
requirements if they choose. But in the case of hydraulic 
fracturing, there are very few federal requirements, both 
because of exemptions from applicable federal environ-
mental laws and because the process is traditionally 
regulated by the states. The one exception is the federal 
UIC program, which governs disposal wells in Michigan. 
Thus, the individual policies of Michigan and Ohio 
determine in large part whether hydrofracking will 
negatively affect the water resources of the Great Lakes 
Basin. For each vector of potential harm explored in this 
report—freshwater use, contamination from well 
activities, and wastewater treatment and disposal—the 
protection provided by the states’ laws varies. 

Water use for hydraulic fracturing is regulated the 
least stringently of all three vectors. The Great Lakes 
Compact prohibits a shale well operator from diverting 
water out of the Great Lakes Basin for hydraulic frac-
turing, but does not require the water loss in the basin to 
be regulated unless there are overall significant impacts. 
In Michigan, water withdrawals for oil and gas wells are 
exempt from the state’s water use law. The MDEQ uses 
its administrative authority to require the impacts of a 
withdrawal for hydraulic fracturing to be assessed in the 
same manner as under the water law, and to require the 
impacts on nearby water wells to be monitored. It is 
unclear, however, to what extent the agency will use its 
discretion to protect water resources when there is a close 
case or the withdrawal is off site. In Ohio, most with-
drawals for hydraulic fracturing in the Lake Erie 
watershed will not be large enough to be regulated 
under the state’s new water use law. Even for those 
withdrawals that meet the permitting threshold, the 
program would allow adverse impacts to high-quality 
waters if those impacts are outweighed by the economic 
and social benefits of the water use. 

Production well activities are regulated more 
comprehensively than water use. In Michigan and Ohio, 
oil and gas wells are prohibited from causing damage to 
the environment. Both states impose detailed require-
ments for well construction; in addition, Michigan has 
extensive requirements for surface facilities to prevent 
spills. The practice of hydraulic fracturing itself, 
however, is subject to limited regulation. Unlike the 

EPA’s proposed guidance for shale wells that use diesel 
fuels, neither Michigan nor Ohio require the mechanical 
integrity of a well to be tested prior to hydraulic frac-
turing to ensure that the pressure will not cause the well 
to leak. In addition, neither state requires fracturing 
fluid to be tested for its chemical characteristics, or 
information to be provided to the state on the fluid 
constituents prior to hydrofracking. Instead, both states 
rely on the hazard information provided in MSDSs, 
which are submitted after fracturing occurs. Ohio also 
requires the operator to submit a list of constituents and 
maximum concentrations after fracturing. In both states, 
an operator or chemical supplier may withhold informa-
tion about a substance by designating the information as 
a trade secret. 

Wastewater is regulated the most stringently of all of 
the vectors. Michigan and Ohio require flowback to be 
disposed of in injection wells rather than discharged to 
surface waters after possibly inadequate treatment. All of 
the permitting programs generally prohibit endanger-
ment of underground drinking water sources. The 
programs regulate the construction of a disposal well, 
assess possible ways in which flowback could migrate 
into aquifers, and require mechanical integrity testing of 
a well prior to injection of flowback. An applicant for a 
disposal well permit must provide information on 
flowback to the states and the EPA; however, only in 
Michigan must flowback be tested for its chemical 
characteristics prior to injection and at set intervals 
during operations. While the requirements imposed on 
wells that accept oil and gas wastewater such as flowback 
are extensive, they are less strict than those imposed on 
other wells that accept industrial wastewater. For 
example, other types of industrial wastewater must be 
placed further from underground drinking water 
sources, and operators of these wells must limit the 
injection pressure to ensure that the wastewater remains 
within the injection zone. Because flowback is exempt 
from the hazardous waste requirements under federal 
law regardless of its characteristics, the strictest require-
ments for hazardous wastewater wells do not apply. 
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Policy 
recoMMendations
Based on this review of laws governing the entire life 
cycle of hydraulic fracturing, the regulatory framework 
could be improved in the following ways:

general
•	 Given the public interest in shale wells, both Michigan 

and Ohio should give the public the formal opportu-
nity to review and comment on permit applications 
for these types of production wells. Michigan should 
also give the public the same opportunity for brine 
disposal wells. While Ohio already provides the public 
with a 15-day period to comment on permit applica-
tions for brine disposal wells, the state should consider 
extending the period to 30 days to ensure that the 
public has adequate opportunity to comment. 

•	 EPA, Michigan, and Ohio should ensure that the 
financial responsibility requirements for both produc-
tion and injection wells are adequate to address the 
risks. Like Ohio, Michigan should require operators to 
obtain liability insurance for bodily injury and prop-
erty damage. The states should increase the amount of 
the surety bond to encompass the true costs of plug-
ging the wells. On a case-by-case basis, the EPA and 
the states should also consider increasing the amount 
of any financial instrument to include post-closure 
monitoring for contamination.

Water use
•	 At this early stage, there is very little information 

available to estimate the impacts of peak water use 
from deep shale hydraulic fracturing on sensitive 
watersheds in the Great Lakes Basin. The Great 
Lakes Commission or the states should conduct a 
basin-wide study to model these impacts, similar to 
the Commission’s Great Lakes Energy-Water Nexus 
Initiative. 

•	 Michigan’s water use law, Part 327, should be amended 
to require freshwater withdrawals for oil and gas 
well activities to be regulated in the same manner as 
other withdrawals. While the MDEQ’s well permit-
ting instruction ensures that the impacts of water 

withdrawals for hydraulic fracturing are assessed, 
direct statutory authority would be preferable. In addi-
tion, the instruction does not adequately substitute for 
all of the requirements in Part 327, such as registration 
and reporting. 

•	 Ohio should lower the thresholds and averaging 
requirements in the state’s new permitting program to 
include most water withdrawals for hydraulic frac-
turing. The permitting program should also assess 
the cumulative impacts of such water withdrawals 
on local watersheds. In the alternative, the ODNR 
should issues rules under its oil and gas well program 
to protect water resources from the impacts of these 
withdrawals. 

•	 To comply with the Great Lakes Compact, both 
Michigan and Ohio should develop a water conserva-
tion and efficiency program for hydraulic fracturing. 
At the very least, the states should identify best 
management practices for well operators and 
encourage reuse of fracturing flowback. This is 
consistent with the hydraulic fracturing guidelines 
by STRONGER, Inc., a non-profit organization that 
reviews state programs.339 

Well activities
•	 Both Michigan and Ohio should incorporate the 

measures recommended by EPA in its draft UIC 
guidance on diesel fuels into regulation of all hydrau-
lically fractured wells. For example, in determining 
whether to permit a shale well, Ohio should assess 
possible conduits around the well. Both states should 
also require mechanical integrity testing, a chemical 
analysis of fracturing fluid prior to fracturing, and 
sampling of the fluid during fracturing operations. 

•	 Ohio should improve its regulation of surface activities 
at well sites. For example, the state should require frac-
turing fluid and flowback to be stored in steel tanks, 
and the state should specify secondary containment 
for surface facilities in its rules. The state should also 
require that surface spills be reported to the ODNR 
within a short period of time.

•	 In the face of uncertainty about the risks posed by 
chemicals in fracturing fluid, both Michigan and Ohio 
should take a precautionary approach and require a 
well operator to submit a list of potential chemical 
constituents to the state prior to hydraulic fracturing. 
After hydraulic fracturing occurs, the operator should 
submit a list of the chemical constituents actually used. 
All information about chemicals should be reported to 
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the state; if the state determines that the information is 
a trade secret, the state should take adequate measures 
to protect the information from being disclosed to the 
public. 

•	 Both Michigan and Ohio should provide the public 
with a clear and understandable explanation of the 
potential risks of exposure to fracturing fluid. While 
MSDSs provide some information on possible health 
and environmental effects, they are designed to be 
used by workers, not the public. 

WasteWater treatMent and 
disPosal
•	 Given the risks of improper treatment of flowback, 

both Michigan and Ohio should continue to prohibit 
treatment and discharge of flowback to surface waters. 
In Ohio, the ODNR should not approve any new 
technology or method of disposal for flowback unless 
the risks are at a similar level to those of underground 
injection. 

•	 Flowback should be treated like other potentially 
hazardous substances and be placed in Class I 

hazardous wells if it is found to exhibit any of the four 
hazardous waste characteristics under RCRA: ignit-
ability, corrosivity, reactivity, or toxicity. The EPA, 
Michigan, and Ohio should require flowback to be 
tested for these characteristics prior to injection in a 
disposal well.

•	 Because of the potential negative effects of chemical 
additives in the flowback, some of the Class I require-
ments for non-hazardous industrial wastewater should 
be incorporated into the requirements for Class II 
wells that accept flowback. For example, the EPA and 
Ohio should require a Class II well to inject flow-
back into a formation that is beneath the lowermost 
formation containing, within 1/4 mile of the well-
bore, an underground source of drinking water. The 
maximum injection pressure should be calculated to 
ensure that no fractures occur in the injection zone 
and the confining zone. Finally, a more comprehensive 
program for monitoring migration of injected waste 
should be developed.
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