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Marcellus Shale Drilling

• Basics (geology, location)

• Drilling procedure

• Concerns

• Resources



Why Marcellus? Why now?

• Oil and gas prices

• Better horizontal drilling 
and hydrofracking 
techniques

(Barnett Shale in Texas)

• Close to existing 
pipeline infrastructure

• Water availability

Image source: West Virginia Surface Owners' Rights Organization, http://www.wvsoro.org/resources/marcellus/surface_pictures.html

Presenter
Presentation Notes
Pics: Marcellus outcrop

Basically rising oil prices and better horizontal drilling and fracturing techniques have made it economically feasible to develop the Marcellus Shale. West Virginia is especially desirable because of the existing pipeline infrastructure close by and because there is a lot of water available to meet the requirements of the drilling and hydrofracking process.



Depth to bottom of Marcellus Shale

Image source: Geology.com, http://geology.com/articles/marcellus-shale.shtml

Drinking 
water wells:
100 – 300 feet 
deep

Presenter
Presentation Notes
Shows how far down the shale goes. Between 3000 and 9000 feet down in WV depending on where you are. This is compared to the typical water well that’s between 100 and 300 feet down, maybe as far as 1000 feet deep. 



Presenter
Presentation Notes
In addition to depth, it’s important to know how thick the shale is in any given spot. Map shows this.

FROM WVGES:
Where is the Marcellus present in WV?
It is present below the surface, at varying depths throughout much, but not all of WV.
It is not present in extreme eastern or western WV.
It crops out at the surface in parts of the Valley and Ridge province in eastern WV.
It varies in thickness across WV.




Drilling Process

• Locate potential site, acquire rights and permits

• Construct drilling pads and roads

• Hydrologic Fracturing (hydrofracking)

• Marcellus Shale Coalition video

Presenter
Presentation Notes
Geologists locate promising spots from what they know about the region’s geology and how much gas they think a well in the area could produce. Then they have to acquire the rights and permits to drill in that location. Then drilling pads and roads to them are constructed. These can vary widely in size and components depending on the specific techniques of the drilling company and their contractors. Here you see water supply and wastewater basins. Not all pads will have these if they are using a closed loop system. Once both the vertical and horizontal wells have been constructed, the well is fractured. This means that water, sand, and other materials are pumped into the well to create enough pressure to create fractures in the shale to allow gas to flow to the surface. This video gives a good overview of the entire process: http://marcelluscoalition.org/marcellus-shale/production-processes/drilling/

What’s key here in terms of effects on surface and ground water quality is the use of casing through the portion of the well that transects an aquifer. The concern is not really the migration of gas through the shale up to the surface, but more a failed casing systems that allows gas to seep through the well walls.

http://marcelluscoalition.org/marcellus-shale/production-processes/drilling/�


Pad 
Site

Horizontal wells
Vertical wells

Presenter
Presentation Notes
For each pad that is constructed there are often multiple wells drilled on each site. Pads tend to be 4-5 acres in size. Often dug down a couple of feet to allow for a flat surface. This is just an example of how a site could be developed. This graphic shows 6 vertical wells that extend horizontally.  The drilling companies often refer to this as the pitchfork layout. How close together these are and in what relation to each other depends on the geology of the specific location. 



Drilling

• Vertical well depth: 
~7000 feet 
– avg 3300 feet (WVGES permit 

data)

• Horizontal well length: 
4,000 to 5,000 feet

• Water use
– Approximately  4 to 7 

million gallons for entire 
drilling and fracturing 
process
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Presentation Notes
Permits over the past couple of years. Not all wells have been drilled or are in production. But this gives you a good sense of the trend WV is seeing. All of this is available on the WVGES website. Can download just the data in Excel if you don’t know or have GIS software. 
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Pre-2006: 210 wells permitted
2006: 598
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Presentation Notes
This is all permitted well locations as of 2009. First quarter of 2010 had 73 permits. 



Concerns

• Large withdrawals
– Local streams

– Water utility

– Trucked in

• Drinking water
– Effects on surface and groundwater sources

– Flow back quantity and quality

– Spills

Presenter
Presentation Notes
Need ~4-7 mg for entire process. Where does that come from? Local waterway, sold by local utility, trucked in. 

Flow back – seeing ~10% of fracking fluid come back out within a couple of months. Additional water continues to come out over time, but in lesser volumes. Companies use different techniques for handling flowback. Some are trying to have closed loop systems so the return flow is collected and treated only to the level required to use to frac another well. Some are collecting, treating and returning to streams. Some are using underground injection. Seeing some states develop new water quality standards for the water that is returned. Real concern is the high amount of total dissolved solids.

WV doesn't currently permit treatment and discharge into a stream.  The treatment methodologies have not been incorporated into our wastewater treatment plants, so they can’t treat frac water and meet water quality standards.  Most frac water in WV is disposed of in an underground injection well, or trucked out of state.



Concerns

• Roads, traffic, accidents 
(trucks and spills)

• Stormwater on site

• Noise and air pollution

• Soil compaction



Image source: American Exploration and Production Council, http://www.axpc.us/

Presenter
Presentation Notes
Actual fractures are well below water aquifers. What’s really important for water protect is the casing used through the groundwater section and how the drilling and the fluids at the surface are handled.



Hydrofracking fluid

Image source: NY Department of Environmental Conservation, Marcellus Shale, “DRAFT SGEIS 9/30/2009,” http://www.dec.ny.gov/energy/46288.html.

Presenter
Presentation Notes
This is a generalized diagram from what is known to be used in NY. Each situation is going to be different. Complete lists of what has been used in NY and PA are available through their state environmental protection agencies. Different companies will use different chemicals in different combinations.

What goes into the well is one thing, what comes out is very different.  The fluid that is returned not only has some percentage of the components that were put into the well, but also components from the rock (shale) that it has reacted with.  Note that the fluid is slightly acidic.  It will dissolve the organics in the shale. The change in pressure will result in movement of materials in the shale into the returned frac water.  So, you cannot characterize the frac water before it is used for disposal parameters, you have to test the flowback water.



More info

• WV Geologic and Economic Survey

• WV Surface Owners’ Rights Association

• Ground Water Protection Council

• Penn State Cooperative Extension

• PA Department of Environmental Protection

• NY Department of Environmental 
Conservation
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