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• Hydraulic Fracturing: Why are we talking 

about this now?  

– Scale, rate of application, incomplete knowledge 

 

• Life cycle of a shale well:     

Identifying water risks and   

sustainability challenges 

Linking Water and Energy Extraction 

? 
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Hydraulic Fracturing: A brief history

  
• First test well “fracked” in 1947 by 

Standard Oil in Kansas using a mix 

of gelled gasoline (napalm) and sand 

 

• First commercial application began in 

1949, patented by Halliburton 

 

• Many alternatives to water: N2 foam, 

LPG, CO2, etc. 

 

What’s in a name…  

Fracturing via water, seems simple 

enough, right? Then why all the recent 

concern and attention? 

 
Montgomery and Smith (2010), JPT 
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Rapid deployment of high-volume hydraulic 

fracturing coupled with horizontal drilling 
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Image from NASA 

Bakken Shale 

Scale Matters… 
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Life Cycle of a Shale Gas/Oil Well 

Image modified from Burton et al. (2014) 

• Wellpad construction 

• Water acquisition and 

transport 

• Chemical and equipment 

transport 

• Well completion (includes 

hydraulic fracturing step) 

• Production infrastructure 

 flowback and    

produced brine         

 production 

• Potential methane leakage 

• Wastewater management 

• Heating, electric power 

generation 
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Life Cycle of a Shale Gas/Oil Well 
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Water Acquisition and Use 
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Water Acquisition and Use 

Data accurate as of March 31, 2013 

These wells were ~9,000 ft deep, ~1 mile long horizontals legs, 

~20 frac stages 

~47,000,000 L 

~80,000,000 L 
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Water Use Intensity 

From Jackson et al. (2014) 

Average use per well across major US shale plays = 14,500,000 L 
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Flowback and Produced Water 

Image from NETL 
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Flowback water – What’s in it? 

SUMMARY OF COMMON CHEMICALS  
USED IN HYDRAULIC FRACTURING COMPLETIONS 

Application Chemical Name 

Crosslinker Ethylene Glycol 

Acid Corrosion Inhibitors 
Isopropyl Alcohol 

Methanol 

Biocides 2,2-dibromo-3-nitrilopropionamide 

Friction Reducer 
Hydrotreated light petroleum 

distillate (carrier for polyacrylamide) 

Surfactants & Foamers 
Glycol Ethers 

2-Butoxyethanol 

Gel Breaker 
Ammonium Persulfate 

Sodium persulfate 

Gelling Agent Guar gum 

Iron Control Agent Citric Acid 

Proppant Crystalline silica, quartz 

Non-emulsifier 
Isopropyl alcohol 

Methanol 

McIntosh et al. (2011) 

McIntosh et al. (2002),; Curtis (2002) 
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Water Quality 

Concerns: 

• Release of 

drinking water 

contaminants 

(e.g. As, Ra) 

• Vertical migration 

of gas and 

completion fluids 

• Proper surface 

disposal of high 

TDS brines 

Flowback water – What’s in it? 
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Table2: Fluid Composition  

Chemical Additive [mol/L] 

Hydrochloric Acid 0.03 

Choline chloride 0.01 

Citric Acid 0.00064  

Ammonium Persulfate 0.00095  

 

Goal: Investigate toxic metal and 

radionuclide leaching from shales as a 

function of: 

 

Shale composition 

System conditions (T, P) 

Chemical additives 

 

Flowback Water Quality: 

Toxic Element Leaching From  

Shales in Contact with Hydraulic 

Fracturing Fluids 
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Flowback Water Quality: 

Toxic Element Leaching From  
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Water Contamination Risks 

Surface Release 

Improper 

Wastewater 

Management 

Subsurface 

Migration 
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Gas Leakage Risk 

Challenges:  Estimating leakage rates, confirming methane sources 
 

• Casing failure most common leakage pathway 

From Darrah et al. (2014) 
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From Darrah et al. (2014) 

Geochemical Fingerprinting 

• Evaluate noble gas and isotopic signatures of produced brine 

and natural gas  fingerprint gas/water to track migration of gas 

in the subsurface, mixing of injected fluids with native brines 
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Wastewater Management 

Deep well injection comprises >95% of oil and gas 

wastewater disposal in the U.S.1 

1(Clark and Veil, 2009) 

Nimr Oil Field, Oman 
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Marcellus Shale in 

Pennsylvania 

 

 

 

 

 

 

 

 

 

7 brine disposal wells 

Lutz et al. (2013) 

Over 12,000 wells drilled 

 

>3,500 producing wells 

 

~10x increase in waste 

water disposal volume 

from 2004 to 2014 

(now ~1.43 x 109 gal/yr) 
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Barbot et al. (2013) 

Prior to 2011, flowback water 

sent to publically owned 

wastewater treatment plants 

not designed to handle high 

TDS fluids 

 

Resulted in discharge of 

elevated  [Br-] to streams 

 

Drinking water facilities 

located downstream from 

discharge 

 

Brominated DBPs 

Wilson and VanBriesen (2012) 
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Shift in wastewater handling in PA 

from treatment  Reuse 

Rahm et al. (2013) 
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Emerging Research Challenges 

Treatment: removing Ra, energy efficient desalination  

Baseline assessment and monitoring (air and water): 

what to measure? (geochemical signatures, chemical 

additives, well-bore integrity) 

Water use efficiency: gray or non-potable water 

use, non-aqueous working fluids 

Wastewater disposal: mitigating induced seismicity 


