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Presenter
Presentation Notes
Consider a geologic formation contained within the midcontinent of the United States.  In the deep parts of the basin, hydrocarbons are produced from oil and gas reservoirs within the formation.  To the East, near the flank of the basin, fresh water is produced from aquifers contained within the same formation.  Drillstem tests provide formation pressure measurements in oil and gas wells while hydraulic head values are measured in water wells.  Our goal is to create a potentiometric surface across the midcontinent for the extent of this formation using the combination of these two sources of pressure data.
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Presentation Notes
A water well is drilled into a formation and the pressure of the formation causes the water in the well to rise to a level which is known as the hydraulic head.  Hydraulic head values are measured across an area for wells within the same formation and a potentiometric surface is calculated based on these measurements.
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Presentation Notes
A drillstem test measures pressure within a given interval of the well bore within the formation.  The elevation of this interval (Z) is calculated and used as the location for the pressure measurement.  The Pressure measurement (P) records the formation pressure in units of pounds per square inch (psi).  The density of the unit (ρg) is set to a constant of 0.465 psi/ft for all examples in this presentation which approximately accounts for the salinity of our formation across the midcontinent.  

Using these three inputs, a hydraulic head (H) value can be calculated for the given drillstem test using the elevation of the drillstem test (Z) plus the pressure measurement (P)  divided by the density (ρg).



Presenter
Presentation Notes
Solving for H in this example, a hydraulic head value of 600 feet is calculated for this drillstem test.
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Presentation Notes
Drillstem tests are performed in a variety of ways.  Multiple drillstem tests can be taken within the same formation, within the same well.  A well may contain drillstem tests in multiple formations, but we are only concerned about tests taken within the formation of interest.  In an effort to determine pre-production, virgin formation pressures, we will attempt to eliminate calculated head values that are affected by the following factors.

1.  Drillstem tests that do not seal properly, resulting in a lower pressure reading than formation pressure.
2.  Drillstem tests not run for a sufficient amount of time, meaning the length of the test is not sufficient to allow the formation pressure to fully equilibrate with the wellbore.
3.  An accurate drillstem tests measures a lower than pre-production formation pressure caused by formation drawdown that has occurred as a result of production over time.  Unlike the previous two examples where lower formation pressure was caused by inaccurate measurements, production drawdown occurs when reservoir pressure decreases due to the extraction of hydrocarbons.  
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Presentation Notes
Due to these three causes of low pressure, calculated hydraulic head values from drillstem tests can vary significantly within an area.  In fact, the majority of drillstem test pressure values fall well short of the pre-production formation pressure.  Assuming that any error in the drillstem test will result in lower values, we place more confidence in the higher calculated head values.  As a result, a potentiometric surface is estimated from the hydraulic head values at the top of the data cloud, while lower values are ignored.  Isolated data points above the surface are attributed to local overpressured zones, and are also ignored.
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Presentation Notes
Our study area in the midcontinent ranges from Latitude 33.5 to 43.0 and Longitude -95.0 to -106.5.  A query from the IHS database for oil and gas wells with drillstem tests in formations of Mississippian age within our study area returns over 38,000 drillstem tests in more than 27,000 wells.  A query of the USGS National Water Information System database (available online) returned nearly 1,300 water wells that produce from the same age.  While the NWIS data set comprised of water wells is a clean data set, the oil and gas wells will need some interpretation and quality assurance before we attempt to create a potentiometric surface from both sources of data for our study area.
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Presentation Notes
Viewing the data in 3-dimensions allows us to analyze the data, remove outliers, and select valid head values which accurately represent the pre-production formation pressures used to create the potentiometric surface.  In this slide the gray dots represent the average Z-value for all of the drillstem tests performed within formations of the Mississippian age.  The corresponding red values represent the calculated hydraulic head value for each drillstem test.
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In order to select a subset of calculated hydraulic head values for the potentiometric surface, the data set is divided into swaths half a degree of latitude (and later, longitude).  Each swath, which is roughly 35 miles wide, is viewed in a 2D orientation and the values at the top of the data cloud are manually selected (black hydraulic head values) as a subset of the data.  This process is repeated for each swath across the study area.  Following the completion of the latitudinal swaths, the procedure is repeated in the perpendicular direction using half a degree of longitude.  The two subsets are then combined and analyzed before creating the potentiometric surface.
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Presentation Notes
The two user-selected subsets of calculated hydraulic head values (latitude and longitude) are combined into a subset representing the pre-production head values.  The user-selected DST values are then combined with the USGS NWIS water well data set to create the potentiometric surface for the formation.



Potentiometric surface (in feet) for formations of Mississippian age. 

Formations of 
Mississippian age 

are not present 
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The potentiometric surface for formations of Mississippian age is displayed with areas removed from the surface where formations of Mississippian age are not present (Rascoe and Adler, AAPG Bulletin 1983).  Viewing the potentiometric surface, we can see that the surface is highest in the West with a maximum elevation above 1,200 feet and declines to 600 feet in eastern Kansas and Oklahoma.  The rise in the potentiometric surface in Missouri and Arkansas is seen in the water wells in the Ozark Mountains.



West East 
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The final product provides the ability to display multiple sources of information within one 3-dimensional scene.  In this north-facing view, the potentiometric surface is shown over the locations of drillstem tests (Z-values in gray) overlain by the land surface.  Notice the separation between the potentiometric  surface and the land surface to the west, a characteristic commonly seen in underpressured basins.  The formation becomes normally pressured as the separation between the potentiometric surface and the land surface decreases to the east.



Conclusions 
• In this demonstration we have presented an interactive 

method for selecting pre-production values of hydraulic 
head from an erratic data set to create a potentiometric 
surface. 

• In the past, we’ve tried algorithm-based methods but the 
human interpretation through 3D visualization analysis of 
the data has proven more effective.   

 
ngianoutsos@usgs.gov and pnelson@usgs.gov 

 
Questions and comments are encouraged. 
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