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 The U.S. Geological Survey (USGS) is 
nearing completion of an assessment of undis-
covered, technically recoverable continuous oil 
and gas resources of the Permian Basin of west 
Texas and southeast New Mexico.  In 2016, 
the USGS completed the assessment of contin-
uous oil and associated gas in the Wolfcamp 
shale and Spraberry Formation of the Midland 
Basin.  The estimated mean resource for both 
the Wolfcamp and Spraberry is 24 billion bar-
rels of oil (BBO), making it the largest USGS 
domestic continuous oil assessment to date. 
 For the past two years, the emphasis of 

the resource assessment in the Permian Basin 
has been in the continuous petroleum accumu-
lations of the Wolfcamp shale and Bone Spring 

Formation of the Delaware Basin.  Both reser-
voirs have been the focus of increased horizon-
tal drilling during the past decade, with indus-

try targeting multiple oil and/or gas saturated 
intervals.  Assessment units (AUs) for the 
Wolfcamp shale and the Bone Spring For-
mation were identified and evaluated using ge-

ologic and production data.  The following 
eleven AUs were defined: (1) Delaware Basin 
Wolfcamp D Continuous Gas AU; (2) Dela-

ware Basin Wolfcamp C Continuous Gas; (3) 
Delaware Basin Wolfcamp C Continuous Oil; 
(4) Delaware Basin Wolfcamp B Lower Con-

tinuous Oil AU; (5) Delaware Basin Wolfcamp 
B Upper Continuous Oil AU; (6) Delaware 
Basin Wolfcamp A Continuous Oil AU; (7) 

Third Bone Spring Continuous Oil AU; (8) 
Second Bone Spring Continuous Oil AU; (9) 
First Bone Spring Continuous Oil AU; (10) 

Lower Avalon Shale Continuous Oil AU; and 
(11) Upper Avalon Shale Continuous Oil AU.  
The assessment will be completed in the Fall 

of 2018. 
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Objectives/Scope  
Shallow drilling losses are a significant prob-
lem in the Permian basin because of the pres-
ence of subsurface karst features. Karst pro-
cesses dissolve the soluble rock, producing 
voids and cavern systems that result in drilling 
losses. An operator drilling in Culberson 
County, Texas recently experienced total loss-
es drilling four surface holes in a pair of neigh-
boring pads located in bordering leases.  Drill-
ing into caverns negatively affected operations 
by reducing the drilled footage per day, in-
creasing fluid and cementing costs, and in-
creasing the difficulty in performing satisfacto-
ry cementing jobs to cover the water table.  
This paper will describe the issues faced drill-
ing with losses and explain how to manage risk 
of losses by improving surface well placement 
with two different, but complimentary tech-
niques:  airborne full tensor gradiometry (FTG) 
and pad-specific seismic to map subsurface 
hazards. 
Methods/Procedures/Process  
Airborne full tensor gradiometry (FTG) 
measures the directional components of the 
gravity field.  Multiple simultaneously ac-
quired tensor components allow identification 
of anomalies associated with subsurface voids. 
For this project, a Basler BT67 aircraft ac-
quired data over the target area with line spac-
ing of 328 ft. The flight took place over 3 days 
in July 2017.  
Feasibility modeling using Castile formation 
cavern system modern analogs reveals detecta-
bility of single caverns larger than 10m diame-
ter with the FTG system, however networks of 

smaller caverns are also detectable. Polygons 
created from analysis of negative Tzz anoma-
lies divide the detected cavern systems by 

tiered risk areas.  Curvature analysis further  
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