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Natural Gas is now a hallmark of 
Oklahoma and United States 
energy production. 
Today, Oklahoma is the nation’s 3rd largest natural gas producing state 
(behind Texas and Wyoming), and typically  accounts for about one-tenth 
of U.S.  production. In 2010, Oklahoma produced more than 1.8 trillion 
cubic feet, accounting for 80 % of the state’s overall energy production  

 More than a dozen of the 100 largest natural gas fields in the 
 country are found in Oklahoma. 



 Historic natural gas price volatility  



Technological game changers 
 Without horizontal drilling and hydraulic fracturing, shale 
 gas production would not be economically feasible 
 because the natural gas would not flow from the 
 formation at high enough rates to justify the cost of 
 drilling. 



Discoveries in unconventional 
shale gas enhanced recovery 
techniques are drastically 
changing the American and 
global energy economy. 

What is different about shale gas? 

Shale gas resources form within the organic-rich shale source 
rock (formations with low permeability).  



Hydrofracturing: General 
Overview 

Hydraulic Fracturing Simply Stated 

Hydraulic fracturing is a process used in nine out of 10 
natural gas wells in the United States, where millions of 
gallons of water, sand and chemicals are pumped 
underground to break apart the rock and release the 
gas.  

Source: National Geographic 



Source: Chesapeake Energy 



The Process Explained  

Hydraulic fracturing produces fractures in the rock 
formation that stimulate the flow of natural gas or oil, 
increasing the volumes that can be recovered. Wells may 
be drilled vertically hundreds to thousands of feet below 
the land surface and may include horizontal or directional 
sections extending thousands of feet.  



Once the drilling rig leaves, 
hydraulic fracturing begins 

 Hydraulic fracturing is an 
advanced technology that 
allows the safe and economic 
removal of natural gas and 
oil from the deep shale 
formations 

 Fracking has been used by 
the natural gas and oil 
industry since the 1940s 



The Process Explained  

Fractures are created by pumping large quantities of fluids 
at high pressure down a wellbore and into the target rock 
formation. Hydraulic fracturing fluid commonly consists of 
water, proppant and chemical additives that open and 
enlarge fractures within the rock formation. These fractures 
can extend several hundred feet away from the wellbore. 
The proppants - sand, ceramic pellets or other small 
incompressible particles - hold open the newly created 
fractures.  



Hydraulic Fracturing Process 
!   It is the process of “stimulating” natural gas from the impermeable  

shale by creating small fractures  

!   Water mixed with sand and additives is pumped into the reservoir at 
high pressures 

!   Fractures are “propped” open by the sand to allow the natural 
gas and oil to flow 

!   The hydraulic fracturing process is completed in a matter of days 



The Process Explained  

Once the injection process is completed, the internal 
pressure of the rock formation causes fluid to return to the 
surface through the wellbore. This fluid is known as both 
"flowback" and "produced water" and may contain the 
injected chemicals plus naturally occurring materials such 
as brines, metals, radionuclides, and hydrocarbons. The 
flowback and produced water is typically stored on site in 
tanks or pits before treatment, disposal or recycling. In 
many cases, it is injected underground for disposal. In areas 
where that is not an option, it may be treated and reused 
or processed by a wastewater treatment facility and then 
discharged to surface water. 



What’s in the fluid? 
An Industry & Oklahoma Example: Halliburton Oil 



What’s in the fluid? 
Tonkawa Foam Frac Formulation  
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For more information, visit 
HydraulicFracturing.com and FracFocus.org or 
see our fact sheet on Hydraulic Fracturing  



What Chemicals Are Generally 
Used? 

The number of chemical additives used in a typical fracture 
treatment depends on the conditions of the specific well being 
fractured. A typical fracture treatment will use very low 
concentrations of between 3 and 12 additive chemicals, 
depending on the characteristics of the water and the shale 
formation being fractured.  



FracFocus.org 

Each component serves a specific, engineered purpose. For 
example, the predominant fluids currently being used for 
fracture treatments in the gas shale plays are water‐based 
fracturing fluids mixed with friction‐reducing additives (called 
slickwater).  



FracFocus.org 

The addition of friction reducers allows fracturing fluids and 
sand, or other solid materials called proppants, to be pumped 
to the target zone at a higher rate and reduced pressure than 
if water alone were used. In addition to friction reducers, other 
additives include: biocides to prevent microorganism growth 
and to reduce biofouling of the fractures; oxygen scavengers 
and other stabilizers to prevent corrosion of metal pipes; and 
acids that are used to remove drilling mud damage within the 
near‐wellbore area.  	





FracFocus.org 

The chart on the next slide is taken from Modern Shale Gas 
Development in the United States: A Primer demonstrates the 
volumetric percentages of additives that were used for a nine-
state hydraulic fracturing treatment of a Fayetteville Shale 
horizontal well.	







What Chemicals Are Generally 
Used? 

Hydrochloric acid (HCl) is the single largest liquid component  
used in a fracturing fluid aside from water; while the  
concentration of the acid may vary, a 15% HCl mix is a typical 
concentration.   

A 15% HCl mix is composed of 85% water and 15% acid,  
therefore, the volume of acid is diluted by 85% with water in its s
tock solution before it is pumped into the formation during a fra
cturing treatment.  



Once the entire stage of fracturing fluid has been injected, the 
total volume of acid in an example fracturing fluid from the  
Fayetteville shale was 0.123%, which indicates the fluid had be
en diluted by a factor of 122 times before it is pumped into the 
formation.   

The concentration of this acid will only continue to be diluted a
s it is further dispersed in additional volumes of water that may 
be present in the subsurface.  

Plus, if this acid comes into contact with carbonate minerals in  
the subsurface, it would be neutralized by chemical reaction 
with the carbonate minerals producing water and carbon  
dioxide as a byproduct of the reaction.  



What about groundwater 
protection? 



What about groundwater 
protection?  

 Studies by the Ground Water Protection Council 
 (GWPC), an association of state regulators, and the 
 Environmental Protection Agency (EPA) have clearly 
 demonstrated the effectiveness of current state 
 regulations in protecting water resources. 



What about groundwater 
protection? 

 The ultimate goal of the well design is to ensure 
 environmentally sound and safe production by 
 containing the hydrocarbons inside the well, 
 protecting groundwater resources, and insolating the 
 productive formations. 



What about groundwater 
protection? 

 The primary method used for protecting groundwater 
 during drilling operations consists of drilling the 
 wellbore through the groundwater aquifers, 
 immediately installing a steel pipe (called casing), 
 and cementing this steel pipe into place.  



Multiple Layers 
of Protection 

!  Knowing where fresh 
water is located  
!   Established by state water 

protection agencies 

!  Protective well design 
!   Consist of multiple layers of 

steel casing 



Marcellus Shale ~ 6,000 ft	
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Average distance from surface: 
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What about groundwater 
protection? 

 All state drilling regulations specifically address 
 groundwater protection, including requirements for 
 the surface casing to be set below the lowest 
 groundwater aquifer.  



Usable 
Water vs. 
Target 
Depth 

State water 
agencies 
determine the 
usable water 
level 
that drives the 
surface casing 
programs 



What about groundwater 
protection? 

 This casing in combination with other steel 
 casing and cement sheaths that are 
 subsequently installed protects the 
 groundwater with multiple layers of 
 protection for the life of the well. 





Source: Groundwater Protection Council 



Source: Groundwater Protection Council 



Source: Groundwater Protection Council 



Source: Groundwater Protection Council 



Source: Groundwater Protection Council 





Separation of 
Hydraulic 
Fracturing 
from 
Freshwater 
Aquifer 

Private Well Treatable Groundwater Aquifers 

Approximately 7,700 
feet deep 

Municipal Water Well: < 1,000 ft. 

Source: Groundwater Protection Council 



Hydraulic fracturing does not 
introduce new or unique 
environmental risks to exploration 
and production operations.  

But concerns have been raised due to the potential 
 scale of operations where this technology is applied. 
 Many of these concerns are genuine and the oil and 
 natural gas industry recognizes that there needs to be a 
 bigger conversation about the development process 
 and the steps being taken to ensure safe operations.  



Access to Shale Gas has forever changed the U.S. 
Natural Gas outlook. 

Shale Gas is 
expected to 
account for 46% 
of U.S. supply in 
2035 (up from 
14% in 2009). 



Shale Production Economics Provide Substantial  
Cost Benefit to Broad Range of Consumers 

Less than $3.00 per Mcf:  18.2 Bcf 
per Day 
Less than $4.00 per Mcf:  70.5 Bcf 
per day 
Less than $5.00 per Mcf:  74.1 Bcf 
per day 
Less than $7.00 per Mcf:  108.6 Bcf 
per day 

Bcf Per Day 
Source:  IHS CERA 2010 
* Forty years of plateau proved, possible, and potential productive capacity 

Dollar
s Per 
Mcf 

Breakeven Henry Hub Price for Productive Capacity* of Analyzed Plays 



"The environmental impacts of 
shale development are 
challenging but manageable.” 

 MIT Study on the Future of Natural Gas 
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