
Development of Shale Oil and 
Gas Through High Volume 

Hydraulic Fracturing - Scale, 
Scope, and Concerns 

Lisa Norby, NPS Geologic Resources Division 
George Wright Society Conference 
March 31, 2015 

 

National Park Service 
U.S. Department of the Interior 
Geologic Resources Division 
Natural Resource Stewardship and Science 

Presenter
Presentation Notes
Photo credit: http://blogs.denverpost.com/captured/2014/05/06/oil-booms-man-camps-life-north-dakota/6935/




Shale Oil and Gas Development 
 Unconventional development = production of  oil and 

gas from low permeability rocks, 
 Regional in extent,  
 No obvious seals and traps, 
 Close to, or are source rocks, 
 Horizontal drilling,  
 Fracking used so  

that hydrocarbons  
will flow at  
commercial rates.  
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Shale O&G development is also known as unconventional oil and gas development.  
It refers to the drilling / production of oil and natural gas from shales or other low permeability rocks.  Permeability means the pathways of pore spaces in rocks.
Rock formations are usually regional in extent, 
Reservoirs do not have obvious seals and traps and are in close proximity to source rocks or are source rocks,
Horizontal drilling is commonplace and is used to drill 10s of thousands of feet through the reservoir rock
Hydraulic fracturing or fracking is used to alter reservoir condition so that hydrocarbons will flow at commercial rates. 

Large-scale shale gas production did not occur until Mitchell Energy and Development Corporation experimented during the 1980s and 1990s to make deep shale gas production a commercial reality in the Barnett Shale in North-Central Texas.




Conventional Oil and Gas Development 
 Reservoirs are continuous or discontinuous, 
 Have inter-connected pores spaces, 
 Drilled vertically, directionally, and horizontally, 
 O&G flows naturally or is pumped to the surface, and 
 Fracking may be  

used to complete  
or stimulate wells. 

http://www.tomas-urbina.com/?tag=shale-gas 
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Reservoirs may be continuous or discontinuous,
They usually have inter-connected pores spaces,
Wells are drilled vertically, directionally, and horizontally to intersect formations
Oil and natural gas flows naturally or can be pumped to the surface,
May use hydraulic fracturing to complete or stimulate wells
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OIL: There is an estimated 58 billion barrels of technically recoverable unconventional oil resources.  Largest shale oil producers are the Bakken, Eagle Ford, and Monterey Plays.  Oil production from the Bakken is a whopping 1.2 MM bbls/day or approx. 10% of U.S. oil production.  The Monterey was considered the largest shale oil play in the U.S., but the estimates have been revised due to the complexity of the rocks and drilling results that have necessitated lowering the estimate of recoverable resources in the Monterey.
GAS: The U.S. has an estimated 665 trillion cubic feet of technically recoverable unconventional shale gas resources primarily located in the northeast, Gulf Coast, and southwest. The largest shale gas plays are the Marcellus (55 percent of the total), Haynesville (10 percent of the total), and Barnett (6 percent of the total). 
Shale O&G development is typically economic when the price of oil is $80-$100/barrel. Currently Saudi Arabia is not intervening in oil prices decline with the hope of putting unconventional sources, primarily U.S. shale out of business by driving prices below the cost of production while also hurting Iranian and Russian oil and gas production.
There are a number of shale plays across the U.S. in close proximity to NPS units. Major plays include:
GAS
Marcellus – New York, Pennsylvania, Ohio, Maryland, West Virginia (gas), ave. 6,300 feet, $5.3 mm to complete
Haynesvilles – Texas, Arkansas, Louisiana 
Barnett – Texas 
OIL
Bakken – Montana, North Dakota, ave. 10,000’ and cost $9 mm to complete, 1 mm BBL oil/day, 10% of U.S. oil production
Eagle Ford – Texas
Monterrey/Santos play – California (.6 MM bbl of recoverable oil)
U.S. crude oil production (4/14) was 8.4 millions bbls oil.day – nearly half of U.S. oil production from tight shale plays (4mm bbls oil/d):  from Bakken (1mm bbls/d,), Eagle Ford and Permian (3 mm/bbls/day).  Shale oil production is expected to increase to 13.5 mm bbls/day in 20 years.



What is Hydraulic Fracturing? 

 

 “Fracking” is well stimulation process to increase well production.   
 Commonly used incorrectly to describe every aspect of shale oil & 

gas development. 
 First frack in KS in 1947,  technology patented in 1953. 
 Widespread use increased ~2007 with boom in shale O&G 

development. 
 

Klepper Gas Unit #1 
well, Hugoton Gas 
Field, KS 
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“Fracking” is a well stimulation process used in unconventional oil and gas wells to increase the production of oil and gas.  It is used in unconventional wells because the well won’t produce much oil and gas if the reservoir rocks are not broken open (fracked) to create pathways for the hydrocarbons to flow out of the rocks.  In conventional wells, it’s typically called “well completion”. 
Fracking is commonly used incorrectly to describe nearly every aspect of unconventional oil & gas development.
Technology has been used in individual wells for nearly 70 years. First well that was fracked was in KS in 1947,  and napalm used to frack the well.
The technology was patented in 1953.
Widespread use increased around 2007 with the boom in shale O&G development.
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Fracking involves injecting large volumes of water (2 – 5+ millions), chemicals, and sand at high pressures to create fractures in rock. In conventional wells fracking uses much less water (10s of thousands of gallons of water).
Cracks in the rock (fractures) are held open by grains of sand or other material called proppants and then the well is produced.
Acid and nytroglycerin were commonly used to stimulate wells until late 1940s.
Frack fluids in the 50s used hydrocarbons. 
Water-based frack fluids came into heavy use in the early 60s, followed by advancements in a variety of polymers. 
Today, hydraulic fracturing companies have a variety of complex fluids and additives designed to provide customized properties for each well.
BLM finalized it hydraulic fracturing regulations at the end of March 2015 which regulated fracking on all federal leases.  The NPS has similar provisions in its proposed 9B regulations which would apply to non-federal oil and gas development in parks.
New frack fluids include slick water, borate cross-linked, metallic ion cross-linked, oil-based fluids, nitrogen and carbon dioxide foams, emulsions, and a variety of unconventional frack fluids. Additives for hydraulic fracturing jobs can now include gelling agents, cross-linkers, breakers, clay stabilizers, surfactants, buffers, biocides, friction reducers, and other specific additives designed to assist the frac or protect the formation. Due to advances in product design over the years, each one of these products can now contain any number of chemicals, ingredients, or additives.2 (Oil and Gas Journal 8/2011)

 




Hydraulic-fracking Operation 
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This photo shows the infrastructure that is required in a hydraulic fracturing operation.
As you can see, there are lots of trucks, water tanks, storage tanks, mixers, pumps, generators, fuel, chemicals, sand, pipes, and service trucks.
Shale oil and gas sites are typically 1-3 miles apart. Each wellpad may contain 4-12 or more wells.
The scale and scope of shale oil and gas development such as the number of wells, roads, trucks, infrastructure needed in fracking, and demand on local housing and services is a huge concern to local communities and park visitors.  
Another big concern is the use and disposal of large volumes of water ( typically 2 – 5 gallons per frack) and the mining of sand needed in fracking operations. The sand is commonly mined in WI and MN and is creating issues such as large number of trucks, dust etc.



Impacts - O&G Development 
 Shale O&G development - same impacts as conventional 

oil and gas operations, BUT scale and scope of shale 
operations could result in greater impacts. 

 Well construction, drilling, stimulation, production, and 
maintenance operations can impact: 
 geology/soils,  
 air quality/visibility,  
 water quality/quantity,  
 wildlife, 
 vegetation,  
 natural sounds,  
 night skies, 
 cultural resources,  
 viewsheds, and 
 climate change. 
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  Shale O&G development has the same impacts as conventional oil and gas operations, BUT scale and scope of shale operations could result in greater impacts.
  Well construction, drilling, fracking, production, and maintenance operations can impact:
geology/soils, 
air quality/visibility, 
water quality/quantity, 
wildlife,
vegetation, 
natural sounds, 
night skies,
cultural resources, 
viewsheds, and
climate change (from emissions from leaking wells and flaring gas).




Impacts - Hydraulic Fracturing 
Fracking Concerns 
 
 Potentially toxic chemicals in the frack fluids 
 Large amount of water is used 
 Cross-contamination with nearby wells 
 Human-induced earthquakes   
 
Many studies are being done to determine  
actual impacts.  Source of impacts 
needs further investigation. 

 
 
 
 
 
 
 
 

 
 
 

http://beyondeconomics.files.wordpress.com/2013/01/frack-pumps-workers.jpg?w=472&h=339 
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Chemicals in fracking fluids are potentially toxic that could contaminate ground and surface waters, harm HH&S, plants, animals
Large amounts of water are used that can affect affect water quantity, and is also a disposal issue
Cross-contamination with nearby wells. 
Human-induced earthquakes - much of the induced seismicity is linked to injection wells used for disposing frack fluids.  

Many studies are being done to determine actual impacts.  The source of impacts needs further investigation.



Societal Impacts from Large-scale  
Shale Development 

 
 

Scale and scope of operations has a significant effect 
on: 
 Decreased quality of life for local citizens and park 

visitors 
 Increased traffic, noise, and air pollution 
 Increased demand and costs for housing, products 

and services  
 Increased crime 
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Scale and scope of operations has a significant effect on:
Decreased quality of life for local citizens and park visitors
Increased traffic, noise, and air pollution
Increased demand and costs for housing, products and services 
Increased crime


Traffic photo credit: http://media.gotraffic.net/images/i9yu788JDoic/v14/628x-1.jpg




Other Talks in this Session: 

 Bakken shale development in ND, MT – impacts and tools 
to proactively address impacts (Valerie Naylor ) 

 Infrastructure associated with shale development and 
what it means to parks (Mary Krueger ) 

 Subsurface migration risks and the effects on aquifers 
(Pete Penoyer) 

 Air resource/viewshed impacts and tools to address and 
mitigate potential impacts (Andrea Stacy) 

 Natural sound and night sky impacts and mitigation 
strategies (Frank Turina) 

 



Contact us: 
Lisa Norby, 

Chief Energy and Minerals Branch, Geologic Resources Division 
lisa_norby@nps.gov 

(303) 969-2318 
 

National Park Service 
U.S. Department of the Interior 

mailto:lisa_norby@nps.gov
mailto:lisa_norby@nps.gov
mailto:lisa_norby@nps.gov
mailto:lisa_norby@nps.gov
mailto:lisa_norby@nps.gov
mailto:lisa_norby@nps.gov
mailto:lisa_norby@nps.gov


Connect with and create the next generation  
of visitors, supporters, and advocates. 
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