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NOTE:

Outside sources of information
cited or shown in this material
will be referenced and given credit
at the end of this presentation.
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Figure 1: Methods that water enters a groundwater aquifer.
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Figure 2: Amended USGS map of major aquifers of the U.S.
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Figure 3: USGS aquifer map with 1980 — April 2013 earthquakes > M 4.0.
along with the location of the sub-plates of the North American plate.
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Figure 4: Location of the epicenter of the 2011 Virginia quake, from the USGS.
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Figure 5: Virginia groundwater monitoring system, from the USGS.
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Figure 6: SOW 080 Virginia monitoring well, which is
Located east of Richmond, Virginia.



Figure 7: Cumulative rainfall map of 2011 Virginia quake area
from August (13 - 22) 2011.



Figure 8: Drought maps before and after 2011 Virginia quake.
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Figure 10: Cumulative rainfall map from October (9, 10, 27,28) 2011.



Figure 11: Drought maps before and after 2011 Oklahoma quake.
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Figure 12: E - W - seismic profile across Wilzetta Fault Complex.
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Figure 13: Location of 2013 Oklahoma quake, from the USGS.
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Figure 14: Groundwater recharge pattern of the Central Oklahoma
Garber Wellington aquifer.
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Figure 15: Rainfall percentage map for the month preceding 2013 Oklahoma
earthquakes.
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Figure 16: Cumulative rainfall map from April (2-5, 10, 11, 13) 2013.



Figure 17: Drought maps from before and after the 2013 Oklahoma quake.



Monday, April 22, 2013

Figure 18: USGS monitoring system for groundwater aquifers (March 2013).
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Figure 19: Buoyancy affects the sigma 2 stress in compression strike slip
fault systems.
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Figure 20: Water level and storage volumes of Lake Mead from 1935 - 1948. Date and
estimate of earthquakes size from 1975 study of seismicity of the region. Notice the

correlation between the filling of the reservoir an

d timing of earthquakes in the area.




Figure 21: Taipei 101 was completed in 2004, it weighed 780,000 tons when completed.
It has been associated with an increase in seismic activity during its construction.



Table 1: Mass transfer events along with respective weight change to the system.

Weight for each
Number of Total 10% of
Water rain events number of | Total Weight | Weight/Day Absorption
(acre/ft) (Day) Days (Tons) (Tons) (Tons)

Virginia 2011 1,839,580 - 2, 5 Trillion 250 Millions 250 Millions
Oklahoma 2011 _

Garber
Wellllngton 559,361 760 Million 40 Millions 76 Millions

251,361 _ 342 Million 18 Millions 34 Millions
Oklahoma2013 | | 7 |

Garber
Welllmgton 617,386 839 Million 70 Million 84 Million

355545 | | | 483Million | 40.3Millions | 48 Millions

N P P
(5000bbl/day) 21 30 28,773 959

o Lsooow | | e | csven | usmien |
(1936) 5,000,000 6.8 Trillion 113 million

R N T T T
Tower 3 Years 960,000 877
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Figure 22: Proterozoic plate map of North American plate.
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Figure 23: Heat source map of the U.S. Though the system of sub-plate boundaries are
thought to be cooling, they are still active and generating heat. Some of heat signature
is affected by the apparent thinning of zones within the crust.



Preliminary Determination of Epicenters

Figure 24: Locations of earthquakes from 1963 — 1998 outline the major active plate
boundaries, along with some of the less active sub-plate boundaries.
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Figure 25: Shows the active steering current forces on the crustal plates due to plate
tectonics. Compressional forces from southeast currently act upon the U.S. portion of
the North American plate.
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Figure 26: North American plate and its major sub-plates.
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Figure 27: IRIS scale comparing energy release of earthquakes to other events.
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*Major groundwater basin (aquifer) is defined as a distinct underground body of water
overlain by contiguous land and having substantially the same geological and hydrological
characteristics and from which groundwater wells yield at least fifty (50) gallons per minute
on the average basinwide if from a bedrock aquifer and at least one hundred fifty (150)
gallons per minute on the average basinwide if from an alluvium and terrace aquifer,

or as otherwise designated by the Board.

For more information please visit the OWRB's web site at: ( http://www.owrb_ok.gov )
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All Oklahoma Class Il UIC Wells
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