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ML/BD solutionstools and capabilitiesan be devised or implemented t

A Collectdisparate streamline and automatdata collection, movement, and transformation
datasets and contextual ]

information

A Incorporate data across
various scales and
formats
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Data Challenges AN

Challenges scientists face in order to ~ Analvze & Optimize
esting, experimentation, &

effectively use data resources: validation
DataAccess Integrate & Label -~ 2 h .. Areyou
. Analytics, metrics, External m\ ~ _“ i Researc developing
o 0 ¥ A A . . |
80% loss of published data after y@ segments, agaregates, AP o \ | esoUrces 1o
. features, & training data |’ : Data : N
DataDiscovery R k- \l , Lifecycle /5 , refine it?
20% public data versus 80% private Explore & Transform IEDX L R N S \
By~ " CUBE S K People
. Data and knowledge curation, s P
Data|nter0perab|||ty: cleanup, preparation & EDX Geocube
Large Va”ety Of data makes |t d|ff|Cu|t to visualization A flexible, customizable web mapping application that allows
users to display, compare, and explore geospatial data

create, exchange, and use data across

Store & share data in a structured secure database environment
Reduce Redundant Acquisition

Move & Store

different applications and systems i
Data wolrkflow, infraStr;’c;u ie, * Direct data access (not file based storage)
; i ; : - - pipelines, structure - Consistent data with staff turnove
Data_AnaIych & Vlsuallzz_itlon /A T e
Requ”-e advanced Computat|0na| % +  Allows for direct analysis from database \\

EDX Smart Search

A machine learning, big data tool for rapid,

online N, & F1 natial & non-spatial data

capabilities, algorithms, and _
Discover & Collect Ma\c;'!igeSLearrr:ing

large data stores to analyses _
h Instrumentation, lab
these data reports, sensors external
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Machine Learning SerAutomated

Converted Searc
Approach

Terms & Phrases I G22f GKIFIG aoldl ya

Into a_n Open O&C identifies relevant keywords, then crawls th
Spatial Database web and parses the data for integration

v unit

period of
performance

Acquisition of LR Y A -
disparate data: Global Open Oil = {%.J~ w#3 LTI < S Discovered & integrated
A>800 datasets & Gas SN : open data sourcesf

Infrastructure PN e -y information related to oil
Data Density R RER /I & gas infrastructure
b S YR across the globe

A>4 Millions of
features

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

NERGY | hEfiise https://edx.netl.doe.gov/dataset/globail-gasfeaturesdatabase
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Strate gy u p 1. Data acquisition 2. Data integration and transformation 3. Data analytics
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Global Oil & Gas
Infrastructure
Database

Raw Data Quality
data catalog rankings

A4

Smart Search

Steps for data:
ACCI uisition , (Au;?r:e:ted nlwz;(r? fg_gglfgh [ pre[-)s:gl‘ca::seing

machine learning)

Integration & I I v

I Dat
transformation, and Y Database — Data
creation ( CSIL¥ quality
I Quality Raw Data
Analytlcs 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 [RiS)nanonat
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Volume in Exabytes

We are here VolP

Enterprise
Data

A Volume, variety, and velocity of
RIFualF 2yt AYyS Aa
exponentially

A How will you parse the tree fro
the forest?
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AProblem:
A Need t h data in FTP silos
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Data Collection:
A FTP Recursion

Data Analysis:
A WWW Crawl

A Phrase Generation
A Relevance Analysis
A Geoprocessing

Metastore
(Hive, HBase)

Data Mining Clients
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#This s scan through a geodatabase and remove points with identical locations but keep the point with thei higher Quality Rating
print(“Loading arcpy please be patent...")
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import numpy

From arcpy iaport em «m |[ENERGY

arcpy.env.overwritefutput = True

L RS o NP el e\ Sl 01 G0tz TECHNOLOGY

fclass = []
allfc = []
selAtt = "TempFC_FEAT_SEQ”

for dataset in datasets:
fclass.append(arcpy.ListFeatureClasses(feature_dataset=dataset))
for featureclass in Tclass:
for feature in featureclass:
allfc.append{festure)
- fc in allfc:
print "Processing... ",fc
arcpy.MakeFeatureLayer_management(fc,"temp_layer™)
rows - arcpy.UpdateCursor("temp_layer", '', "', '', selAtt+" D") #use this code te sort decending
arcpy.AddField_management("temp_layer”, "Remover”, "SHORT®, "%, "", "")
aveHigh = @.@
rowPrev = long(@)
for row in
if row.
if

lata table and then transl s the selected sttributes from nen-English to english usi Transloste APT
t creote an account with google and generats an APL Key

import arcpy

import os

import unicodedata

#igenerate a google api key and place it here
googleapikey = 'Place google api key hers’

Python source scripts used to CreatdEss

=N RE- Y T

for path, dirs, files in os.walk({current file _dir):

translate, and integrate the GOGI  EREStk
geodatabase. i i it

5 script Reads the data attributes and data locstion from a C5V file and Populates a Geodatabase with the spatial files found.
includes the metadeta from the C5V and ulates the collected data i
1 reated that lists any errors that the script encounters while running

A Used to check and remove for
duplicates e

len{datasets)
"sdataset

Conduct language translation to v fr s o ] B85
English

arcpy.env.workspace = catal ; inport os

P 1 t t- I d t #os and file setup
rOJeC Spa Ia a a. current_file_dir = os.path.dirname(_ file_ )
print "Opening log.txt file...”
features = current_file_dir+"\\feature_classzes.csv”
sr = current_file dir + "\

#lser 1led
#Makse sure files are in thz same
lder

[ R Y ST e

WGS1081.prj® #This iz a projcection file that will help move all disparate data sets to a single spatial refersnce

Generate updated versions of the
geodatabase rites -

= for path, dirs, files in o walk(current_file_dir):
= for T in files:
= if f.endswith(".csv"):
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Global Oil and Gas Feature Example Feature Classes

Infrastructure Database Datasets
Geodatab K”/ Transport Ports, Railways, Pipelines
. eodatabase Facilities/ LNG, Power Plants, Processing Plants
N Ot a” d ata_ IS Installations Refineries, Stations, Storagesrminals
0 4 Production/ Oil and Gas Fields, Platforms, Wrdbs,
eq U al Extraction Underground Storage, Mines, and Well
——N Geology Sedimentary Basins
A Quality & quantity reature Datasets Production and Overall quality score
Val‘l eS | Extraction . .
A Butunderstanding @@@@@
uncertainty and gaps 01l & Gas el ™
In datais important Feature Classes S Ranking data quality by
for data driven N A source, spatial and
analytics N temporal features helps
stakeholder decision il EEDATES
making, and other DIXV] Feature [DRBBEIASE
needs Features Attributes | > 1996
i.e. records 3 |-60] 92 i.e. fields 3 ;g?i
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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
&
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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 !!E!!!
4 o‘ P ’\
o 2% %,
= 00
E ° Spatial ©
%‘ 5 % § .Temporal
3 % c .Source
1 < & Overall
s} o
z z

DiGiulio et al., in prep

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

A from the variety of potential sources
and definitions,

A visualizing uncertainty, and

A 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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Bauer & Rose, 2015

[ ] vmsstwronis 5 Parasylvails Stale Bourdaas
Er; arsellis Shale Bourdary

USGS TD

depth from surface, feet

| REEEE
B 45
[ -

[ e - ns
[ ]
[ rei- 1
[ -
R
|
| R

Estimating the depth to the
base of groundwater to

evaluate risks of groundwate
contamination

Allow for simultaneous visualization &
guantification of spatial data and uncertainty

VARIABLE
B‘ GRID
METHOD

Communicate data (via colors) and
uncertainty (via grid cell size)

/UncertaintyViz/Quant for Spatio \
Temporal Analyses Can Improve:
AResources evaluations
Almpact assessments
AUnderstanding trends in the data
A Calculating Project Feasibility

k Aldentifying Knowledge Gapsj




United States of America g

Canada |g

=k Analyticsg

Australia I("’,.
w

¢ Gaps Matter
France <
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
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Trinidad and Tobago
India
Qatar

Russian Federation
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Saudi Arabia

T

Irag
Kuwait

Kazakhstan

SEGLELBL

0s0z

Oman

(X:k4

Uzbekistan
Turkmenistan _

United Arab Emirates _
Islamic Republic of Iran _

Rose, et al., 2018
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