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ML/BD solutions, tools and capabilities can be devised or implemented to
Collect disparate streamline and automate data collection, movement, and transformation
datasets and contextual ~

information
Incorporate data across
various scales and

formats

Span surface-subsurface

Not all data is equal, not
all data are easy...but
there is more out
there...put it to work!
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NETL's Geo-Data Science:
Inventing Intelligent Solutions to DOE FE Data & R&D Needs

Data Developing & innovating 9

GRID
METHOD ©

Discovery data, metadata, tools & =
approaches to support a
range of user needs

Subsurface
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Data Challenges z N

Analyze & Optimize

Testing, experimentation, &

Challenges scientists face in order to

effectively use data resources: validation
Data Access: Integrate & Label , ; \ ... Areyou
) Analytics, metrics, .,E‘xiem W ) P i Researc developin
~80% loss of published data after 20 yrs B me\r’]ts E— ‘§Apps\q'}-m- SAOTOR PINg
g » ABBrEgates, o \ Yl resources to
. features, & training data | , 5\‘-[ Data L
Data Discovery: B e Ufecrcle refine it?
1 H I >N - e
20% public data versus 80% private Explore & Transform {EBX| zfﬁg;g\‘ = (A
b -t ! {
. Data and knowledge curation, o v
Data Interoperablllty: cleanu!a, pr'epa.ration & EDX Geocube
La rge va riety of data makes it difficult to visualization Aflexible,cus_tomizableweb mappingapplicationt_hatallows
t h d d t users to display, compare, and explore geospatial data
create, exchange, and use data acCross
. . . Move & Store *  Store & share data in a structured secure database environment
different applications and systems ot —— R —————
g WOIF et r(l;c&ure, * Direct data access (not file based storage)
H : : H . pipelines, structure +  Consistent data with staff turnover
Data Analytics & Visualization: A e
ReqUire advanced Computational }* *  Allows for direct analysis from database \ J

capabilities, algorithms, and )
large data stores to analyses Discover & Collect (" waiceteams

h Instrumentation, lab
these data reports, sensors external
Web Search
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EDX Smart Search

A machine learning, big data tool for rapid,

online N, & F1 natial & non-spatial data
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Energy Data eXchange
Machine Learning Semi-Automated
Approach-

Converted Search

Terms & Phrases
. o 08G A tool that scans “seed” resources and
into a.n L identifies relevant keywords, then crawls the
Spatial Database web and parses the data for integration

v unit

period of
performance

Acquisition of
disparate data: Global Open Oil

0% Dark « >800 datasets & Gas \ i, LT Lo open data sources of
Dat « >4 Millions of "~ Infrastructure e )L information related to oil
i Data Density R ) o) ) & gas infrastructure

features Y U

across the globe

Discovered & integrated

lobal Oil'8
~ Gas Feature Ny -
Database 2 Number of features present per 25km? area

2 3 4 5 6 7 8 9 10 11

ENERGY | ?ﬁé&%ﬁém https.//edx.netl.doe.gov/dataset/global-oil-gas-features-database
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Defining a N=|anona.
St rate gy u p 1. Data acquisition 2. Data integration and transformation 3. Data analytics
front
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Global Oil & Gas
Infrastructure
Database

Raw Data Quality
data catalog rankings

A4

Steps for data:

Smart Search
e el Tool Expert-driven Database
1. ACC] uisition , (Automated manual search | pre-processing
machine learning)
H A
2. Integration & I I v
transformation, and Y ‘ Database Pt Data
creation ensity ualit
: (CSIL) quality
H Quality Raw Data
Ana |yt|CS rankings data catalog |
A 4
Database Database
post-processing QAQC Gap
I I analysis

Key Global Oil & Gas
Direction Infrastructure
of flow Database
—
Process
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As access to open, authoritative data increases science driven analyses face =]NATIONAL
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challenges to efficiently find, integrate and use these resources T L[ EsHnoLocy
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Volume in Exabytes

We are here VolP

Enterprise
Data

Volume, variety, and velocity of
data online is growing...
exponentially

How will you parse the tree from
the forest?
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 Problem:

el e N=|NATONAL
* Solution: o T TECHNOLOGY
* Index FTP silos using Hadoop LABORATORY

FTP Sites

USGS
WVGISTC
< /

Middleware Client

ClERbED

spark’

== @ArcGIS’
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o HNOLO
ABORATOR

APACHE &F

f =aalolm  Spark

Data Collection:
e FTP Recursion
e WWW Crawl

Metastore
(Hive, HBase)

Data Analysis:

* Phrase Generation
* Relevance Analysis
* Geoprocessing

Data Mining Clients
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Python source scripts used to cre

translate, and integrate the GOGI
geodatabase.

Used to check and remove for
duplicates

Conduct language translation to
English

Project spatial data

Generate updated versions of the
geodatabase
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scan through a geodatabase and remove points with identical locations but keep the point
Loading arcpy please be patent...”)

#This s
print("
import arcpy

import numpy

from arcpy import env
arcpy.env.overwriteOutput
arcpy.env.workspace = "C:\\tem
datasets arcpy.ListDatasets(

5_Global 0il_and_Gas_DB_fixpipe.gdb”

fclass
allfc
selAtt

[1
[1

"TempFC_FEAT_SEQ”

for dataset in datasets:
fclass.append(arcpy.ListFeatureClasses(feature_dataset=dataset))
featureclass in fclass:
for feature in featureclass:
allfc.append{festure)
- fc in allfc:
print "Processing... ",fc
arcpy.MakeFeatureLayer_management(fc,"tem
rows = arcpy.UpdateCursor("temp_layer", '
arcpy.AddField_management("temp_layer”, "Remover”, "SHORT",
aveHigh = @.@
rowPrev = long(@)
for row in
if row.
if

for

ayer™)

p_1l

s selAtt+" D") #use this code to sort decending

El

| data table and then trans
t creote an account with google and generats an APL Key

import arcpy

import os

import unicodedata

#igenerate a google api and place it
Place google api key hers

key

Hare

O M S e W b L R e

ate,

gabFilez = []
for path, dirs, f in os.walk(current_file_dir)
th{".gdb"):
les.append(f)
for 1 in s n{gdbFiles)ys
print iy "rgdbFiles[i]
#ask user

5 the select

ith thei higher Quality Rating
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ed sttributes from non-English to english us Transloste APT

numselect
catalog = curre
print catalog+” selected”

#This loca
#It a
#also

script Reads the data attributes and data
includes the metadeta from the C5V and
log file will be created that ]

E ists any erro

= cataleg
stDatasets
atacets
len{datasets)
"+datasets

arcpy.-env.workspace

_ nust have ARCPY installed
datazets = arcpy.

he T ng Tiles are in the same

#lser
#Makse sure
lder

[ R Y ST e

#a (5V file based off the edf catalog
#osk user
numselect? =

catalog? = catalogs

print catalog2+" selected.”
arcpy.env.workspace = catalog

or input to datasd

import csv
import os

#os and file setup
current_file_dir = os.path.dirname(_ file_ )
print "Opening log.txt file...”
features = current_file_dir+

Vifeature_classes.csy”
sr = current_file dir + "\\WGE1984.prj" #This is a p

#loop to list csv files in current directory

csvFiles = []
= for path, dirs, filas in o= walk(current_file_dir)e
for T in files:

if f.endswith(

=T

tion from a (5V file and Populates a Geodatabase with the spatial files found
ulates the collected data i

rs that the script encount ile running

rojcection file that will help move all dizperate data sets to a single spatial reference




Global Oil and Gas ;eature Example Feature Classes
Wmfw atasets

Geodatab Transport Ports, Railways, Pipelines
eodatapase
. Facilities/ LNG, Power Plants, Processing Plants,
N Ot a I I d ata |S Installations Refineries, Stations, Storage, Terminals
A\ 4 Production/ Oil and Gas Fields, Platforms, Well Pads,
eq u a I Extraction Underground Storage, Mines, and Wells
Ty - = \ Geology Sedimentary Basins
e Qual ity & qua ntity Feature Datasets Production and Overall quality score
. Extraction
| B 1
But understanding @@@@@
uncertainty and gaps O”&Gaswe”s\\
in data is important Feature Classes ~ Ranking data quality by
: NN =
for data driven ~ source, spatial and
analytics > temporal features helps
’
. with analytics
stakeholder decision g
making, and other OIXTV] Feature [DJBENAGE
needs Features Attributes | > 1996
i.e. records 3 | -60] 92 i.e. fields 3 ;g?i
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Visualization

.5. DEPARTMENT OF

Rose et al., 2018

NATIONAL

CHNOLOGY
_RORATORY

Feature Datasets

Feature Class Symbology and Total Number of Features

Transport

Production and
Extraction

Ports A\ n=3702

Railways n =280,734

Pipelines n =94 448

Liquid Natural Gas (LNG) @ n =329
Power Plants [l n = 14,097

Processing Plants . n=1922
Refineries * n=2272

Stations A n=13,876
Storage + n=26,103

Fields n = 25,236
Platforms and Well Pads Q n=9,845

Underground Storage E| n=3,731
Mines A\ n =51,602

Geology

Sedimentary Basins @ n=1,046

Wells Y n = 736,476

. . o
Well Density 25km? Grid S ,19/(,9/\9@\

(represents a totalof ¢ 5 rb/\\\/(l:\ AN

n=3544,809wells) [ | | |11

o
&
O W
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Analytics

Tip of the pyramid

Rose et al., 2018

Total Feature Density per 111km?
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Analytics!

Feature Datasets

Facilities and Installations

YT

Geology
0 1,000 kilometers Feature Density
C. by 25km? area
5
Tip of the pyramid .1!!!!!
4 Yo SN <
2% 5
2 2 %o,
-
&% 3 Spatial ©
= 5 2 g .Temporal
Cg; § 2 .Source
o
1 %‘ gl Overall
o @]
z pd

DiGiulio et al., in prep

Feature Classes
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Spatio-temporal data uncertainty
iInformation is often lacking due to
difficulties encountered:

« from the variety of potential sources
and definitions,

 visualizing uncertainty, and

¢ communicating results

Failing to effectively communicate
underlying uncertainty can lead to
and as
well as of current and
future research and products
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VARIABLE
. GRID
METHOD

.-
4
> ()
>
O

Allow for simultaneous visualization &
guantification of spatial data and uncertainty

| ST

! CEmE

: bl

= —HH

[ ) + | . »
o ThHEEHT R
VARIABLE
GRID
B‘memoo
Bauer & Rose, 2015 Communlc_ate da}ta (\{la color_s) and
uncertainty (via grid cell size)
ey e s ( Uncertalnty Viz/Quant for Spatio-
uses™ Temporal Analyses Can Improve:
Ep ronm &Urtace,
=1w e Resources evaluations
A -75 . .
R Estimating the depth to the * Impact assessments
[ RUEEEY . .
- — P base of groundwater to * Understanding trends in the data
l_l gLtEE HH . . . . ofe
o ] - v evaluate risks of groundwater * Calculating Project Feasibility

— - contamination K * Identifying Knowledge Gaps /
| R
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United States of America g
Canada |§
Argentina I'S‘

% Analytics —

Australia I("’,.
w

-y Gaps Matter
France < p
Spain .E
Netherlands .g
United Kingdom [Jl&
Germany [l &
Azerbaijan .%
Italy .3
Japan .;
Eovot [l
Indonesia -E

) o
Malaysia -;

Republic of Korea

Angola

Libya

Nigeria

Brazil

Algeria

Bolivarian Republic of Venezuela
Thailand

Columbia

China

95 998 1970 $9°L 092 SELTTLOLLFLY 159
oo

Trinidad and Tobago
India
Qatar

Russian Federation

60°Z1L8 16T HE

Saudi Arabia

T

Irag

Kuwait

SEGLELBL

0s0z

Kazakhstan

Oman

Uzbekistan
Turkmenistan _

United Arab Emirates _
Islamic Republic of Iran _

(X:k4
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Global Oil and Gas
Infrastructure (GOGI)

* ~800 datasets Supported by:

* 4 million+ of features EDF!—-
» Attributes some

- Ay ‘ _\.':.{ o ,,'

Global Oil and Gas Infrastructure

regions/features
Public Products:

* Technical report

* GOGI Database

e  Web mapping application

* Journal pubin prep: Digiulio
et al., in prep, Elementa
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https://edx.netl.doe.gov/dataset/global-oil-gas-features-database
https://edx.netl.doe.gov/dataset/development-of-an-open-global-oil-and-gas-infrastructure-inventory-and-geodatabase
https://edx.netl.doe.gov/geocube/#collections/gogi
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Predicting where oil is
likely to go based on

oceanographic data
impacts of oil spills in

the US Offshore

Array Of : - - Forecasting induced
o o Quantifying : R  dpE seismicity risk in
A p p I I Cat I 0 n S pipeline risks ¥ 5 & Wa Oklahoma

from extreme
weather and

( # of hazards/
100 sq. km cell

% 2
2 > = :
» =
al E
o MRERREE e
u

Adapted to work with 0_s00 100§ i
- e Viles

other approaches, tools, 0 250 500 1,000
and mOdEIS ) Active and Inactive Gas Storage Sites

and Counties with Populations over 10,000

Many data formats

Multi-scale
Characterizing
gas storage vs {
population ' " s

100k — 250k

trends 75k — 100k
Coal source vs

25k — 50k

County Population
Count (2010 Census)

750k = 1m

Gas Storage Site Status

o prals , transportation vs
8. DEPARTMENT OF o [NATIONAL . Inactive Y 4
ENERGY | N % consumption
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2018 Approach to Publishing R&D ¥
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https://edx.netl.doe.gov

A Virtual Library U_S_oevmmmg\‘
& Laboratory for ¢ SE“ER
Energy Science

Virtualizing team analytics

Continued innovations to
connect DOE FE affiliated
researchers to online
resources (tools, data, etc)

Publishing data products from » |
FE R&D for public reuse

A virtual lab/user facility for
FE R&D teams collaborate,
analyze, and utilize data

A
|

¢F 3

In development since 2011

N
o -

S. DEPARTMENT QF N: NATIONAL
ENERGY
'ENERGY | [YT/titee
] LABORATORY



Numerous Data Repositories

Offers opportunities and challenges

f Sl BLOG WRITE FOR DATAQUEST

https://www.dataquest.io/blog/free-datasets-for-projects/

/ PROJECT

18 places to find data sets for data
science projects

This is the fifth post in a series of posts on how to build a Data
Science Portfolio. You can find links to the others in this series at the

bottom of the post.

If you've ever worked on a personal data science project, you've probably spent a lot
time browsing the internet looking for interesting data sets to analyze. It can be fun
sift through dozens of data sets to find the perfect one, but it can also be frustrating t

download and import several csv files, only to realize that the data isn't that
interesting after all. Luckily, there are online repositories that curate data sets and

(mostly) remove the uninteresting ones.
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# Home

Q, Search

I'€ https

N -
National Energy Technology Laboratory

EMmVv

=N NETL's Energy Data eXchange Q
\ergy Data exchange

# Search Submissions

® Spatial Search Clea

pdata © Opens
les by MapBo
Prev
Types
B publication
£ Bl dataset

OPE

@ Show More Types

A Clear Keywords

Keywords
% gogi
W trs

% oilandgas...

A Clear Types

1

1

2

1

1

& Contribute

re3data

Global Oil & Gas Features Database

This submission contains a zip file with the developed Global Oil & Gas Features Database (as an ArcGIS geodatabase). Access

technical...

" zp

Development of an Open Global Oil and Gas Infra...

This submission contains a technical report describing the development process and visual graphics for the Global Oil and Gas

Infrastructure...

Submissions

rose -

E Other

& Groups = Portfolios # Tools & Workspaces & MyEDX ® About @ Help \"‘:
EDX OpenEl NGDS NOAA
@ EDX “* (Private) @
£ Ad d Search Builder Filter NETL Products:
gogi Q Relevance
2 submissions found for "gogi"
@ Submissions within the EDX system encompass many different forms of data. This includes, but is not limited to
pub s, apps, tools, or other resources that are data driven resources

the I

—

WAN " ¢
=N

Energy Data eXchange

¢ TS T T T - _ u


https://www.dataquest.io/blog/free-datasets-for-projects/
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Traditional Approach to Publishing R&D Data tools can be used to:

* Mine journal/patents other publications
e Convert tables and graphs back to data
e Gather images for analytics

* Scan and characterize documents

dimir Fedak

5 Heroic Tools for Natural Language
Processing

Big Data analysis is an essential tool for Business Intelligence, and Natural

ing (NLP) tools help process a flow of unstructured data

from disparate sources.

a Never miss a story from Towards Data Science, when you sign up
f fi arn n

Journal manuscripts, books, reports, written results

23
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Data driven
science...

...takes a team
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* Computing science can help address subsurface systems data
challenges

 How do we balance the tug of war between potential

of data to innovate vs. stakeholder concerns? ¥ Learn &

| Optimize

Aggregate & Label
Explore & Transform
* Think about demonstrating need vs value
e Error and uncertainty are important Move & Store
* Incentives to release data, data citations, journals, and scientific

community standards Collect

* Is all data equal? What are the data priorities?

* Fill in the data puzzle one piece at a time...

* If you don’t have the data you want, are there proxy data
that can fill in the gaps?

* Anonymization and other big data computing capabilities can help
unlock sensitive data to inform Kelly.rose@netl.doe.gov
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