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Hydrocarbon Deposit Formation

• Four conditions needed:
1. Source rock
2. Reservoir rock
3. Geological Trap
4. Deep enough burial





lmenergy.co.nz







Director, American Petroleum Institute, 2014



Source: USGS



OIL AND GAS FIELDS OF OHIO

OIL

GAS

Coal Bed Methane

ODNR Geological  Survey, 2011

• Total Oil Production: 1.13 BBO

• Total Gas Production: 8.40 TCF

• Total # Wells:   > 274,000

• Active # Wells: > 64,000

Orphaned Wells:   > 200,000

Source: Dr. Jeff Dick



PRODUCTIVE INTERVALS  IN OHIO

Coal Bed Methane
Berea Sandstone
Chagrin-Ohio Shale
Marcellus Shale
Big Lime Intervals
Clinton Sandstone
Utica Shale
Trenton Limestone
Beekmantown Dolomite
Rose Run Sandstone
Trempealeau Dolomite

Source: Dr. Jeff Dick





Ordovician Period

Deposition of Utica Shale



Source: Exploring Geology Reynolds et al



Induced Seismicity

Can Fracking Cause Earthquakes?



Induced Seismicity

Can Fracking Cause Earthquakes?

Yes & Yes



Induced Seismicity
Human Activity Causes Earthquakes 

• Reservoir
• Mining
• Fluid Injection

– Liquids
– Gas (CO2 sequestration)

• Fluid Withdrawal
– Geothermal
– Hydrocarbon

• Scientific Experiments



http://www.usgs.gov/blogs/features/usgs_top_story/man-made-earthquakes/



ODNR  Oil and Gas Resources Management, 2012

I Hazardous Waste
Deep

II Oil & Gas Waste

III Liquid injected to 
dissolve minerals

IV Hazardous Waste
Shallow

V Non‐Hazardous
Shallow

VI CO2 Carbon 
Sequestration

Ohio EPA







ODNR Geological  Survey, 2011



Injection Started 
December 2010

First Earthquakes 
March 2011



“ … not seen any evidence 
that shows a correlation between 
localized seismic activity and deep 
injection well disposal”

“There’s no data linking the well to 
earthquakes.”

“Injection induced seismicity in 
Youngstown is a valid and testable 
scientific hypothesis.”
Ray Beiersdorfer



“ODNR has not seen any evidence that 
shows a correlation between localized 
seismic activity and deep injection well 
disposal” Heidi Hetzel‐Evans, ODNR

“There’s no data linking the well to 
earthquakes.”
Nick Paparodis, V.P. ‐ D&L

“Injection induced seismicity in 
Youngstown is a valid and testable 
scientific hypothesis.”
Ray Beiersdorfer





North Star #10 Construction Details
• 9,192 feet Deep
• 204 foot “rat hole” into Precambrian basement 

rocks (1.2 BYO igneous and metamorphic)
• Casing depth = 8,215 feet
• “Open hole” completion; no casing from 8,215’ to 

9,192’ (977 feet total)
• Injection Formations: Cooper Ridge Dolomite, 

Conasauga Fm, Rome Fm, Mt. Simon Sandstone 
and Precambrian Basement

• Commenced injection December 2010



ODNR Report March 2012

Injected 495,622 barrels (over 20 million gallons)

Fault is around 2.2 to 2.3 miles below the surface. 

Foci of the earthquakes are around 
4,000 ft laterally 
2,500 feet below 
the bottom of the well.









ODNR Report March 2012

2011 Timeline

March 14th Request Increase in Pressure

March 16th Get Permission Granted

March 17th Two Earthquakes

March 19th They Increase the Pressure



February 6, 2013



























5 USGS and Lamont-Doherty Cooperative Seismographic Network (LCSN) reported events 
 
Date	
(year/mo/dy)	

Time	
(hh:mm:sec)	

Latitude	
(ºN)	

Longitude	
(ºW)	

Depth	
(km)	

Magnitude	 Location	

2014/03/10 06:26:45.9 41.010 80.543 2.5 3.0 31 km (19 mi) SSE of 
Youngstown,OH 

2014/03/10 06:42:44.1 41.009 80.555 5.0 2.4 31 km (19 mi) SSE of 
Youngstown,OH 

2014/03/10 15:03:47.7 41.010 80.530 5.0 2.2 31 km (19 mi) SSE of 
Youngstown,OH 

2014/03/10 15:44:06.8 41.009 80.532 5.0 2.6 32 km (20 mi) SSE of 
Youngstown,OH 

2014/03/11 07:01:13.0 41.002 80.534 5.2 2.1 32 km (20 mi) SSE of 
Youngstown,OH 

 
 
Additional 7 shocks are detected by detailed analysis of seismic records around the 
epicentral area.  Events are detected based on their waveform similarity with the 
reference event on 03/10/2014 06:26:45.9 (M 3.0), so locations are fixed to the reference 
event. These shocks are quite small (M 1.2 – 2.2) and are not felt by residents. 
 
Date	
(year/mo/dy)	

Time	
(hh:mm:sec)	

Location	&	depth	fixed	to	shock	
on	2014/03/10 06:26:45	

Magnitude	

2014/03/04 23:14:01.10 41.010 80.543 2.54 1.36 
2014/03/05 03:05:19.18 41.010 80.543 2.54 2.24 
2014/03/05 06:12:15.08 41.010 80.543 2.54 1.47 
2014/03/06 15:31:03.70 41.010 80.543 2.54 1.58 
2014/03/10 06:12:35.65 41.010 80.543 2.54 1.18 
2014/03/10 06:23:10.68 41.010 80.543 2.54 1.44 
2014/03/10 14:41:17.03 41.010 80.543 2.54 1.52 
 
March 13, 2014 
Won-Young Kim, Lamont-Doherty Cooperative Seismographic Network (LCSN)  
Lamont-Doherty Earth Observatory of Columbia University 

2.5 km = 8,200 
feet



5 km = 16,000 feet



8,100 ft = 2.47 
km 
9,600 ft = 2.9 km 

Where did the 
earthquakes 
occur?





The investigation has concluded that the 
events observed within remote and isolated 
areas of the Horn River Basin between 
2009 and 2011 were caused by fluid 
injection during hydraulic fracturing in 
proximity to pre-existing faults. 

Two instances of wellbore deformation 
along horizontal sections were reported by 
one operator.



England 2011



Less fluid should be injected during future hydraulic fracture 
treatments.

Earthquake activity should be carefully monitoring before, during and 
after fracture treatments. If any earthquakes above a certain magnitude 
threshold occur, the operations should be temporarily suspended. A magnitude of   
0.5 ML is suggested as an appropriate threshold. 

Detailed microseismic monitoring should be carried out for the next 
hydraulic fracture treatment 



Found evidence 
of contamination





Source: commondreams.org













Over 100 times 
greater than other 
sedimentary rocks





October 2013











Source: Teresa Mills, Center for Health, Environment & Justice







The citizens group, which opposes fracking, says it 
received “disconcerting documents” earlier this week 
showing that Austin Masters Services is claiming 
“trade secret protections” regarding the method the 
company plans to use to determine levels of 
radioactive materials, specifically technologically 
enhanced naturally occurring radioactive material, or 
TENORM.





Congenital Heart Defects (CHDs)     Neural Tube Defects (NTDs)



Residents living ≤½ mile from wells are at greater risk for health effects from Natural 
Gas Development.

Subchronic exposures to air pollutants during well completion activities present the 
greatest potential for health effects.

The subchronic non-cancer hazard is driven primarily by exposure to 
trimethylbenzenes, xyl enes, and aliphatic hydrocarbons. 

Cumulative cancer risks were 10 in a million and 6 in a million for residents living ≤½ 
mile and >½ mile from wells, respectively 

Benzene as the major contributor to the risk. 







“Since the earliest gas wells, uncontrolled migration 
of hydrocarbons to the surface has challenged the oil 

and gas industry”

Brufatto et al., Oilfield Review, Schlumberger, Autumn, 2003

SCP=Sustained Casing Pressure.
Also called sustained annular
pressure in one or more of the 
casing annuli.

Source: Dr. A Ingraffea



Source: Dr. A Ingraffea
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Hazard Prediction for Conventional and 
Unconventional Wells: Statewide, Post‐2009 Data

(weeks)

Unconventional wells show a 58% (95%CI [47.3%, 67.2%]) 
higher risk of experiencing structural integrity issues relative

to conventional wells

27,455 wells and 75,505 inspections



Hazard Prediction for Northeast and 
Non‐Northeast Counties: All Wells

Source: Dr. A Ingraffea
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Bradford, Cameron, Clinton, Lycoming,
Potter, Sullivan, Susquehanna, Tioga, 
Wayne, and Wyoming = Northeast



Source: www.epaosc.org/site/site_profile.aspx?site_id=8063




