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prediction using big 

data, geoscience and 

novel spatio-temporal 

methods

Shaking our foundation –
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This Project aligns to DOE goals

To constrain & understand effects of subsurface engineering:
• At different scales and using different disciplines

• To evaluate a range of potential environmental, social, and economic variables

• To evaluate various scenarios, for risk reduction, resource evaluation, & improved efficiency

• To highlight knowledge and/or technology gaps 

• To improve understanding by incorporating uncertainty information

This project is developing an approach to evaluate 
& predict induced seismicity risk using 

probabilistic & big data computing methods
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Challenge – How do we predict subsurface behaviors?

• Given there is now a global 
subsurface dataset, how can 
we use this to better 
understand the subsurface?

– Prediction of specific properties 
and subsurface features

– Use to predict how our 
interactions relate to future 
resource

– Improve our ability to interact 
with the subsurface (resource 
production, CO2 storage, 
geohazard prediction, etc)

• With more than 6 million wells worldwide, to what degree is the subsurface perturbed?  

– What does that mean for the future?

Rose, K., 2016, Signatures in the Subsurface – Big & Small Data Approaches for the Spatio-Temporal Analysis of Geologic Properties & Uncertainty Reduction, 
162 pgs, http://hdl.handle.net/1957/59459

http://hdl.handle.net/1957/59459
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In particular, induced seismicity is shaking things up

Human engineering of the deep 
subsurface is causing manmade aka 

induced seismic events in 
unprecedented #’s and locations
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This project seeks to address the need for rapid, repeat evaluations

Mark Zoback, a geophysicist at Stanford 
University who studies induced earthquakes, 
says: "It's important to recognize the risk that 
these maps point out, but …
that risk is going to change depending on 
what's happening on the ground."

http://www.npr.org/sections/thetwo-way/2016/03/29/472232829/u-s-
geology-maps-reveal-areas-vulnerable-to-man-made-quakes

This need was spotlighted by a 2016 USGS report
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Project Objectives – 2014 to 2016

At any given point in space and time 
can we assess the probability of 

triggering an induced seismic event…?

… use big data-geoscience computing with 
probabilistic methods … ?

…can we integrate scientific knowledge with 
multiple heterogenous datastreams …

… transform how we assess probability of 
future induced seismicity? 

…leverage state-of-the-art computational 
and algorithmic resources to assess 

correlation and causation … ?
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Goal: Address potential for 
causing induced seismicity  
events through application 

of computing techniques for 
data mining, discovery, 
integration and analysis

Project Goals

Select relevant datasets
Access & 
Combine
data and 
tools to…

Highlight regions with an 
increased likelihood for 
induced seismic events

Evaluate
correlations and 
spatio-temporal 

trendsUltimate product:  Produce a 
platform with data, workflow, 

and tools that support a 
spatio-temporal assessments 
to highlights regions with an 

increased likelihood of 
induced seismicity
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Organization Chart

Task 1 – Geoscience computing advances

NETL (EDX team), LANL, & PNNL (Velo team)

ANL (in-kind, big data computing)

Task 2, Development of probabilistic 
approaches for induced seismicity 

(LANL, LLNL, NETL, OGS, SNL)
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What is “big data”

Big datasets tend to 
be unstructured, 
distributed and 

complex

Big data can be defined by:
• The volume of information that 

systems must ingest, process and 
disseminate

• The velocity at which information 
grows or disappears

• The variety in the diversity of data 
sources and formats
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What is big data computing?

• Combination of hardware & software 
technologies that make it possible to 
realize value from “Big Datasets”

• HPC vs BDC
– Traditional HPC systems are focused on 

performing calculations at fast speeds
– BDC is focused on computing to sift 

through huge amounts of big datasets
– HPC systems usually cost $1000’s of k
– BDC can operate on range of hardware, 

including inexpensive ($10’s of k) 
clusters optimized for distributed, in-
memory, iterative processing for 
analytics, query, and data mining

• Both HPC and BDC can harness cloud 
server farms or add additional physical 
nodes
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How Are We Evaluating Induced Seismicity Probabilistically with Big Data?   

• Developing tools and approaches to manage 

multiple heterogeneous datasets

• Developing a beta probabilistic approach 

that can be utilized to assess potential for 

induced seismicity impacts through big data 

analyses

• Developing approaches to reduce 

uncertainty and constrain subsurface trends

• Improving joint analysis of multiple 

datasets, using “Big Data” mining and 

integration techniques

data source:  OGS 2015

Example analysis: Spatio-Temporal Earthquake 
Distributions Vs. Fault and Surface Water Distributions
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Approach & Results – Need to understand the causes 

Reviewed 100’s of peer-reviewed articles and other 
references to identify potential causes or correlation 
factors for both natural and induced seismicity

• Focus on hypothesis driven variables & methods

0 2 4 6 8 10 12 14 16 18 20

surface hydrology

groundwater

Seasonal Varaitions

Precipitation

Tidal influence

Extreme Events

Reservior

Lithology

Faults

in situ stress

Pore pressure

Injection volume

Fluid Flow

Identified variables affecting induced and natural seismicity
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Which human activities are thought 
to trigger earthquakes?
• Wastewater injection
• Hydraulic Fracturing
• Oil and gas production
• Mining
• Geothermal energy
• Groundwater extraction
• Dammed lakes
• Large construction projects

Approach & Results - Induced Seismicity Causes

How do these activities trigger earthquakes?
• Changes in the state of stress
• Pore pressure changes 
• Volume changes 
• Applied forces and loads 

Source: Davies et al. 2013
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Commonly utilized analytical methods for assessing induced and natural seismicity

Approach & Results - Methods for Evaluating and Analyzing Data

Building off 
Existing Knowledge

Identifying which method(s) are most appropriate for 
the data and use in the proposed probabilistic tool to 

assess risks of triggering induced seismicity events 
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Activities linked to natural and induced seismicity events
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Injection & Disposal
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Infrastructure
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CO2



15
National Energy 
Technology Laboratory

Approach - Adapting big data for geoprocessing

Goals:

• Develop Big Data GIS tools that leverage 
parallel processing and HPC 

• Perform data mining, analysis, simulation, 
and modeling of high volume, velocity, and 

variety spatial and non-spatial data

Big data + Geoprocessing will help:

• Expose geographic & temporal patterns
• Find spatial relationships

• Perform predictive modeling

THURSDAY, AUGUST 18, 2016

1:00 PM Advances in Data 
Discovery, Mining, & Integration 

for Energy (EDX)   – Vic Baker
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Some results to date – Using NETL’s CSIL for preliminary data analysis

OK CSIL analysis is based on results of meta-analysis (lit review) and “seedling” data mining

CSIL’s quickly measures the total 
number of activities OR estimated 

“cost” per unit area (cell)

Cumulative Spatial Impact Layers (CSILs) is a spatio-temporal 
approach that identifies potential impacts to various socio-

economic and environmental actives within a region
Bauer et al., 2015

CSIL analysis of 10 key 
datasets relating to 5 natural 

earthquake factors

CSIL analysis 8 key datasets 
relating to 7 anthropogenic 

earthquake factors 

CSIL analysis of 18 key datasets 
related to natural and anthropogenic 

earthquake factors 

https://edx.netl.doe.gov/dataset/oklahoma-seismicity-story-map
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CSIL Analysis vs Earthquake Density in OK
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• Weak links = large distances between neighboring earthquake events, strong links = short distances  

• Strong links form spanning forest (collection of distinct trees spanning all events)

• Two types of clusters: singles (single-event trees) and families (multi-event clusters).

Results to date - Earthquake cluster analysis with modified NN approach

• Each earthquake 𝒋 in the catalog is connected to its nearest neighbor (parent) 𝒊 according to the NND 𝜂. 

• All examined events form a single cluster: nearest-neighbor links form a spanning network. 

• Spanning network is a tree (no loops).
Adapted from:  Zaliapin I and Ben-Zion Y (2013), "Earthquake clusters in southern California I: Identification 

and stability", Journal of Geophysical Research: Solid Earth. Vol. 118(6), pp. 2847-2864. Wiley Online Library. 

Vasylkivska and Huerta, in prep
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Center of each 
square is a parent of 
the given cluster.
Triangles are events 
with undetermined 
depth.

The largest clusters occurred in 2011-2015. 
Many events have undetermined depth of 5 km.

• Color scheme follows map. 
• Many of the events in the largest cluster have unknown depths. 
• Generally, for each cluster the depth of the child events (empty 
circles) is smaller than the depth of the parent event (filled square). 

Preliminary results in time and space (X,Y and Z)

Evaluating Spatio-temporal Relations in 4D

Vasylkivska and Huerta, in prep
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• Hadoop application development 
– Hive, Java-based MapReduce 2.0, Spark, ESRI

• ESRI / Hadoop development:
– Hive/ESRI development. Good for analysis / 

data mining)

– ‘Well API correlation’ via Hive using spatial 
binning

– Focus on Java-based MapReduce dev  

• Ongoing:
– Major upgrades to EDX to improve mining, 

integration, analysis, and collaboration for 
DOE R&D community

– Spark application development

– Elasticsearch add-on for faster queries

Example Results - Big Data Algorithms for Mining & Analysis

• Search/mining algorithm, way to find, 
acquire and integrate open datasets from 
across the web

• NN cluster algorithm tested
• VGM uncertainty quant/viz algorithm
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Example Results – big data processing time test

• Compared execution times for 
varying size data sets using 
Hadoop cluster-based 
MapReduce and Spark vs a 
stand alone, single threaded 
Java application (running on 
the Hadoop cluster’s main 
node). 

• Spark’s in-memory 
design outperform the 
single-threaded Java 
application

• Team succeeded in running the NN algorithm in the geoprocessing, 
big data cluster.

• Time of execution went from 10 hours on desktop PC to 10 minutes 
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Example Results – big data geoprocessing

Merging GIS and Big Data 
computing for advanced 3D/4D 
geospatial analysis

• Offload intensive geometric 
operations from desktop to a Hadoop 
cluster

• Is highly scalable 
• Self healing 
• The approach is ideal for executing 

parallel operations on geometric 
operations involving many features.
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Tech Transfer & Accomplishments to Date

• Baker, D.V., Rose, K., Bauer, J., and Rager, D., accepted, Computational Advances and Data Analytics to Reduce Subsurface Uncertainty, ARMA 16-493, June 26-

29, 2016, 16 pgs.

• Baker, V., Rose, K., Bauer, J., and D. Rager. Computational advances and data analytics to reduce subsurface uncertainty, American Rock Mechanics 

Association (ARMA) Symposium, Houston, TX, June 26-29, 2016. http://armasymposium.org/

• Baker, D.V. “Vic”, Bauer, Jennifer, Rose, Kelly. Big Data Geo-Analytical Tool Development for Spatial Analysis Uncertainty Visualization and Quantification 

Needs. American Geophysical Union Fall Meeting, December 14-18, 2015. http://fallmeeting.agu.org/2015/.

• Bauer, J. R., Rose, K., Vasylkivska, V., Justman, D., Glosser, D., Miller, R., and D. V. Baker. Big data and spatio-temporal approaches for multivariate analysis, Esri

User Conference, San Diego, CA, June 27-July 1, 2016. http://www.esri.com/events/user-conference

• Bauer, J., Rose, K., Romeo, L., Nelson, J., and Dick, D. Analyzing multisource and multidimensional data to evaluate spatio-temporal trends and patterns of 

potential impacts related to modelled offshore hazards, CoDA conference, Santa Fe, MN, March 2-4 2016. http://www.cvent.com/events/coda-2016-

conference-on-data-analysis-2016/event-summary-a11ed42531524891a3ebeb626147a980.aspx

• Justman, D., Rose, K., Bauer, J., Miller, R., and Vasylkivska, V. Evaluating the Mysteries of Seismicity in Oklahoma, San Diego, CA, June 27-July 1, 2016. 

http://www.esri.com/events/user-conference

• Justman, D., Rose, K., Bauer, J., Miller, R., Vasylkivska, V., Romeo, L., in review, Communicating and Evaluating the Causes of Seismicity in Oklahoma Using 

ArcGIS Online Story Map Web Applications. American Geophysical Union Fall Meeting, San Francisco, CA, December 12-16, 2016. 

http://fallmeeting.agu.org/2016/

• Rose, K. and Bauer, J. Wrangling Big Data to herd Geoprocessing for Analysis of Engineered-Natural Systems. Quality and Productivity Research Conference 

(QPRC), Tempe, AZ, June 14-16, 2016. Invited Session & Presentation. http://www.qprc2016.com/home.html

• Rose, K., Justman, D., Bauer, J., Baker, D.V., Miller III, R., Vasylkivska, V., Guillen, Z., Wendelberger, J., and Woodbridge, D., 2016, A multi-variate examination 

of the cause(s) of increasing induced seismicity events using geoscience computing & big data techniques, SPE/SEG Workshop: Injection Induced Seismicity –

Engineering Integration, Evaluation and Mitigation, 28 - 30 March 2016, Fort Worth, Texas, USA | Omni Fort Worth http://www.spe.org/events/16jftw/

• Rose, K., Bauer, J., M., Baker, D.V., Miller III, R., and Vasylkivska, V., 2016, Innovating beyond today’s GIS, advanced tools and analysis for energy-geosystems. 

Esri Federal GIS Conference & Developers Summit, Washington, D.C., February 24-26, 2016. http://www.esri.com/events/federal

• Rose, K., 2016, A multi-variate geospatial approach to constrain subsurface properties and reduce uncertainty, CoDA conference, Santa Fe, MN, March 2-4 

2016. http://www.cvent.com/events/coda-2016-conference-on-data-analysis-2016/event-summary-a11ed42531524891a3ebeb626147a980.aspx

• Rose, K., Bauer, J., Baker, D. V., Justman, D., Miller, R., and A. Tiwari, 2015, A Multi-variate examination of the cause(s) of increasing induced seismicity events 

using geoscience computing & big data techniques, Carbon Storage R&D Project Review Meeting, Pittsburgh, PA, August 18-20, 2015.

http://www.netl.doe.gov/events/2015-carbon-storage-rd

• Vasylkivska, V., Huerta, N., in review, Cluster analysis and fault identification from earthquake catalog. American Geophysical Union Fall Meeting, San 

Francisco, CA. December 12-16, 2016. http://fallmeeting.agu.org/2016/

• Vasylkivska, V., Huerta, N., Rose, K., Bauer, J., Probabilistic analysis of earthquake occurrence in Oklahoma, CoDA conference, Santa Fe, MN, March 2-4 2016. 

http://www.cvent.com/events/coda-2016-conference-on-data-analysis-2016/event-summary-a11ed42531524891a3ebeb626147a980.aspx

• QPRC Emily and ….

• >15 presentations & publications, more 
publications in prep

• Acquired & utilized millions of data records in 
3D & 4D preliminary analyses

• Some analytical methods tested show 
promising results

• Completed review of advanced probabilistic 
methods, assessed strengths & weaknesses of 
each

• Developed novel big data mining, integration 
& analytical algorithms

• Integrating existing DOE computing 
capabilities with new BDC capabilities resulting 
in geoprocessing advances

http://armasymposium.org/
http://fallmeeting.agu.org/2015/
http://www.esri.com/events/user-conference
http://www.cvent.com/events/coda-2016-conference-on-data-analysis-2016/event-summary-a11ed42531524891a3ebeb626147a980.aspx
http://www.esri.com/events/user-conference
http://fallmeeting.agu.org/2016/
http://www.qprc2016.com/home.html
http://www.spe.org/events/16jftw/
http://www.esri.com/events/federal
http://www.cvent.com/events/coda-2016-conference-on-data-analysis-2016/event-summary-a11ed42531524891a3ebeb626147a980.aspx
http://www.netl.doe.gov/events/2015-carbon-storage-rd
http://fallmeeting.agu.org/2016/
http://www.cvent.com/events/coda-2016-conference-on-data-analysis-2016/event-summary-a11ed42531524891a3ebeb626147a980.aspx
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Synergy Opportunities - Alignment to SubTER

• A probabilistic method to assess 
potential of future induced 
seismicity events

• New multi-scale, multi-type 
analyses for uncertainty reduction & 
spatial analysis

• Geoprocessing and computing 
advances

Ties to pillars, elements & projects

Ties also to geothermal, waste disposal, 
unconventional, offshore, and carbon 

storage projects, tools, and data
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Anticipated next steps …

• Further develop, test & then refine 
probabilistic approach

• Test at different scales, other 
areas, e.g. Geysers

• Validation, address and test "why" 
we are seeing results we are 
seeing in test cases etc.

• Considerations on scale or 
evaluation & advanced uncertainty 
analyses 

• Computing, continue growing and 
enhancing capabilities from big 
data computing world, HPC arena, 
and GIS domain 

• Continue leveraging capabilities 
and tools from DOE efforts

Ultimate product:  Produce a platform with data, workflow, and 
tools to support efficient & repeatable probabilistic assessments to 
highlight regions with increased likelihood of induced seismicity

Select relevant datasets
Access & 
Combine
data and 
tools to…

Highlight regions with an 
increased likelihood for 
induced seismic events

Evaluate
correlations and 
spatio-temporal 

trends
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Phase 1 Project Team:

1st Name Last Name Role Organization

Kelly Rose
Project PI & NETL 

POC
NETL

Jennifer Bauer Task 2 alt POC NETL NETL
Vic Baker Task 1 alt POC NETL NETL/Matric

Devin Justman GIS/Geologist NETL
Veronika Vasylkivska Applied Math/Stats NETL
Dennis Donaldson Structural Geology NETL

Roy Miller III GIS/Geologist NETL

Brian Tost
Wellbore 

geophysics
NETL

Gary Black PNNL POC/Lead PNNL

Chandrika
Sivaramakrishn

an
Velo developer PNNL

Zoe Guillen Velo developer PNNL

Xingyuan Chen
Velo, data 

assimilation etc
PNNL

Carina Lansing Velo developer PNNL
Pavan Balaji Computer Scientist ANL
Randy Gentry ANL POC/Lead ANL

Joanne Wendelberger
Group Leader 

Statistical Sciences
LANL

James Ahrens
Data science at 

scale
LANL

Lawrence Ticknor Statistician LANL
Divya Banesh Post-Doc LANL

1st Name Last Name Role Organization

Diane Woodbridge

SNL POC/Lead
computer scientist, 

data mining 
projects

SNL

Danny Dunlavy Tensor analysis SNL

Dave Cuyler
software eng. 
NGDS, CKAN, 
uncertainty

SNL

Randy Brost Data mining/Stats SNL
David Stracuzzi Data mining/Stats SNL

Kristina Czuchlweski
data mining, stats, 

artificial intelligence
SNL

Stephen Myers
Geophysics / 

Bayesloc
LLNL

Stanley Ruppert
Geoscience HPC & 

Big Data
LLNL

Joe Morris Geophysics LLNL
Rob Mellors Geophysics LLNL

Steven Magana-Zook
LLNL POC / Data 

scientist Developer
LLNL

Amberlee Darold
OGS POC / 

Seismologist
OGS
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For more information on 
data and tools visit:

Acknowledgment: This technical effort was performed in support of the National Energy Technology Laboratory’s ongoing research under the RES contract DE-FE0004000.

Disclaimer: This project was funded by the Department of Energy, National Energy Technology Laboratory, an agency of the United States Government, through a support contract with AECOM. Neither the United States Government nor any agency thereof, 

nor any of their employees, nor AECOM, nor any of their employees, makes any warranty, expressed or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or process 

disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its 

endorsement, recommendation, or favoring by the United States Government or any agency thereof. The views and opinions of authors expressed herein do not necessarily state or reflect those of the United States Government or any agency thereof.

Kelly Rose

kelly.rose@netl.doe.gov

Geology & Geospatial Researcher

https://edx.netl.doe.govhttp://esd.lbl.gov/subter

For more information on 
the SubTER crosscut:

mailto:Kelly.rose@netl.doe.gov
https://edx.netl.doe.gov/
http://esd.lbl.gov/subter
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TUESDAY, AUGUST 16, 2016
• 12:40 PM Monitoring Groundwater Impacts - Christina Lopano
• 1:55 PM Multi Variate Examination of the Cause of Increasing Induced Seismicity  – Kelly Rose 
• 4:40 PM Exploring the Behavior of Shales as Seals and Storage Reservoirs for CO2 – Ernest Lindner
• 5:05 PM Risk Assessment for Offshore Systems – Kelly Rose 
• 5:30 PM Metal-based systems in Extreme Environments  – Jeff Hawk
• 6:15 p.m. Poster Session 

– Kelly Rose - Developing a carbon storage resource assessment methodology for offshore systems
– Doug Kauffman - Catalytic Conversion of CO2 to Ind. Chem. And eval. Of CO2 Use and Re-Use
– Liwel Zhang - Numerical simulation of pressure and CO2 saturation above an imperfect seal as a result of CO2 

injection: implications for CO2 migration detection

WEDNESDAY, AUGUST 17, 2016
• 12:30 PM MVA Field Activities – Hank Edenborn
• 1:20 PM Microseismicity –Erik Zorn
• 2:35 PM Resource Assessment – Angela Goodman
• 2:35 PM Understanding Impacts to Air Quality from Unconventional Natural Gas  – Natalie Pekney
• 4:05 PM Improving Science-Base for Wellbore Integrity, Barrier Interface Performance   – Nik Huerta
• 5:20 PM Wellbore Integrity and Mitigation – Barbara Kutchko

THURSDAY, AUGUST 18, 2016
• 1:00 PM Advances in Big Data Discovery, Mining, & Analysis for Energy (EDX)   – Vic Baker
• 1:25 PM Methods for Locating Legacy Wells – Garrett Veloski
• 2:40 PM Reservoir Performance – Johnathan Moore 
• 3:05 PM Geochemical Evolution of Hydraulically-Fractured Shales  – Ale Hakala
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Appendix

– These slides will not be discussed during the presentation, but are mandatory

29
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Organization Chart

Task 1 – Geoscience computing advances

NETL (EDX team), LANL, & PNNL (Velo team)

ANL (in-kind, big data computing)

Task 2, Development of probabilistic 
approaches for induced seismicity 

(LANL, LLNL, NETL, OGS, SNL)
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Organization Chart

Phase 1 
Project 
Team:

Task Task 1st Name Last Name Role Phone Email Organization

1 2 Kelly Rose Project PI & NETL POC 5419675883 kelly.rose@netl.doe.gov NETL

1 2 Jennifer Bauer Task 2 alt POC NETL 5419184507 jennifer.bauer@netl.doe.gov NETL

1 Vic Baker Task 1 alt POC NETL vic.baker@matricinnovates.com NETL/Matric

2 Devin Justman GIS/Geologist 5419184561 devin.justman@netl.doe.gov NETL

2 Veronika Vasylkivska Applied Math/Stats 5419185964 veronika.vasylkivska@netl.doe.gov NETL

2 Dennis Donaldson Structural Geology 4123867344 dennis.donaldson@netl.doe.gov NETL

2 Roy Miller III GIS/Geologist 5419184561 roy.miller@netl.doe.gov NETL

2 Brian Tost Wellbore geophysics 5419184561 brian.tost@netl.doe.gov NETL

1 Gary Black PNNL POC/Lead 5093752313 Gary.Black@pnnl.gov PNNL

1 Chandrika Sivaramakrishnan Velo developer 5093726032 chandrika@pnnl.gov PNNL

1 Zoe Guillen Velo developer 5093726857 zoe@pnnl.gov PNNL

1 Xingyuan Chen Velo, data assimilation etc 509-371-7510 xingyuan.chen@pnnl.gov PNNL

1 Carina Lansing Velo developer 5093752482 carina.lansing@pnnl.gov PNNL

1 Pavan Balaji Computer Scientist balaji@anl.gov ANL

2 Randy Gentry ANL POC/Lead rgentry@anl.gov ANL

2
Joanne Wendelberger

Group Leader Statistical 
Sciences

joanne@lanl.gov LANL

1 2 James Ahrens Data science at scale ahrens@lanl.gov LANL

2 Lawrence Ticknor Statistician lot@lanl.gov LANL

? ? Divya Banesh Post-Doc dbanesh@lanl.gov LANL

2

Diane Woodbridge
SNL POC/Lead

computer scientist, data 
mining projects

dwoodbr@sandia.gov SNL

2 Danny Dunlavy Tensor analysis dmdunla@sandia.gov SNL

Dave Cuyler
software eng. NGDS, CKAN, 

uncertainty
SNL

2 Randy Brost rcbrost@sandia.gov SNL

2 David Stracuzzi SNL

2
Kristina Czuchlweski

data mining, stats, artificial 
intelligence

krczuch@sandia.gov SNL

2 Stephen Myers Geophysics / Bayesloc 9254234988 myers30@llnl.gov LLNL

2 Stanley Ruppert Geoscience HPC & Big Data 9254237552 ruppert1@llnl.gov LLNL

2 Joe Morris Geophysics 9254242263 morris50@llnl.gov LLNL

2 Rob Mellors Geophysics 9254230578 mellors1@llnl.gov LLNL

2
Steven Magana-Zook

LLNL POC / Data scientist 
Developer

9254226007 maganazook1@llnl.gov LLNL

2 Amberlee Darold OGS POC / Seismologist 405/325-8611 adarold@ou.edu  OGS

mailto:kelly.rose@netl.doe.gov
mailto:jennifer.bauer@netl.doe.gov
mailto:vic.baker@matricinnovates.com
mailto:devin.justman@netl.doe.gov
mailto:veronika.vasylkivska@netl.doe.gov
mailto:dennis.donaldson@netl.doe.gov
mailto:roy.miller@netl.doe.gov
mailto:brian.tost@netl.doe.gov
mailto:Gary.Black@pnnl.gov
mailto:chandrika@pnnl.gov
mailto:zoe@pnnl.gov
mailto:xingyuan.chen@pnnl.gov
mailto:carina.lansing@pnnl.gov
mailto:rgentry@anl.gov
mailto:joanne@lanl.gov
mailto:ahrens@lanl.gov
mailto:lot@lanl.gov
mailto:dbanesh@lanl.gov
mailto:dwoodbr@sandia.gov
mailto:dmdunla@sandia.gov
mailto:rcbrost@sandia.gov
mailto:krczuch@sandia.gov
mailto:adarold@ou.edu
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Gantt Chart
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Phase 1, Task 1 – Goals, Milestones, Schedule

Task 1 Research Leads -

Rose (PI & EDX Coordinator)

Baker (EDX Developer)

Gary Black (Velo lead)

10/15-12/15 1/16-3/16 4/16-6/16 7/16-9/16 10/16-12/16 1/17-3/17

Phase 1, Task 1 - Milestone Summary Table

Task 
No.

Task Title
MS 

Type
MS # Milestone Description

Milestone Verification 
Process (Who, What, 

When, Where)

Anticipated Date of 
Completion

1.1 Develop an EDX / Velo / Hadoop 
integration to support data 
gathering, mining, and analytical 
needs for the induced seismicity use 
case

MS 1
Deploy baseline mining-fusion functionality via EDX

Quarterly report Month 12

1.2 Evaluate ANL tools for irregular data 
management and fusion capabilities 
for integration within EDX 

MS 2 Complete assessment of irregular data management options Quarterly report Month 11

1.3 Integrate preliminary irregular data 
management capabilities based on 
1.2 recommendations/priorities 

MS 3 Complete use case based testing of new EDX / Velo
functionality

Quarterly report & 
EDX capabilities

Month 18

Task 1 – Geoscience computing advances

NETL (EDX team), LANL, & PNNL (Velo team)

ANL (in-kind, big data computing)

1.1 - Develop an EDX / Velo / Hadoop integration 
to support data gathering, mining, and analytical 

needs  (NETL, PNNL)

1.2 - Evaluate tools for 
irregular data management 

(ANL, LANL, NETL, PNNL)

1.3 - Integrate irregular data 
management capabilities 

(NETL, LANL, ANL, PNNL)
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Task 2 – Goals, Milestones, Schedule

Milestone Summary Table

Task # MS # Milestone Description Milestone Verification
Anticipated Date of 

Completion

2.1 4 Complete data conversion of OK seismic records Quarterly report Month 3

2.1 5 Complete calculation of hypocenters for historical OK seismic data… Quarterly report Month 4

2.2 6 Gathering and integration of high resolution climate data and other key datasets from 
Southern Plains ARM facility

Quarterly report Month 4

2.3 7 Evaluate adapting NETL’s VGM to pair with LANL uncertainty propagation 
approaches…

Quarterly report Month 12

2.3 8 Test spatio-temporal workflow for assessing probability of induced seismicity risk … Quarterly report Month 6

2.4 9 Incorporate findings from NL’s stochastic analyses to develop a workflow for IS events Quarterly report Month 15

2.4 10 Develop beta version of a stochastic tool for IS Quarterly report Month 18
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