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• Background: NodalSeismic acquired data for 
Gunn Oil near Sweetwater, TX using an innovative 
survey design 

• Objective: The objective of this talk is to introduce 
the Sweetwater dataset and stimulate ideas for 
large-N research 

• Agenda 
•  Data Acquisition (10-15 min) 

•  Data Management (10-15 min) 

•  Data Analysis (10-15 min) 

 



•  High quality seismic acquisition system 
•  Completely cable-free/wire-free 
•  Flexible Design 
•  Autonomous 
•  Fast, safe, and low-impact 
•  Efficient in all terrains 

NodalSeismic 



 
      NodalSeismic offices  

 



•  Zland Node – Autonomous data 
acquisition system  

•  5” diameter 
•  6” height 
•  Total weight 4.8lbs 
•  Internal GPS clock 
•  Flash memory drive 
•  Single component vertical 

geophone, 10 Hz natural 
freq 

•  2 week battery life in 
continuous record mode 



Nodal Seismic Operations 



Sweetwater 3D 

•  Collaborative mixed sensor seismic survey incorporating 
broadband sensors and nodes (NodalSeismic, Nanometrics, 
IRIS/PASSCAL) 

•  Data acquired March 7 – April 30, 2014. 

•  Primary objective is oil and gas survey for Gunn Oil Company. 

•  Gunn Oil has agreed to make continuous data available to 
academic and industry seismologists. 

•  Opportunity to test new techniques with dense arrays. 

•  Data available by the end of July/August. 



Sweetwater 3D Seismic Array 



Sweetwater 3D Seismic Array 



25 broadband stations 
     5 Polar Trillium 120PHQs (From NSF equipment at PIC) 
     21 Trillium Compact Postholes from Nanometrics 
     Centaur digitizers from Nanometrics 
     25 Polar quick deploy enclosures 
 

2639 nodes from NodalSeismic 
     6” height - 5” diameter - 4.8lbs 
     Single component vertical geophone 
     10 Hz natural frequency 
     2 week battery life 
     GPS for timing 
     24 bit analog to digital converter 
      
 
 
 



Sweetwater 3D Sources 
 

•  Vibroseis sweep 
•  Teleseismic Earthquakes 
•  Injection wells 
•  Oil Pump Jacks 
•  Microseismic earthquakes 
•  Large wind farms 
•  Fracking wells 
•  Roads 
•  Farm machinery 
•  Trains 0 
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Survey Design 
 •  BACKGROUND ARRAY – PRVENTS GAPS IN AREAL COVERAGE FOR LARGE 

SURVEYS DURING RECEIVER LINE ROLL 

•  OUTLIER ARRAY – PROVIDES ADDITIONAL FAR OFFSETS AND VALUABLE EDGE 
CONSTRAINTS FOR PASSIVE DATA ANALYSIS 

Outliers Active Source Patch 

Backbone Array 

Conventional survey outline 





DATA ACQUISITION 

•  ARE THERE OTHER ELEMENTS TO SURVEY DESIGN THAT MAY IMPROVE 
PASSIVE DATA ANALYSIS? 

•  ARE THERE ADDITIONAL TYPES OF SENSORS THAT WOULD ADD VALUE TO 
THIS DATA? 

•  3C, STRONG MOTION SENSORS, MICROPHONES, DAS, STRAIN 
SENSORS, ROTATIONAL SENSORS, ETC 

•  IS THERE A WAY TO USE CONTROLLED SOURCES WITH LOW FREQUENCY 
CONTENT (<2HZ)? 



•  END OF SURVEY – EXTRACT DATA FROM NODES 

•  WRITE DATA TO EXTERNAL DISK 

•  SWEETWATER 3D – 85 500GB HARD DRIVES 

•  COPY DATA TO HPC FOR ANALYSIS (~35TB) 

•  MAKE BACKUPS AND ARCHIVE 

•  CONVERT TO USEFUL FORMAT FOR ANALYSIS 

DATA MANAGEMENT 



DATA MANAGEMENT 

•  WHAT DATA FORMAT IS BEST SUITED FOR THESE TYPE OF 
SURVEYS?  

•  HOW TO GET INSTRUMENT MANUFACTURERS TO DELIVER 
THESE FORMATS OUT OF THE BOX? 

•  PISCES, (NETCDF, HDF5, AND ADIOS), SEED, 
SEGY/SEGD, INTEGER OR FLOAT, OTHER? 

•  WHERE TO HOUSE THESE LARGE DATASETS? 



M4.3 earthquake in Oklahoma 

•  4193 traces displayed using variable density plot 

•  First few seconds of P-wave arrival shows significant variation 
beneath the array 

BP filter 1-2-10-12 Hz 



M4.3 earthquake in Oklahoma 

BP filter 1-2-10-12 Hz 



MULTI-SCALE IMAGING 
Yellowstone 
Teleseismic 

Oklahoma 
Regional 

Vibroseis 
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DATA ANALYSIS 

•  WHAT STRATEGIES ARE AVAILABLE FOR IMAGING 
RESERVOIRS WITH SURFACE WAVES? 

•  HOW CAN WE UTILIZE NEARBY WIND FARMS TO IMAGE THE 
SUBSURFACE? 

•  CAN THE BROADBAND DATA BE UTILIZED TO CONSTRAIN 
EARLY ITERATIONS OF A FULL WAVEFORM INVERSION? 
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