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Abstract In the face of climate change, less carbon

intensive fuels are being sought. Natural gas has been

perceived as a transition fuel, producing less CO2 when

burned than coal, but it is not a renewable resource.

Hydrocarbon-rich shale formations contain natural gas,

natural gas condensate, and oil production potential, and

the extraction of these compounds has allowed the USA to

become one of the largest global producers of natural gas.

Horizontal drilling and hydraulic fracturing are used to

extract the shale gas, but hydraulic fracturing of one well

typically requires between 7 and 19 million L of water.

One option being explored is the use of treated mine water

as an alternative to freshwater. The Marcellus and Utica

shale formations underlie much of the eastern USA, and the

Utica Shale is being pursued for its high natural gas

potential in eastern Ohio. Permits for wells are being

approved, but concerns about the water source for

hydraulic fracturing fluid are increasing. We analyzed the

carbon footprints of three different water sources: treated

mine water from Corning, Ohio, freshwater from the Ohio

River, and freshwater from Seneca Lake near the well site.

CO2 emissions for each source were calculated during

pumping, transportation, and treatment of the water for a

one-time well use and annual use. The primary productivity

increase that occurred after removal of mine discharge or

reduction due to extraction from freshwater sources was

also calculated. Annually, using treated mine water would

emit 110,000 t of CO2-e (CO2 equivalent) if trucked to a

treatment plant or 90,000 t of CO2-e if treated on-site,

while using water from the Ohio River would emit 2,000 t

of CO2-e, and using water from Seneca Lake would emit

4,500 t of CO2-e, annually. Of course, decreasing the

amount of unpolluted freshwater used has other environ-

mental benefits.

Keywords Shale gas � Utica Shale � Greenhouse gas �
Carbon emissions � Mine water reuse

Introduction

Global warming and climate change have been attributed to

anthropogenic causes, with greenhouse gas emissions as

the driving factor; especially from power production (Tett

et al. 1999). Attempts at employing cleaner energy sources

and tighter regulations on emissions aim to limit global

warming (EPA 2009). Carbon emissions from power plants

and other coal-fired industries must be controlled under the

U.S. government’s Climate Action Plan (CAP) (Obama

2013). After the CAP was issued, the U.S. EPA delivered

its proposal for carbon pollution standards for new power

plants in order to limit the carbon that future power plants

may emit (EPA 2013). The CAP also calls for increasing

the use of cleaner energy sources, such as natural gas.

One method of analyzing the environmental impact of

different activities on climate change is carbon footprint-

ing. The term ‘‘carbon footprint’’ stems from ‘‘ecological

footprint,’’ an expression coined by Wackernagel and Rees

(1962) that analyzes resource consumption and waste

accumulation of a human population or activity, measured

in land area. Carbon footprinting may be used to evaluate
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the net carbon emissions caused by a certain activity

(Weidema et al. 2008). Wiedmann and Minx (2008) define

carbon footprints as ‘‘a measure of the exclusive total

amount of carbon dioxide emissions that is directly and

indirectly caused by an activity.’’ Practical details of a

carbon footprint were given in the definition by Wright

et al. (2011), which states that a carbon footprint is ‘‘a

measure of the total amount of carbon dioxide and methane

emissions…considering all relevant sources, sinks, and

storage within the spatial and temporal boundary of the

population, system or activity of interest.’’ Carbon foot-

prints have been used to evaluate the impact of a variety of

activities, such as schools, wastewater treatment plants, and

plastics manufacturers (Dormer et al. 2013; GAP 2006;

Gustavsson and Tumlin 2013) and is a useful method for

comparing practices in terms of carbon emissions because

it measures the amount of greenhouse gases produced with

a carbon dioxide equivalent (CO2-e). The CO2-e is related to

the global warming impact of the activity being measured

(Konieczny et al. 2013). The CO2-e of each carbon source

or sink is summed to determine the overall carbon footprint

of an activity.

High fossil fuel consumption has exacerbated climate

change and has fueled a high demand for cleaner energy

(IPCC 2007). Although natural gas emits carbon during

combustion (Eq. 1), it releases less carbon per unit energy

than coal at the point of combustion (Eq. 2), and is there-

fore seen as a ‘‘bridge’’ fuel towards renewable energy

(Eaton 2013; Jenner and Lamadrid 2012; Moniz et al.

2011). Coal produces approximately 38 times more energy

per mole than natural gas (Eqs. 1 and 2), but, per unit

energy, coal produces approximately seven times the CO2

that natural gas does (EIA 2014).

CH4 þ 2O2 ! CO2 þ 2H2O ð1Þ

2C135H96O9NSþ 313O2

! 270CO2 þ 96H2Oþ 2NO2 þ 2SO2 ð2Þ

The USA was projected to surpass Saudi Arabia and

Russia and become the largest producer of hydrocarbon

fuels (petroleum and natural gas) by the end of 2013 (Breul

and Doman 2013). Much of this growth comes from a large

increase in production from shale plays. In order to exploit

the vast quantities of natural gas and natural gas conden-

sates within shale formations, horizontal drilling with

hydraulic fracturing (fracking) is used. This process pumps

high volumes of fluid at high pressure to fracture the target

shale formation, props them open with sand or another

proppant, which allow natural gas and natural gas con-

densates to flow back to the surface when pressure is

released. Each well typically requires between 7 and 19

million L of water, usually pumped from a freshwater

source (Ground Water Protection Council and ALL

Consulting 2009). Studies have examined the relationship

between energy use and water resources (Gleick 1994;

Harte 1983) and the Pennsylvania Dept of Environmental

Protection has proposed the use of mine-influenced water

for the base fluid for hydraulic fracturing (PDEP 2013).

This proposition is partly due to the over 5,000 km of

Pennsylvania streams that are impacted by mine water

(Cravotta 2008). The policy has garnered support from

some environmental organizations, as well as the oil and

gas industry (PDEP 2013), while there are still reservations

from other groups citing water diversion between water-

sheds as a primary drawback (Downing 2014).

As conventional sources of natural gas are decreasing,

unconventional sources such as shale gas have been

expanding in the USA (Kerr 2010). From August 2009 to

August 2013, drilling land rigs actively exploring for or

developing oil or natural gas increased from 949 to 2,084,

with much of this increase coming from the development

of shale gas (Baker Hughes 2009, 2013). The Marcellus

and Utica shale plays are two of the basins experiencing

increased extraction; both occur in Ohio, where the greatest

potential is associated with the Utica Shale (OEPA 2011).

As of Nov. 2013, the Ohio Dept of Natural Resources

(ODNR) had issued 988 horizontal permits with 606 hor-

izontal wells drilled and 184 producing (ODNR 2013).

Figure 1 shows the distribution of these permits in eastern

Ohio. Companies such as BHP Billiton Ltd and Chesa-

peake Energy Corporation have invested in and are drilling

for natural gas from shale in Ohio (Downing 2013; TERI

Press 2013). Figure 2 shows gas production from the Utica

Shale in eastern Ohio for calendar year 2012 (ODNR

2013). While surface water bodies, including the Ohio

River and lakes managed by the Muskingum River Con-

servation District, including Seneca Lake, have been used

as source water for hydraulic fracturing in Ohio, Ohio may

follow Pennsylvania’s lead on the reuse of mine water.

Mine water needs to be treated before being reused for

hydraulic fracturing for several main reasons: (a) to remove

iron and other metals that may scale or foul the well casing

or occlude the fractured shale, (b) to buffer acid that may

corrode the well casing, (c) to remove sulfate that may

react with barium in the formation water to precipitate

barite and occlude the fractured shale, and (d) to remove

sulfate that may be metabolized by sulfate-reducing bac-

teria, releasing hydrogen sulfide. Current water sources (i.e.

the Ohio River and Muskingum River Conservation Dis-

trict lakes) are used without pre-treatment.

Although there is both Marcellus and Utica shale in

Ohio, the Utica Shale formation has more natural gas and

natural gas condensate potential because the western edge

of the Marcellus Shale is thinner (de Witt et al. 1993). A

61 km pipeline is under construction, which will further

expand development of natural gas from the Utica Shale in
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Ohio (Dunnahoe 2013). It is predicted that by 2015, shale

wells will produce 82 % of Ohio’s natural gas (Institute for

Energy Research 2013). Carroll County is in eastern Ohio

and has been the epicenter of shale gas development in

Ohio, with many wells operated by various companies. As

of Nov. 16, 2013, the ODNR had issued 347 total permits

for horizontal wells in 14 different townships in Carroll

County. Of those permits, 143 horizontal wells have been

drilled, five are being drilled, 96 are permitted, and 103

wells are producing (Fig. 1; ODNR 2013). This paper

focuses on water sources for fracking wells in Carroll

County as a case study, due to the county‘s strong potential

Fig. 1 Horizontal, hydraulically fractured Utica Shale wells in Ohio. The well locations are colored based on well status the week of Nov. 16,

2013: permitted, drilled, drilling and producing. Map is annotated with latitude and longitude for reference
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for shale gas (Hill and Kinahan 2013). We compare the

carbon footprint for annual and one-time use for fracking

for three sources: treated mine water, freshwater from the

Ohio River, and freshwater from Seneca Lake.

Methods

The carbon footprint for each of the three scenarios has been

calculated. In each scenario, it was assumed that the desti-

nation for water for hydraulic fracturing is Carrollton, Ohio

in Carroll County. The three scenarios are: (a) pumping

mine water from a high flow mine discharge in Corning,

Ohio, and treating that water before using it for hydraulic

fracturing, (b) pumping water from the Ohio River near

Carrollton, Ohio, before using the water for hydraulic frac-

turing, and (c) pumping water from Seneca Lake near

Senecaville, Ohio, before using the water for hydraulic

fracturing. Figure 3 shows each of the locations and the

transportation routes used in each scenario. The scenarios,

assumptions, and emissions factors are detailed below.

Scenarios

Three different scenarios were analyzed in order to compare

their carbon footprint. The first scenario used water from a

high flow AMD discharge in Corning, Ohio (Fig. 3). The

Corning mine is the closest abandoned mine discharge to the

drilling activity and its high flow of AMD has significant

negative impacts on the biology of Sunday Creek (Bowman

2012). The average chemistry and flow rate of the Corning

discharge is shown in Table 1. Due to the high metal and

sulfate content of the mine water, it must be treated before

being used as the base for hydraulic fracturing fluid. Treat-

ment was assessed in two sub-scenarios: (a) water is treated

on-site and (b) the water is transported to the closest

industrial wastewater treatment facility in Mannington, West

Virginia. In both cases, the water is transported after treat-

ment to a well pad near Carrollton, Ohio.

The second scenario uses freshwater from the Ohio

River for the hydraulic fracturing fluid. East Liverpool,

Ohio, is the closest location on the Ohio River to Car-

rollton, Ohio. The water would be transported from East

Liverpool to Carrollton. The third scenario examines

freshwater from Seneca Lake near Senecaville, Ohio, as a

source of water for hydraulic fracturing and its transport to

a well near Carrollton.

Pumping Rates and Emissions

Carbon dioxide emitted during the pumping process is the

same for each of the scenarios because the same volume of

water is pumped. The flow rate of the mine discharge

(71 L/s) and the maximum pumping rate of the water pump

(42 L/s) were not limiting factors. The carbon footprint of

pumping was analyzed using a Tsurumi EPT2 100-DD

diesel water pump with a horsepower rating of 24.5. The

CO2 emission factor of a diesel water pump is 522 g CO2-

e/hp-hr (RSK Environmental Ltd 2002). The time needed

to pump 19 million L with the Tsurumi pump is 125 h. The

carbon footprint of pumping was calculated using the

equation shown in Eq. 3.

CO2�epumping ¼ 522 g CO2�e=hp� h� 24:5 hp� 125 h

ð3Þ

Transportation

While trucking is an expensive transportation method

compared to rail or pipeline, water pipelines are not well

established in the Utica shale play, so trucking has been

used for comparison. The carbon footprint of the trans-

portation involved in each scenario was calculated using

the shortest routes via state and interstate roads (Fig. 3).

These calculations used a CO2 emission factor of

1.0725 kg CO2-e/km for a heavy-duty truck (EPA’s

Center for Corporate Climate Leadership 2011). The

maximum load that a heavy duty truck can hold is

40,000 L, and therefore 473 trips would be needed to

transport 19 million L of water. For the scenario in which

mine water is trucked to an existing treatment plant, the

water is transported from the discharge site in Corning,

Ohio, to the treatment facility in Mannington, West Vir-

ginia, then to a well near Carrollton, Ohio. The total

distance involved in transport is 431 km, which was then

multiplied by the emission factor. For the scenario in

which mine water is treated on-site before being trucked

to Carrollton, Ohio, the total distance traveled is 190 km.

The transportation involved in the second and third sce-

narios is merely the trucking from the freshwater site to a

well near Carrollton. For the second scenario, the emis-

sion factor is multiplied by 126 km, the distance between

Senecaville and Carrollton. For the third scenario, the

emission factor is multiplied by 52.5 km, the distance

from East Liverpool to Carrollton. The calculation used is

shown in Eq. 4.

CO2�etransportation ¼ 1:0725 kg CO2-e=km

� km travelled in one trip� 473 trips

ð4Þ

Water Treatment

The carbon footprint of the treatment of the mine discharge

was calculated using standard factors assuming a slaked

lime plant including an equalization basin, a lime storage

and feed system, a flash mix tank, an aeration tank, and a
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settling basin with sludge removal, following Stone et al.

(2012). Neutralized mine water was then introduced into a

fixed-bed anaerobic bioreactor dosed with ethanol for sulfate

reduction (e.g. Kaksonen and Puhakka 2007; Neculita et al.

2007). The average acidity loading was calculated for the

Corning AMD discharge (305 kg/day, see Table 1). The

mass of hydrated lime needed to completely buffer the

acidity was calculated based on an alkali requirement of
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0.74 kg Ca(OH)2/kg acidity and a 90 % neutralization effi-

ciency (GARD 2010), as shown in Eq. 5. The CO2 emis-

sions during treatment were calculated as the sum (Eq. 6) of

the emissions for: (1) the production of hydrated lime

(Eq. 7), (2) the transportation of hydrated lime (Eq. 8), and

(3) the energy used at the treatment plant (Eq. 9). Hydrated

lime emits 0.74 kg CO2/kg in the high temperature process

that converts limestone to lime and approximately 0.4 kg
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CO2/kg from the energy required (Ecofys 2009). It was

assumed that hydrated lime was transported from Greer Lime

in Riverton, WV to either the AMD treatment plant located in

Mannington, WV, a distance of 208 km, one-way, or to

Corning, Ohio, a distance of 381 km, one way. A single truck

load holds approximately 22.5 t of material. The CO2

emissions from enough round-trips to supply hydrated lime

to buffer the AMD were calculated using the same emissions

factor as the water transport (1.0725 kg CO2-e/km). On

average, a slaked lime facility uses 911 kWh/kg acidity

buffered (Stone et al. 2012) and the average CO2 emission

rate for WV electricity is 0.90 kg CO2/kWh, while the

emission rate for Ohio is 0.80 kg CO2/kWh (EPA 2007). A

fixed-bed anaerobic bioreactor would be dosed with 0.24 mL

ethanol/L mine water or 871 L ethanol/day to achieve a

removal rate of 625 mg/L SO4 based on stoichiometry (e.g.

Kaksonen and Puhakka 2007). Average U.S. ethanol from a

corn feedstock emits 68.6 g CO2-e/MJ or 1.448 kg CO2-e/L

(CEPA 2009). Emissions for the ethanol from field to tank

(CEPA 2009) are shown in Eq. 10. Since most bioreactors

also support methanogenesis, it was assumed that 25 % of

the ethanol was converted to methane. The emissions cal-

culations shown in Eq. 11 is based on stoichiometric ratios of

2 mol ethanol: 3 mol methane and 2 mol ethanol: 1 mol CO2

(Tatton et al. 1989) and greenhouse gas equivalency of 25 kg

CO2-e to 1 kg CH4 (IPCC 2007). Emissions from pumping

are assumed to follow the Eq. 3 relationship.

kg Ca OHð Þ2 ¼ acidity loading kg=dayð Þ� 0:74 kg Ca OHð Þ2
=kg acidity=90% efficiency ð5Þ

CO2�etreatment ¼ CO2�elime þ CO2�elimetransportation

þ CO2�etreatmentenergy

þ CO2�elimetreatmentenergy

þ CO2�eethanol þ CO2�epumping ð6Þ

CO2�elime ¼ kg Ca OHð Þ2�0:74 kg CO2=kg Ca OHð Þ2
þ 0:4 kg CO2=kg Ca OHð Þ2 ð7Þ

CO2�elimetransportation ¼ 1:0725 kg CO2�e=km

� kilometers=trip

� number of trips ð8Þ

CO2�elimetreatmentenergy ¼ kg acidity=day� 911 kWhð
=kg acidity� emission rate kg CO2=kWhÞ ð9Þ

CO2�eethanol ¼ 0:24 mL ethanol=L mine water

� 3; 628; 800 L mine water=d

� 1:448 kg CO2�e=L ethanol ð10Þ

CO2�emethanogenesis ¼ 25 %� 871 L ethanol=d

� density ethanol=molar mass ethanol

� 1:5 mol methane=mol ethanolð
�molar mass methane� 25 kg CO2�e=kg CH4

þ 0:5 mol CO2=mol ethanol�molar mass CO2Þ ð11Þ

Table 1 Summary of water chemistry of Corning mine water discharge, 2001–2013; temperature (T) in �C, flow (Q) in L/s, specific conductivity

(SC) in uS/cm, acidity and alkalinity as mg/L as CaCO3, concentrations in mg/L (Ohio Watershed Data 2013)

T Q pH SC Acidity Alkalinity TDS SO4 Ca Fe Mn Al

Mean 12.4 73 5.5 1,393.3 86.1 28.9 1,001.6 623.2 83.3 38.6 2.18 0.21

Max 13.8 218.9 6.2 1,760 194 51.2 1,220 808 108 53.2 2.63 0.73

Min 11 10.1 4.3 1,110 30.6 0 524 2.07 4 0.25 1.74 0.03

n 13 32 42 42 39 42 42 40 23 40 39 40

Table 2 Carbon footprint calculated for each process for each scenario to source water for one well

Source Carbon footprint (kg CO2-e)

Pumping Transportation Treatment Primary productivity

Corning discharge: trucked to treatment 1,600 218,643 1,339,685 -10.3 kg/day

Corning discharge: on-site treatment 1,600 96,386 1,186,060 -10.3 kg/day

Ohio River 1,600 26,633 – 11.2 kg/day

Seneca Lake 1,600 63,919 – –

Table 3 One-time and annual use carbon footprints for the three

different scenarios of source water

Source Carbon footprint

(kg CO2-e)

One well Annual

Corning discharge: trucked to treatment 1,559,927 109,191,110

Corning discharge: on-site treatment 1,284,040 89,879,265

Ohio River 28,231 1,980,296

Seneca Lake 65,517 4,586,224

26 Mine Water Environ (2015) 34:20–30
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Primary Productivity

Primary productivity of the stream impacted by the Corning

discharge would increase due to removal of the mine water.

Many studies have compared primary productivity between

waters impacted by mining and unimpacted waters (Gyure

et al. 1987; Levings et al. 2005; Morgan 1985; Nixdorf et al.

2003; Niyogi et al. 2002; Parkhill and Gulliver 2002). Bauers

(2003) compared primary productivity rates in streams in or

near Corning’s watershed (in the Sunday Creek, Monday

Creek, and Federal Creek watersheds). The results from this

study were used when calculating the carbon sink created by

removing the mine discharge as the difference in carbon

uptake by the stream with mine discharge compared to the

stream with a reduced flow of mine discharge. The produc-

tivity rate of impacted sites, presented in Bauers (2003), was

multiplied by the average flow rate downstream from the

discharge site (Qpre) to find the carbon uptake without removal

of discharge. To find the carbon uptake with the removal of

mine discharge for use in hydraulic fracturing, the produc-

tivity rate of reference sites (Bauers 2003) was multiplied by

the difference between the mean flow rate of the sample

location downstream and the pumping rate of the water pump

(Qpost). The calculation is shown in Eq. 12.

CO2eproductivity�Corning ¼ Qpre� 1:58 mg CO2�e=L day�Qpost

� 3:09 mg CO2�e=L day

ð12Þ

Primary productivity would be reduced by extracting

water from the Ohio River; the reduction in primary pro-

ductivity due to extraction from the Ohio River was cal-

culated using Eq. 13.

CO2�eproductivity�Ohio River ¼ Qpre � 3:09 mg CO2�e=L day

�Qpost � 3:09 mg CO2�e=L day

ð13Þ

While primary productivity of Seneca Lake may fluc-

tuate due to extraction of water for hydraulic fracturing, at

the extraction rate in this case study, the lake level would

be reduced by approximately 10 cm, while the winter lake

drawdown is approximately 3 m (U.S. Army Corps of

Engineers 2014). The existing variability would outweigh

the change in primary productivity due to extraction due to

hydraulic fracturing at the stated pumping rate; therefore,

the primary production change in the Seneca Lake scenario

has been disregarded.

Results

The three different sources of water used as the base of

hydraulic fracturing fluid were compared by analyzing the

carbon footprint of each scenario. Carbon dioxide emitted

during all steps of each scenario was calculated for this

comparison and is shown in Table 2.

Carbon footprints were calculated for both a one-time

fracking of a well and for a constant supply for continuous

use for fracking various wells for 1 year. By calculating

both of these, the difference in CO2 emissions was better

observed for likely constant operating conditions. Pumping

19 million L of water takes 125 h (5.2 days). Therefore, the

pumping, transportation, and treatment processes would

occur a maximum of 70 times annually (Table 3).

The carbon footprint during the process of using mine

discharge as source water was calculated (Table 2); single

well and annual totals are shown in Table 3. Carbon dioxide

emitted during treatment was the largest source, of which

97.7 % was due to energy used during treatment, 2.1 % was

from the sulfate reducing bioreactor, 0.1 % was due to

emissions during lime production, and 0.001 % was due to

transportation of the lime in both treatment scenarios.

Annually, pumping for treatment at an existing treatment

plant would emit 111,904 kg, transport would emit

15,305,015 kg, and treatment would emit 93,777,950 kg,

while for on-site treatment, emissions due to pumping would

remain the same, while annual emissions due to transpor-

tation would decrease to 6,746,990 kg and emissions due to

treatment would decrease to 83,024,130 kg annually. Bio-

logic CO2 uptake of the impacted sites without removal of

mine discharge is 22.6 kg CO2/day, or &8,233 kg CO2/

year. Carbon uptake using data from reference sites is

32.9 kg CO2/day, or &12,010 kg CO2/year. The difference

in carbon uptake is 10.3 kg CO2/day, equivalent to an

annual difference of 3,760 kg of CO2. If water were sourced

for only one well, biologic carbon uptake would not change

because the ecosystem would not have sufficient time to

recover. If extraction of mine water were constant, the

stream system would be allowed to partially recover and the

carbon uptake would increase.

The carbon footprint for freshwater use from the Ohio

River accounted for pumping, transportation and reduction in

primary productivity due to water removal. The same primary

productivity factor was used as was used for the Corning case

studies for comparability, but rather than a change in primary

productivity rate and flow volume, only a change in flow

volume was used in the calculation. The reduction in primary

productivity amounted to 11.2 kg/day or 4093 kg/year. Like

the Corning scenarios, the change in primary productivity was

only included in the annual calculation.

The carbon footprint of using freshwater from Seneca

Lake was calculated based only on pumping and trans-

portation; primary production was not included since the

decrease in water level due to extraction for hydraulic

fracturing is a small fraction of the lake’s typical

drawdown.
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Discussion

The sources and volume of uncontaminated freshwater are

limited (Postel 1992). With this growing concern, more

focus is being placed on the water use in hydraulic fracturing

(Nicot and Scanlon 2012). Of the three possible sources of

water for hydraulic fracturing, treated mine water had the

largest carbon footprint. There was considerable CO2 emit-

ted due to the extensive multi-step treatment of the discharge

and the transportation to and from the industrial treatment

plant. The emissions were reduced by on-site treatment by

just less than 20 %. Of course, if the mine water discharge

was closer to the drilling site, as they likely would be at some

sites, this aspect would become less significant.

The millions of liters required for hydraulic fracturing

fluid for one well is multiplied when considering the number

of wells in use and the number of times these wells must be

stimulated (fracked). When most of the operators are using

freshwater as the source for the fluid, many ecosystems may

be significantly altered, especially in areas that are already

water scarce (Dillon 2011), since there is less available

habitat for aquatic organisms, such as various invertebrates

and plants. Along with reducing the volume of freshwater,

decreased stream flow can affect an ecosystem by threat-

ening survival of organisms that thrive in streams with a

strong flow. Reduced baseflow also reduces the potential of

a stream to dilute pollutants and contaminants that enter the

stream (Ferrar 2010). This concern has led regulators and

companies to consider mine water as a source of water for

hydraulic fracturing (PDEP 2013). New treatment technol-

ogies may reduce the impact of mine water reuse.

It is clear that the need for water for hydraulic fracturing

is a concern. Based on this analysis, water reuse from mine

drainage is carbon intensive; however, other factors go into

the selection of water sources for hydraulic fracturing. The

scenario used here considers an existing abandoned mine

discharge causing impaired aquatic biology that is closer to

the epicenter of shale drilling in Ohio than many other high

flow mine discharges in Ohio (Bowman 2012; Bowman

et al. 2013); however, Corning is still 190 km from Car-

rollton. Other scenarios may include pumping from under-

ground mine pools or receiving water from nearby active

mining operations. If mine water did not need intensive

treatment or just minimal treatment on-site (either before or

after transportation) were possible, mine water reuse for

hydraulic fracturing would have a carbon footprint closer to

that of sourcing freshwater from large water bodies.

Conclusions

The carbon footprints of freshwater sources were signifi-

cantly smaller than using treated mine water. Annually,

using treated mine water would emit 110,000 t of CO2-e

(CO2 equivalent) if trucked to an existing treatment plant

or 90,000 t of CO2-e if treated on-site, while using fresh-

water from the Ohio River would emit 2,000 t of CO2-e,

and using freshwater from Seneca Lake would emit 4,500 t

of CO2-e, annually. The CO2 emitted during the pumping

process was the same for each source, but the distance

traveled using freshwater was much smaller than that for

the transportation of the mine discharge. The process of

wastewater treatment for the mine water was also a large

contribution to the carbon footprint of mine water reuse,

since the freshwater sources require no treatment before

use in hydraulic fracturing. However, greater emphasis is

being placed on finding alternate sources of water for

hydraulic fracturing to conserve available freshwater,

especially in water-scarce regions.
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