Data to Discovery " [N=[ERRY™

An Ounce of Prevention is Worth a Pound of Response N @ ER%S';RTLC?%Y
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As offshore oil & gas exploration and production grows, pushing
into harsher, more extreme environments where risks and
uncertainty both increase, there is a need for data, tools, and
approaches that address risks across the entire offshore system

D T S

trricane Ike Track - Wikimedia Commons (image from https://en.wikipedia.org/wiki/Hurricane_lke);

cience (CEROS) (image from http://www.space.com/30361-hurricane-katrina-photos-from-space.html);
anagement/success-stories/technology-solutions-training/deepwater-horizon.aspx); Icebreakers in Arctic — 2

a116/); Offshore platform - BBC news curtesy of James Eaton (https.//www.youtube.com/watch?v=D2dv57CpT-s)


http://en.wikipedia.org/wiki/File:Hurricane_Katrina_August_28_2005_NASA.jpg

Offshore oil & gas production is key to

meeting global & domestic demand:

120 180

e U.S. offshore oil production in the Gulf of Mexico
accounts for 16% of total U.S. crude production

S 40 L 1203
(IEO, 2017) = g
= (]
* Globally, offshore drilling accounts for <5% of ¢ E
the world’s wells (Cook & Westwood, 2014), yet £ * [ &
accounts for nearly 30% of total global oil
production (EIA, 2016) Oggggggg:ggzegggc_go
e The volume of domestic production from the RRRIERIRIVIRIIRNISIRIRRS
GOM is forecast to increase significa ntly in the mmmm Onshore Wells Drilled  mmmm Offshore Wells Driled ==Global Production
near term, as new offshore discoveries come (Cook & Westwood, 2014

online (EIA, 2018)




Issue/R&D Need

* Industry needs better data, tools & technologies to effectively evaluate the
full scope of potential drilling, operations, and subsea infrastructure risks

e Current “off the shelf” solutions fail to meet industry and regulatory needs
and take advantage of the latest computing advancements (big data,
machine learning, advanced materials etc.)

e At the same time, most R&D dollars are focused on spill response...not
prevention
e But, an ounce of prevention is worth a pound of response

Post DWH over a billion federal dollars on response R&D...

...compared to the millions invested in prevention R&D
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https://edx.netl.doe.gov/offshore

Why risk & cost

prevention matters

o the d... Web Slice Gallery Welcome to myPortal Bl EDXtools - Energy Dat... Mational Energy Techn...

Taylor Energy oil platform, destroyed in 2004
during Hurricane lvan, is still leaking in Gulf
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Metocean impacts
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Exxon Valdez - 1989

Tank Barge UMTB 283 - 1988

= 1969 - Present

Tenyo Maru - 1991 >
USS General M.C. Meigs - 1972

Even relatively small oil spills can
cause major harm, depending on
location, season, environmental
sensitivity, and type of oil. The
following spills are examples:

M/V Selendang Ayu - 2004 - AK
M/T Athos | - 2004 - NJ/PA

M/V Cosco Busan - 2007 - CA
M/V New Carissa - 1999 - OR

Oregon Standard - 1971 \
Puerto Rican - 1984 —
Eagle Otome - 2010

Apex Barges - 1990
Burmah Agate - 1979

Santa Barbara - 1969_7

Sansinena - 1976

Nord Pacifir ;98- _

Tank P—.ye DM932 - 2008
Hurricane Katrina - 2005
Westchester - 2000

Chevron Main Pass Block 41 - 1970

Hawaiian Patriot - 1977

“Taylor Well - 2004 to 2019

o ATMOSR,
© > &
%,

Largest Oil Spills
® Affecting U.S. Waters

Ashland Petroleum - 1988
Kalamazoo River - 2010\

Citgo Refinery - 2006
Alvenus - 1984
Tank Barge DBL 152 - 2005

s

Mega Borg - 1990 ——

Million Gallons Spilled

134.0 MG - Deepwater Horizon
75.0 MG

50.0 MG

10.0 MG

1.0 MG

0.5 MG

Schuylkill River Spill - 1972

Corinthos - 1975
Grand Eagle - 1985

/Nonh Cape - 1996
Argo Merchant - 1976
e

Hackensack Estuary Tank Farm,

\Wellen Oil Company - 1976
\ Cibro Savannah - 1990
Exxon Bayway - 1990
\ Texaco Oklahoma - 1971

\ Reedy River - 1996

Amazon Venture - 1986

\

Deepwater Horizon - 2010

Epic Colocotronis - 1975
/Vista Bella - 1991

Hurricane Hugo - 1989

Ixtoc 1 - 1979
Santa Augusta - 1971

Zoe Colocotroni - 1973

M/V Zannis - 1974 Peck Slip - 1978

Morris J. Berman - 1994

https./edx.netl.doe.gov/offshore


https://edx.netl.doe.gov/offshore
https://response.restoration.noaa.gov/oil-and-chemical-spills/oil-spills/largest-oil-spills-affecting-us-waters-1969.html
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-lzon et al. 2007
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Schematic representation of offshore spill risk profile
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Disasters

1
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Data Source: SINTEF Database
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NETL’s Offshore Spill Prevention R&D o

il

Phase 1-2011-2016

7 projects focused on addressing key lessons learned from DWH spill

2017

O—— — _—__O0=—=0 () DD

Wellbore Integrity — Improved Science Base for Materials
e Characterizing the Behavior of Metal-Based Systems Used for Control Devices
e Improving Science-Base for Wellbore Integrity, Foam Cements

Phase 2 -
2018-present

7 Projects

e Evaluation of Barrier Integrity under UDW Subsurface Conditions 9_@-
Rapid I?etectlon_and In Sltu'Chgracterlzatlon — Improving Safety « Improve prediction of geohazards
* Kick Detection at the Drill Bit * Prevent offshore incidents associated with
e Improving Flow Assurance, Expediting Well Control, and Reducing aging infrastructure, & infrastructure reuse
Environmental Impacts e Minimizing drilling risks to prevent
Risk Reduction - Mitigating Knowledge & Technology Gaps in Offshore catastrophic offshore incidents
Systems-

Development of new technologies
and advanced predictions to improve
decision making

e Quantifying Complex Fluid-Phase Properties at HPHT, EOS
e Offshore Risk Modeling Suite (ORM), Assessing Risks and Potential Impacts

(¢} ENERGY | BTl https./edx.netl.doe.gov/offshore 7
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e 7 countries (Saudi Arabia, Australia, +++) * Featuredin 21 news articles Impact to program Goals: Reduced
* 4+ agencies (BSEE, NOAA, USCG, BOEM * Invited Special Issue Paper (VGM) :
. Inguding 3 IgSEE WFO projects picked for av)vard (ORM Suite) * Awarded 15t place poster (BLOSOM) _uncertalr_\ty and Of.fered NEW tO(.)|S &
* National labs (PNNL, LANL, ORNL) e >200 papers & presentations (all) information targeting key E&P risks
* Non-profit/industry (Lloyd’s Register, Chevron, Shell, * 1 patented technology (Kick) associated with extreme offshore
Schlumberger, Halliburton, +++) « Informed 2 API procedures (Cement & BLOSOM)  hydrocarbons to support spill prevention
* University & NGO interest (ASU, OSU, NCAR) « 9 custom tools ™ or © (ORM Suite) * Higher risk targets, “exploratory” systems
e SPE’s Star Fellowship winner (Cement) « 2017 TCF Award (Kick) * Cementing Failures
*  World Oil Awards Finalist (Cement) « 2017 Innovative R&D Winner (Kick) * Equipment & Casing Failures

e R&D 100 Finalist 2016 (VGM tool)
e 7 original datasets released (EOS) ‘ . AWARD

r-w.m»m B prenticin it

= * Silver 2017 FEB Award (EOS)

Transport in the Gulf of Merica

e
oot M a9, 30 i S, o

> SUBSURFACE
s BLOSOM | 22 AB 00K
f‘?\: ’_"‘1‘-*-13;

Offshore Risk Modeling suite

includes data & tools

E EEX SWI M configurable for multiple uses & § g

A Product of NETL SSIAA decision support questions NETUs Offshore 5 %

o=

A Phase 1 R&D 3

- Cumulative; / .
GEQ |£ 1 [ Po, N VARIABLE received 12 awards ceservon B
E2y/] impact £/ E GRID Mt L, i
'CUBE wi‘a;ers f-"'f\f['.,m.'m__“f{'- METHOD .
TREND ANALYSIS finalist
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Addressing
Infrastructure risks:
The footprint of

existing oil & gas
operations is

growing...and aging

Taylor Energy oil platform, destroyed in 2004
during Hurricane Ivan, is still leaking in Gulf
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Offshore drilling regulator
warns of bolt failures in Gulf
of Mexico
f in & =)
Aging infrastructure impacts -
: Ntl Gas Pipeline
i Leaks, 2010-2016
unknown
; i ! * 1901-1925 Ntl gas pipelines
N bl Lt eSS 1926 - 1950 @ Leak locations
g e (P2 1951 - 1975
ﬂ’&b é} X "\\ 1976 - 2000
(R TY L S 1+ 0205 || Wells: ~120,065 GOM wells
[ e laRe, 2o Wy \_ | Platforms: ~7,171 platforms
SR s < \ URT .
SPNSIEPN Sowat \i \| Pipelines: 5336 miles
[3 .. .' » “-- .‘. \F\.t‘ ~
y ;:\A{:-’ - || Tankers: ~23,678 tankers

dock at U.S. ports per year

eex. netl.doe.gov/offshore
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Offshore Research FWP, phase 2 =NATIONAL

ENERGY

Focusing on technologies & advanced analytics for offshore cost & risk prevention TLIESANASRY

Addressing and

mitigating subsurface
uncertainty &
geohazards prospective

* Another key need highlighted
at Houston, 2018 workshop Y- i
by industry, was need for = -
better prediction of
subsurface properties

* For geohaza rd prediction As oil and gas drilling moves into new & extreme offshore

. . . .re . i environments, there is a need for better, data driven tools and
* Forim pr.OVI ng identification and methods to forecast geohazards and optimize exploration
explorat|on of new reserves

{C)ENERGY | NTiftee httos./edx.netl.doe.gov/offshore 10
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NETL’s Offshore Spill Prevention R&D o

il

Phase 1-2011-2016
arned from DWH spill

* Improving geo-hazard prediction

2017 * Managing and minimizing risks during

-e @ Phase 2 - ZQlS-present drilling and production operations
7 Pro’eCts * Minimizing aging infrastructure risks &

ials preventing catastrophic incidents
Jsed for Control Devices
:ecn;(;g'ic;ons Cement Static Gel Strength R&D
' . Intelligent Risk Modeling for Offshore - Assessing Current and
. Future Infrastructure Hazards
ing Safety

. Improving Safety through Rapid Kick Detection and In Situ
Characterization

. Geohazards and subsurface uncertainty modeling

. Infrastructure and Metocean Technology

. Relative Permeability for Offshore EOR

e  Thermodynamic Modeling of Mineral Scale at HTHP

. CSEM for Geohazard Identification

nd Reducing Environmental Impacts

3aps in Offshore Systems-
EOS
and the Potential for Impacts

,V_”'?\ U.S. DEPARTMENT OF
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* Infrastructure and Metocean Technology, Pl - Bauer

e Develop technologies to identify current hazardous metocean & bathymetric conditions, as well as
forecast changes and potential vulnerabilities that may impact existing or future offshore
infrastructure

 Relative Permeability for Offshore EOR, Pl - Crandall

 Develop tool to provide improved relative permeability (kr) curves of water/oil and gas/oil in
offshore formations to industry for planning of offshore EOR projects. kr descriptions in reservoir
simulations dictate fluid migration, yet are poorly constrained and have high levels of uncertainty. This
work will use existing methods and equipment at NETL to refine these parameters

e Thermodynamic Modeling of Mineral Scale at HTHP, Pl - Gamwo

e Extend scale predictions to HTHP conditions to aid scale mitigation planning and use OLI Scale
models (ScaleChem) to assist two scaling projects in progress

e CSEM for Geohazard Identification, Pls — Woodside & Schultz

e Develop and test a significantly improved CSEM imaging technology to identify off shore sub-surface
& subsalt hazards and features of interest. The improvements will primarily be realized through the
development of a novel high impulse power supply based on magnetohydrodynamics (MHD)

ENERGY | Nl https./edx.netl.doe.gov/offshore 12



e Cement Static Gel Strength R&D, Pl - Rosenbaum Poster
e  Minimize the drilling risks to prevent catastrophic offshore incidents and loss of life tonight!

* Intelligent Risk Modeling for Offshore - Assessing Current and Future Infrastructure
Hazards, Pl - Bauer

e Perform data-driven analytics to evaluate hazards to offshore infrastructure. Analytical re Poster
quantify lifespan for existing infrastructure, help predict performance and integrity hazard SEReLli:uls
insights to reduce maintenance costs and support growth

 Improving Safety through Rapid Kick Detection and /n Situ Characterization, PI -
Carney

e Improve understanding of how a kick will affect geophysical signals through targeted experid =}
provide test data for the kick algorithm and enhance its utility for forecasting kick volumes SRT =G
compositions

e Geohazards & Subsurface Uncertainty Modeling, Pl - Rose

e Adapt the Phase 1 STA model into an NLP, ML big data tool that can improve identification of
subsurface hazards and serve as a data computing method for improving prediction of subsurface
properties to inform resource, environmental, and operational needs

ENERGY | https./edx.netl.doe.gov/offshore 13
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NETL's Offshore Risk Model (ORM) —
Data to Models

Use data to drive models & analyses
to evaluate potential risks, identify

knowledge/technology gaps, and
reduce uncertainty for the entire
offshore system

Water Column

R
Wellbore &
Overburden
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Phase 1 & 2 Technologies Driving Insights
Data driven analytics

o= [INATIONAL
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TL TECHNOLOGY .. . . . i i
LABORATORY Forecasting site specific behaviors using system-wide analytics
 Reducing offshore risks and uncertainty
 Leveraging big data & data computing of the whole to inform local
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NETL's Offshore Risk Model (ORM) —

Data to Models

Use data to drive models & analyses
to evaluate potential risks, identify
knowledge/technology gaps, and
reduce uncertainty for the entire
offshore system

Water Column

Wellbore &
Overburden

Y T e ——
1.7 Cumulative VARIABLE
P 1 e} E GRID
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Climatological Isolation and
Attraction Model - CIAM

Using concepts from the mathematical theory
of dynamical systems we find:

 most attracting pathways

e |lack of attraction i.e. isolation

Duran, R.; Beron-Vera, F. J.; Olascoaga, M. J. Extracting quasi-Steady Lagrangian
transport patterns from the ocean circulation: An application to the Gulf of
Mexico. Scientific Reports 2018, 8, 10. DOI:10.1038/s41598-018-23121-y.

Gough, M. K.; Beron-Vera, F. J.; Olascoaga, M. J.; Sheinbaum, J.; Jouanno, J.; Duran,
R. Persistent Lagrangian Transport Patterns in the Northwestern Gulf of
Mexico. Journal of Physical Oceanography 2019, 49, 353—-367.
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https://www.nature.com/articles/s41598-018-23121-y
https://doi.org/10.1175/JPO-D-17-0207.1

29°N |

Predicts likely 30
pathways

Used in domestic &

international (Spain,

Mexico, Brazil) studies to:

e Predict changesin
oceanographic
currents

* Forecast fate and
transport of refugee
vessels

e Assess locations of
sediment, chlorophyll,
oil, and other
particulates

28°N —

30"

27°N -

Oil from DwH in May 2010
stretches along May
climatological attracting 30" -
structures.

30"

29°N -
30' -

28°N -

Drifters released in July
2012, spread along July
climatological attracting 27°N

structures. 30"

30"

White=isolated

91°W  90°W  89°W  88°W 87°W  86°W  85°W

'ENERGY | NT&ee https./edx.netl.doe.gov/offshore 19
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Simulating Oil Spill Fate & Transport ﬁmom
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BLOSOM - BLOwout & Spill Occurrence Model

Tanker Spill

Surfaced Slicks 2 Surfaced Slicks

Gas/Hydrates Crude Oil Crude properties

Crude, gas, Module Module . .
& hydrate .
properties
o0
N s BLOSOM
TL
Jet/Plume Control-volumes o ErSlan ParquS/SIicks Transport L Semetk
Module Module ﬁ' ‘—’ Module
— ‘ — Changes to crude
Weathering _
ﬂ T https://edx.netl.doe.gov/blosom/ ‘
Subsurfag 'JE‘}EH
Crude/Ambient _ T ::.Q _—
. Dispersant . . Cumulative,
Hydrodynamic Module Spreggllng., evaporatpn, s t\g\;:al.s Eg@x
Ambient conditions Handler Ambient conditions emulsification, dispersion, s

etc.

A
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https://edx.netl.doe.gov/blosom/
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Romeo, L, et al., Cumulative spatial impact

Summarizing Potential Risks & |mpacts layers: A novel multivariate spatio-temporal N_ E‘@g&%ﬂm
. . analytical summarization tool. TL TECHNOLOGY
Cumulative Spatial Impact Layers (CSIL) Transactions in GIS. 2019; 00: 1-29 LABORATORY

Cumulative

- Produce CSILs

o o

* Measure data density N : 'S AR Nl Peighie o fw
O S o
e Combine multivariate data ? Identify Key
Sectors
* Work with multiple data formats 2 e | EDX
° Economic

Handles big datasets quickly

7} ENERGY | Mo https. /ea’x netl.doe.gov/offshore 23
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https://doi.org/10.1111/tgis.12558
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Rank (Scenarios) Weight Sliders for Scenario Rank Weights
1 16.7% < > 100

1 31.0% Y 100

1 11.9% i 1 » 100

1 40.5% Y . 100
100.0%

Users can apply ranks (and thru ranks apply weights) to
evaluate different scenarios based off potential impacts,
spill characteristics, and response preparedness

f Absolutel.

4 WCDS Alaminos DeSoto EastBreaksS EugenelslandS -

g Scenario Evaluation Criteria GOM Sept Sept ept ept Rank (Scenarios) Weight Sliders for Scenario Rank Weights

g Cumulative Impact Score  0.17 0.00 002 0.01 0.02 1 16.7% « > 100 - Ag"**m**
;!f Max. Spill Volume 0.31 0.20 0.08 0.38 0.15 1 31.0% L] » 100 I /
Max. Spill Duration  0.12 0.12 0.04 0.09 0.09 1 11.9% 1 * 100 Comutativol L vamiasie | = NN
| _ %ﬂ il | SR | =) 8
| Total Spatial Extent 0.40 0.06 0.08 0.04 0.07 1 40.5% 4 + 100 '-3“’5

1 TOTAL SCORE 1.00 0.38 0.23 0.52 0.33 100.0% ‘

) W NPILL
bncnamn . mE e . T A T & SWIM “# Blosom AN CUBE

chiERey | I “ https./edx.netl.doe.gov/offshore




Each scenario is evaluated against a “baseline”
scenario to allow for scenarios to be compared

No Individual Ranks & Individual Ranks & Weights
Weights to metrics Applied to metrics

Modeled vs. . Modeled vs. . S %
, Final Rank , Final Rank
Baseline Baseline Response Preparedness
. Value . Value
. Scenario Scenario
# BLOSOM / ii | Baseline Scenario -- 1 -- 1 Y nmsom E

Modeled Scenarios “f»(?y
Green Canyon 11% 5 30% 4 7

DeSoto Canyon 40% 3 76%

oo s i oo s
I I R

Qil released
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Goals & Objectives:
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Perform data-driven analytics to evaluate hazards to offshore infrastructure
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offshore oil and gas infrastructure

Taylor Energy oil platform, destroye

during Hurricane Ivan, is still leaking

Oftshore drilling regulator
warns of bolt failures in Gulf

Spud Year
unknown
* 1901-1925
* 1926-1950
L 1951 - 1975
'\‘ 1976 - 2000
f = 2001- 2015
I:fi \1
i
. \4
e )

8. DEPARTMENT OF

N=|panoya
e [ENERGY

'ENERGY | [TL|ismiss
& LABORATORY

of Mexico

Posted by Jam

C Date: May 03, 2016

f in & &

b Aging infrastructure impacts [

Metocean impacts

Analytical results will quantify
lifespan for existing
infrastructure, help predict

performance and integrity
hazards, and offer insights to
reduce maintenance costs and
support growth

https.;/edx.netl.doe.gov/offshore 27
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Intelligent Risk Modeling for Offshore :
Key Findings & On-going Work 3
.
Key analytical findings (thus far): ni ht e
. <
e |mproved understanding of operationglz C\:\OT\ M./o rm type, : VAR
. e 1 : . aS se . L
offering critical informatiics O\\ L 23 gected lifespan and : ‘ ‘ . ‘
platfor = Ster \ the Caisson Fixed WeIIF;:’oF:cfctor Other*
V ’(_\'\\5 pO BPE Severe metocean operating conditions are removed on mmmm
JRICars sooner than platforms in less severe areas count i R
Avg. Age at Removal 17.90 22,19 23.28 6.04
Enhancements for Standard Deviation 11.95 1396 14.45 2.64
Min 0.003 0.071 0.997 2.556
OffShore Max 58.76 71.64 5798 1047
Infrastructure *QOther includes mobile offshore production units, mini tension
leg, semi-submersible, spar, and subsea template platforms
Analysis Platform
e Build off testing to Expansion of initial analytics to
enhance beta- k include offshore rigs

application, which Use your E0x credenl
will be released via — baseclnRiskldex
EDX for the Y
DOE/NETL
community at end of
EY20

DEPARTMENT OF N— ENAETEIOG’#AL

Preliminary Rig Integrity Analysis
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Used to improve prediction of subsurface properties

Tested and validated science-based approach

Able to constrain properties for areas with little or no data

Big data driven, methodical workflow to reduce uncertainty

Rapid approach that integrates geologic and geostatistical Rose, Bauer, Mark-Moser, in press, Subsurface Trend Analysis, a Multi-
thod Variate Geospatial Approach for Evaluation of Geologic Properties and

NIUEE eI Uncertainty Reduction, Interpretation.

 Improved geohazard & resource predictions
* Phase 2: Adapted into a ML and NLP fed “smart” tool

e https./edx.netl.doe.gov/offshore
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Initial Pressure Application & Validation

Gulf-Wide IDW: 2012 Sands Dataset Co-Kriging: 2012 Sands Dataset

Legend

Sand Pressure Gradient
(psi per foot)

B 0.127-0.467
I 0.467-0.468
B 0.468-0.476
0.476-0.501
0.501-0.529

LOUISIANA
LOUISIANA

0.529-0.573
| 0.573-0.641

B 06411217
I:] STA Domains

e Uninformed with geologic contextual information e Utilizes domain boundaries to inform interp0|ati0n
« Interpolation weights all points to each other acrossthe * STA process allows for integration of less “structured”
entire basin contextual data with quantitative analysis

Result is smoother, more interpretable, realistic— we can
derive interpretations

e Poorer correlation between interpolation and data point
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Initial Pressure Application & Validation N=

N
[\

o
N

P
_
Fl |

LOUISIANA

~ FLORIDA

Validation Error

0 50 100 150 L .
[ = m m— Sands validation points

Kilometers Best model fit
A Co-Kriging with STA influence

w7 Kriging - no STAinfluence
El STA Domains Kriging

Co-Kriging

TL

Co-Kriging: 2012 Sands Dataset

LOUISIANA
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Legend

Sand Pressure Gradient
(psi per foot)

B 0.127-0.467
I 0.467-0.468
I 04680476
0.476-0.501
0.501-0.529
0.529-0.573
B 05730641
B 06411217

I:I STA Domains

N0 50 100 150

Kilometers

STA offers and improved prediction for 62% of the
validation data over traditional methods

The STA co-kriged predicted pressures (green triangles) were a statistically better fit
than the basic kriged predictions (orange triangles)

U.S. DEPART NATIONAL
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Data Source: BOEM Sands Dataset 2015 33
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=

= >0

& STA - Subsurface Trend Analysis [=E)

File Help

Mode: [Manual |

L] L] s

Data Source: E:/Python_workspace/STA/BOEM _sands_2012.shp

° L Atiributes:
a S S I S a re S e a rC e r W I ASSESSED BGI BHCOMP BH_API BH_BotArea BH_BotBloc BH_BotEWco BH_BotEWft *

¥ 0.0 10 608054000500 AC 240 w 5580.0

L]
In ¥ 00 80 608054000200 AC 250 E 6476.0
C a r ry I g O u e ¥ 368.9 10 608054000301 AC 65.0 w 7280.0

.| STA - Subsurface Trend Analysis

¥ 0.0 10 608054001801 AC 857.0 w 1888.0
O File Help
¥ 00 00 608054001801  AC 8570 w 1883.0
. Mode: | Manual
e — ¥ 00 00 608054001801  AC 8570 w 1888.0
Data | Literature | Domains | Charts | TemaryPlots | Advanced Analyses | Search QueryTool | Publish
. . . . . ¥ 00 00 608054001801  AC 8570 w 1888.0
Literature (Double-click to open): s reso - be oreviened. Trv doub , apen the resource b
. . o T Y 0.0 10 608054002700  AC 859.0 w 4638.0
Name Categories
v 00 10 608054003000  AC 8150 E 6774.0

2019 Bergen et .. neogene

Y 0.0 00 608054003000 AC 815.0 E 67740
Petroleumlegs... logging, structure

Y 0.0 00 608054003000 AC 815.0 E 67740
2012 Gibson AA... litholagy, structure

v 00 00 608054002000 AC 8150 E 67740 -

e Cataloging and keyword '
tagging literature et s
re S O u rC e S * Acts as an atlas for finding information on a well log.|

e Simplifying or ‘ i
automating several

Type: Poster Presentation

p ro C e S S e S Author: Petroleum Geoscience and Subsurface Geolagy -

Publisher: Railsback

Detect Autocorrelations.

m

Title: Characteristics of wireline well logs used in the petroleum industry i

Add.. || Edit. || Remove Edit Citation,

m

Domain 10

Demain 11 Lithology Structure

https./edx.netl.doe.gov/offshore 34
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Property - All Data Analysis - All Data
4, )

Machine Learning (ML) is being incorporated into STA to: Secondary

Alteration

e Smart Search: Find research papers relevant to the subsurface Dita
q . . Acquisition
e Data Extraction: Use combination of NLP and ML methods for 5
data discovery and extraction for STA needs
. ) . . Geologic Property - Domain Data  pnalysis - Domain Data
* Image Recognition: detect likely domain diagrams and extract System
. . . . Knowledge £ e
* Smart domain creation: supervised learning to produce Lithology Structre G- L
research domains in a logical and defensible manner Di \
a) Resources for STA b) Domain Postulation C) Domain Validation d) Advanced Analyses

e Train Smart Search . ExFracégg;ixt :romddo/cur:;]ent . T o drive
to use key search using ext reader/ other organization through modular . N
terms to produce tool template Structure attributes
[ . i [ i using relational
relevant literature Automatically identify tables and ¥ Identify standardized data g . .
& data sources graphs database/ hierarchical

categories with appropriate units,

- . L. structure ie JSON
and fill in name/ units/ description

* Natural language processing
(NLP) for unstructured data

https./edx.netl.doe.gov/offshore 35



Key Lessons
Learned

Overarching, Phase 1 &
Phase 2 Offshore Spill

Prevention R&D take aways:

Ultimately, prevention
is often not headline
catching, but it
significantly reduces
costs & reduces risks

Ay, U.S. DEPARTMENT OF == |NATIONAL
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'8/ ENERGY | [TTfibex
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i
b
i

Phase 1 foam cement work improved state of knowledge
for in situ conditions and demonstrated that industry
methods prior to the study were not representative of real
world cementing conditions

Big datasets, models and tools can improve and inform
decision making for a range of operational challenges

Science-based models and tools can be leveraged for
adaptation into big data, ML-driven insights to reduce risks

First measurements of hydrocarbon density and viscosity
at HPHT have improved predictions of reserves and
geohazards

Characterization of offshore materials (cements and
metals) has improved knowledge of when and where these
are appropriate for use

TL

NATIONAL
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Some Syne rgies to Date 2018-present NETL working 2014-2019 NETL & PNNL
to adapt the ORM for NEPA collaborated to adapt the
& reserves platform for ORM into a worst case Y
BOEM (Dept. of Interior) discharge platform for

BSEE (Dept. of Interior)

Offshore NETL’s ORM suite was
Risk initiated in 2011 to support
= DOE FE32 goals for
MOde".“g offshore spill prevention
2 Suite

OFFSHORE RISK MODELING TOOLBOX:

BIG DATA LEVERAGED IN ROBUSTTOOLS FOR N WCuse A= /Bl

OIL & GAS EXPLORATION AND PRODUCTION
we . CIAM

UHCERTAINTY METOCEAN
CHARACTERIZATION MODEL

2016-present NETL is leveraging data, & tools
9 advanced data computing innovations use from ORM for development Of a DOE FE22
Offshore Carbon Storage Methodology

NETL'S
PUBLICLY AVAILABLE
TOOLSET HELPS OFFSHORE
OIL AND GAS
g HONARKERS to help oil and gas decision makers
tackle important issues such as:

* geohazard prediction *» well design and maintenance
* regulatory permitting * improved metocean predictions

Lot Gy
Well log data, e~ P10, P50, and
@ sp atial = 1 P90 values
y 1

\ \ information,
and literature
Conference Technical Journal News Copyright Awards

Presentations Reports Publications Articles

%, U.8. DEPARTMENT OF NATIONAL

6> N=
{G)ENERGY | Nolilee






Data to Discovery

N= NATIONAL

" |FEchNoLoGY
An Ounce of Prevention is Worth a Pound of T LABORATORY
Response, Keeping the “Cat” in the “Bag”

Kelly Rose

Kelly.rose@netl.doe.gov
Offshore Technical Portfolio Lead

Portfolio products & info:
https://edx.netl.doe.gov/offshore

%,

Cfg@

Offshore Pl’s:
Jennifer Bauer, Janine Carney,
Dustin Crandall,
Isaac Gamwo, Kelly Rose,
Eilis Rosenbaum, Rigel Woodside

Outputs &
Results

\WNoOW/e

_®
‘ o | % €chnology GeY
Solutions for Today | Options for Tomorrow


mailto:Kelly.rose@netl.doe.gov
https://edx.netl.doe.gov/offshore
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Appendix

* These slides will not be discussed during the presentation, but are
mandatory.
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Lessons Learned
* Research gaps/challenges.

* Unanticipated research ditficulties.

* Technical disappointments.

* Changes that should be made next time.
* Multiple slides can be used if needed.

See other slides included
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Project Summary

* Key Findings.
e Next Steps.

See other slides included

41



Benefit to the Program

Specific Goals & Benefits
1. Develop and validate technologies to ensure for 99 percent storage permanence.

2. Develop technologies to improve reservoir storage efficiency while ensuring containment
effectiveness.

3. Support industry’s ability to predict CO2 storage capacity in geologic formations to within +30
percent.

4. Develop Best Practice Manuals (BPMs) for monitoring, verification, accounting (MVA), and
assessment; site screening, selection, and 1initial characterization; public outreach; well management
activities; and risk analysis and simulation.

See other slides included

NATIONAL

TECHNOLOGY
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Svynergy Opportunities TLJGsaiss

 Numerous opportunities for all of these
Offshore FWP products and projects for
utilization, collaboration, or coordination by
industry, regulators, scientists and
researchers.

e See accomplishment summary slide, but most
of these projects have already garnered
significant external interest and/or
partnerships.

* Provides the DOE with tools and data for use
in public policy and business investment
decisions

e Extramural interest for the four Phase 2
projects which started in FY18 are
summarized to the right:

e The remaining phase 2 projects and phase 1
work offer additional opportunities.
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Wellbore Integrity — Improved Science Base for Materials

These projects e Characterizing the Behavior of Metal-Based Systems Used for Control
focused on Devices. in Exjcreme Environments |
mitigating key _ . Improw.ng Suence'—Base for.WeIIbore Integrity, Foam Cemenfcs.
e Evaluation of Barrier Integrity under UDW Subsurface Conditions
knowledge &
technology gaps : : ) . )
in support of 5 = Rapid Detection and In Situ Characterization — Improving Safety
spill prevention c;c ?33 . K!ck Detect.lon at the Drill Bit - Adaptation of E.X|.st|ng Technology to Reduce
Risks Associated with Deep and Ultra-Deep Drilling
* Improving Flow Assurance, Expediting Well Control, and Reducing
Results & c Environmental Impacts Resulting from Blow-Outs in HPLT Environments
products of §§
these projects 52 Risk Reduction - Mitigating Knowledge & Technology Gaps in
all built a more °? | Offshore Systems-
integrated : Reservoir » Quantifying Complex Fluid-Phase Properties at High Pressure/High
knowledge & Temperature (HPHT), EOS
technology base » Offshore Risk Modeling Suite (ORM), Assessing Risks and the Potential for
Environmental Impacts for Deepwater and Ultra-Deepwater GOM Resources

ENERGY
TECHNOLOGY
LABORATORY

' ENERGY | o *EPAct Funding through 2015 https./edx.netl.doe.gov/offshore
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Project Objectives - improved Science-Base for Wellbore Integrity, Foam Cements energy
What was the Problem? PARTNERS - -
« Foamed cement is increasingly used in deepwater wells > Industry: Benge Consulting, Inc., Halliburton,
« There is no information regarding the stability of foamed cement systems at in situ Schlumberger, Baker Hughes, BP, Shell, Chevron,
conditions API Foamed Cement Working Group
* No good base of knowledge if foam cement in situ is effective as a barrier to flow » Universities: Oklahoma State University
Outcomes

» Developed predictive relationship between mesostructure and physical properties N
using CT imaging & geophyical methods '
» Used laboratory and field-generated samples for direct observation to predict in situ

mesostructures (’ i e :
» Filled in performance gaps for foam cement & improved knowledge of appropriate e
use in the field sl ATON
Water Monagement I | | 'h'l’l L U
Deepwater Umbilicals, = W _PUS I
mselsn_rHFlnMI_n?z‘l.i - 2 s P

T I{,E'hl i .

Mature Fields and Well
Revitalization
Well Integrity

Decommmissioning and
Abandonment

SPE Technical Directors Outlook
Upfront Reservoir Monitoring
New Competency Management Tool

DEPARTMENT OF ‘ ATIONAL
E

ENERGY Ty https://edx.netl.doe.gov/offshore
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G 0d IS & ObJECtl\IES: [ Conceptual Model - Sensing Kick Conditions

* Improving Safety through Rapid Detection and In
Situ Identification of kicks

e QOur technology seeks to offer operators:
* Low cost
* Rapid/ “Real Time”
* Detection of kicks when & where they occur

Annulus

Advantage of this Approach:

* Provides new information in real time using existing tools.
Saves $SS, time, impacts

Outcomes:

= dLla\uté}w\;e c.iwﬁerence in annu\arin‘t{;rfe‘re.nc-e” ¥_ -
* Patented technology, USPO #10253620, Rose, Tost, e — — I n
and Aminzadeh are the inventors. Kick Detection at the Bit, [FEEERSESSREGES" s 0 ¢ . | |

Low-Cost Monitoring and Early Detection Approach. “———
* Numerical proof of concept:
* Tost, B.; Rose, K.; Aminzadeh, F.; Ante, M. A.; Huerta,

N. Kick Detection at the Bit: Early Detection via Low Cost Monitoring; NETL-

TRS-2-2016; EPAct Technical Report Series; U.S. Department of Energy,
National Energy Technology Laboratory: Albany, OR, 2016; p. 48.

* 5 outside news articles spotlight our approach:

e Hart's E&P article, March 2015

* Journal of Petroleum Technology, August 2015 g < 2P
* Winner of technology Pitch Competition in 2016 1T S https://edx.netl.doe.gov/offshore
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- = ORM Key Accomplishments /ﬁ%\ t‘@,f,';‘” : { St
Key Aspects of Offshore Risk Assessment Model . W o B, '
O 20+ PUbI|Cat|onS UBHLRI—\K} ; "{ fin : —
* 9 Big data, science/physics-based models & tools for « 25+ Conference Presentations | // ‘%ﬁ“f’& ! IF___a ey
predictive analytics and spill prevention * 9Tools (2 copyrights; 7 = _ %““x
* Enable assessment of spatial & temporal trends trademarked) s T— | i =
. . ° - . I T L - [LLT
 Data in one place to support risk assessment Used by international i ot
* Custom big data tools and models stakeholders i < Shmany Iy
. & _ _ « 8 External New Articles B 0 S
* Can integrate with .CommerCIaI tools ?nd data * R&D100 finalist A= Reducing subsurface uncertainty, drilling risk
» Adaptable for multiple uses & scenarios e 4 Extramural Spin-Off Projects
* Use to identify risks and knowledge/technology gaps ——f

3 Cumulatlma
™ SWIM ™
lmpact, ,
LaVers e M Sty [ s

*“» BLOSOM

Configurable for
SUBSURFACE multiple uses &
U= scenarios to answer

*’» BLOSOM

%
02
W

a range of decision
= AN I .
E DA QW|M & :é)a}%h \{ support questions
A Product of NETL | s=*=s=_1 R AN YL S0
T o
52 B
— 7 Cumulative %\ — [\ g = i
L\ . % Spatial ¥ b, 100 T imihen Rospones ﬂI.:f:T‘nglJ o oZS .
S~ 1D ‘«TM‘ e ‘ GRID . I
¥ _UDL %:ﬁ;’;&t g 1 > METHOD )
SUBSL “.1-.\( .I. ) . . ] ‘“
FHERDANIISE finalist L Worst case discharge and infrastructure planning, spill prevention analytics - Reservoir §

@) ENERGY | [YEifiG https./edx.netl.doe. gov/oﬁfsh -
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Developing a data-c en C ore R 2011-2016 = |ENERGY
N Pl: Kelly Rose ECHNOLO

DAE 0 s 0 0 Oreve 0
) . c CQ'OQS j?@'f A B VARIABLE LOUTE VAN A J.‘-“f"-”' I«
NETL's Offshore Risk Model is a g %, s g omw W oY o n el
: $ 3 ¥ wETHOD Ay PSS S
suite of tools, models and data $ Outputs& % w5 ( ey B
c Results o TREND ANALYSIS ;'\'- ..:,- ; -
SyStemsl from - = h?:,';:‘"r' Hac 222N BOEM 2011 Sands
, developed to identify ' , FHE e
knowledge & technology gaps | =h
T =5 1T [ 0633 -0658
' ' i gten R
for spill prevention S— i i — g
Scenario 3 HREE O+ e Ve
Scenario 4 C B ' g i ey
Scenario n I — L e ﬁﬁ%@
°<sf BLOSOM | 2 SUBSURFACE Outcome: A configurable JEREAE O : : .
W — Reducing subsurface uncertainty, drilling risk

suite of 9 data & analytical

components for multiple uses :
Tools to Predict, Prepare, Prevent:

=\ & scenarios to answer a range
| =3 T ) AN . . .
A Product of NETL SWLM of decision support questions e NETLs ORM combines GIS and Marine Spatial

Planning techniques for oil spill prevention

. A
‘ Cumulative ‘l'\ 5 o o sge
.y - ‘ VARIABLE  Designed with flexibility to adapt to a range of
Sl Impact < .
Layers M i stakeholder needs and questions

https://edx.netl.doe.gov/offshore 48
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U ore proc <£r erec pasSed recoef 0 0 0 Je € e aINg
e 7 countries (Saudi Arabia, Australia, +++) * Featuredin 21 news articles
* 4+ agencies (BSEE, NOAA, USCG, BOEM) * Invited Special Issue Paper (VGM)

* Including 3 BSEE WFO projects picked for award (ORM Suite) e Awarded 15t place poster (BLOSOM)
* National labs (PNNL, LANL, ORNL) e >200 papers & presentations (all)
* Non-profit/industry (Lloyd’s Register, Chevron, Shell, e 2 patent applications (Kick & VGM)

Schlumberger, Halliburton, +++) * Informed 2 API procedures (Cement & BLOSOM)

e University & NGO interest (ASU, OSU, NCAR) * 9 custom tools (ORM Suite) RE H
e SPE’s Star Fellowship winner (Cement) e 2017 TCF Award (Kick) AR PrEr

e World Oil Awards Finalist (Cement)
e R&D 100 Finalist 2016 (VGM tool)

* 2017 Innovative R&D Winner (Kick) 2 ORM tools, VGM and STA used to assess subsurface -
Silver 2017 FEB Award (EOS) pressure variability and uncertainty for the GOM o,

* 7 orlglnall.(?atasets released (EOS) BES- T Impact to Program Goals: Reduced uncertainty and offered
- : new information targeting key E&P risks associated with
- extreme offshore hydrocarbons to support spill prevention
s BLOSOM E%%QI'SKSFOASE( Offshore Risk Modeling  Higher risk targets, “exploratory” systems
== suite includes data & tools . ] * Cementing Failures
that are configurable for E:ECTI;CNDN- - 3 * Equipment & Casing Failures

multiple uses & scenarios to
= W\ o
=N SW M answer a range of decision

A Product of NETL support questions mmmmmmmm
- Cumulative __.-f’f%\

“; Spatial

\ Impact /Y
- 4 =
Laye[‘s SUBSURFACE

TREND ANALYSIS

NETL’s Offshore R&D

o Wi tsteningt pesier pres
Transport in (e Gulf of Me

for research &
technologies focused on
offshore spill prevention

Overburden
& Wellbore

Reservoir 3.‘5

)
VARIABLE [\
E GRID
METHOD
— — - - finalist
Eﬂﬁ\E‘I’IONAL

https./edx.netl.doe.gov/offshore
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e NETLs Well-bore Integrity Team were announced as a finalist for the 2017 World Oil Awards in the Best Health, + B X
e . 0 @ :

Safety, Environment/ Sustainable Development — Offshore Award category. August 2017.
e Instantly ‘See’ Drilling Kicks With MWD/LWD Data. Hart's E&P, July 2017.

e Tech Talk — Real-time ‘kick” monitoring can help prevent blowouts. The Tribue, June 2017.

Inthe N ews

* NETLs Kick Technology named 2017 Shale Gas Innovation Contest’s Innovation R&D Winner. May 201 ?uf,?ﬁfﬂh[}?ﬂéﬁ{

e NETL Takes New Kick-Detection Idea to Contest. The State Journal, April 2017.

* Research examines differences between foamed cement slurries in laboratory, field. Offshore Magazi

Home / e Ficus

MATIONAL ENERGY TECHROLUOGY LABORATCET E!'\x

Research from NETL's Offshore Research Portfolio in the spotlight.

e MATRIC using Big Data computing to assist DOE in solving real world challenges. MATRIC, August 2016.
e Research Advances Foamed Cement Applications. Offshore, April 2016.

e Kick detection system provides early warnings for safer drilling. Phys.org, August 2015.
e New Kick Detection System Provides Early Warnings for Safer Drilling. Research News, August 2015. 2018
e Early kick detection: Testing New Concepts. Journal of Petroleum Technology, August 2015. i
(o * Medical Imaging Equipment Provides an Inside Look at Oil and Gas Well Cements. Research News, July 2015. L—'::;_ _l__""‘"mx
g e Combatting Offshore Drilling and Production Risks. Research News, June 2015. - ’1';:‘-
f}l e GAIA and the NETL Supercomputer Create Cutting-Edge Modeling Facility. Research News, June 2015.
S«  OTC 2015: NETL highlights blowout, spill model. Offshore, May 2015.
g e Nexus of Knowledge. Hart's E&P, May 2015. All prOdUCtS are
N § Location, Location, Location: An Oil Spill Comparison. Research News, April 2015 available via
e “Technology” section, Moving forward: Macondo five years later. Hart's E&P, March 2015. Offshore EDX site
e BLOSOM: 'what if' technology rapidly simulates offshore oil spills. Offshore Technology Magazine, March 2015.
e Finding Answers to ‘What If'? Hart’s E&P, February 2015.
e Offshore Industry Gets a Fresh Look at Foamed Cement. Journal of Petroleum Technology, January 2015. " Sk gith
e Qil Tests at Extreme Conditions Yields New Data for Reservoir Modeling. Journal of Petroleum Technology, November 2014. / ﬂﬂ I! NETL's Early Kick Detection

U.S. DEPARTMENT OF

ENERGY https./edx.netl.doe.gov/offshore 5o


http://www.worldoil.com/events/wo-awards/2017-finalists
http://www.epmag.com/instantly-see-drilling-kicks-mwdlwd-data-1639696/
http://www.greeleytribune.com/news/energy-pipeline/tech-talk-real-time-kick-monitoring-can-help-prevent-blowouts/
http://www.sgicc.org/2017-shale-gas-innovation-contest.html
https://www.theet.com/statejournal/netl-takes-new-kick-detection-idea-to-contest/article_2df8fb1c-3e0b-51f7-a620-2e8ef155b938.html
http://www.offshore-mag.com/articles/print/volume-77/issue-4/drilling-and-completion/research-examines-differences-between-foamed-cement-slurries-in-laboratory-field.html
http://www.matricinnovates.com/matric-matters-blog/matric-using-big-data-computing-to-assist-doe-in-solving-real-world-challenges/
http://www.offshore-mag.com/articles/print/volume-76/issue-4/drilling-and-completion/research-advances-foamed-cement-applications.html
https://phys.org/news/2015-08-early-safer-drilling.html
http://www.netl.doe.gov/File%20Library/Library/Newsroom/researchnews/Research_News_August2015.pdf#page=5
http://www.spe.org/jpt/article/9507-early-kick-detection-testing-new-concepts/?mkt_tok=3RkMMJWWfF9wsRogv6XBZKXonjHpfsX+7+krUKK1lMI/0ER3fOvrPUfGjI4ATcVhMK+TFAwTG5toziV8R7jGL81s1sEQWxnl
http://www.netl.doe.gov/File%20Library/Library/Newsroom/researchnews/Research_News_July2015.pdf#page=6
http://www.netl.doe.gov/File%20Library/Library/Newsroom/researchnews/Research_News_June2015.pdf#page=8
http://www.netl.doe.gov/File%20Library/Library/Newsroom/researchnews/Research_News_June2015.pdf#page=7
http://www.offshore-mag.com/articles/2015/05/otc-2015-netl-highlights-blowout-spill-model.html
http://www.epmag.com/nexus-knowledge-792701#p=full
http://www.netl.doe.gov/File%20Library/Library/Newsroom/researchnews/Research_News_April2015.pdf#page=5
http://www.epmag.com/moving-forward-macondo-five-years-later-789176?
http://www.offshore-technology.com/features/featureblosom-what-if-technology-rapidly-simulates-offshore-oil-spills-4583925/
http://www.epmag.com/finding-answers-what-if-779676#p=full%20
http://www.spe.org/jpt/issue/2015-01
http://www.spe.org/jpt/issue/2014-11
https://edx.netl.doe.gov/offshore
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Impact to Program Goals: Reduced uncertainty S i BN o X
and offered new information targeting key E&P I e b

risks associated with extreme offshore
hydrocarbons to support spill prevention &g
e Higher risk targets, “exploratory” systems '

* Cementing Failures :
* Equipment & Casing Failures ——— [ EDX

Research from NETL's Offshore Research Portfolio in the spotlight.

NETL’s Offshore R&D
forresearch &

technologies focused on
offshore spill prevention
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Technologies available for licensing from Offshore Phase 1 work include:
Copyrighted software
*BlowOut & Spill Occurrence Model (BLOSOM®): comprehensive, 4D, spatially-explicit
modeling suite that simulates offshore blowouts and spill events
*Variable Grid Method (VGM®©): tool that couples uncertainty information with spatial
data to effectively communicate uncertainty in analytical results

HARCHAL ENERGT TECHNOLOGY LABORAIORY

Patents
’ K < k D ete Ct 1on at t h = B l t' U ) S ) Pate nt A p p I |Cat lon N 0. 14/85 2' 845 Ava ! Ia ble for Llce nse The |)m;e§15 in.the Offshore Research Portfolio have resulted in a number of products including tools, publications,
Tra d ema rked SOftwa re Resources presentations, intellectual property, and datasets

*Energy Data eXchange (EDX™): virtual data library and laboratory for energy research
and development

*Cumulative Spatial Impact Layers (CSIL™): GIS-based set of tools that enable users to
easily and efficiently summarize and evaluate spatial and temporal relationships among
multivariate vector and raster data

*Spatially Weighted Impact Model (SWIM™): decision support tool that incorporates _
spatio-temporal relationships and user defined weights to rank and compare different  Datwsets | nte y | Poatos Pt | ook
scenarios

*Subsurface Trend Analysis (STA™): approach for reducing subsurface uncertainty and
improving prediction of reservoir properties

All products are available via ﬁﬁm EE@X

For information about these and other NETL technologies please contact NETL's Tech Transfer Group. Offshore EDX site
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https://edx.netl.doe.gov/vgm/
https://www.netl.doe.gov/business/tech-transfer/available-technologies/tech-details?id=ca245a5c-5d5e-4db0-89bf-5961540d7ad0
https://edx.netl.doe.gov/
https://edx.netl.doe.gov/dataset/cumulative-spatial-impact-layers
https://www.netl.doe.gov/business/tech-transfer/contact-us
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Find a detailed list of Offshore presentations below. 3.
Research Products

Home Home £ Demreh

Research Portfolio 2018

2017 + THEME1 + THEME2 J THEME 3
About Offshore Research b

E MATICNAL ENERGT TECHNOLOGY LABORATORY En"

Megt the Team 2016 Reducing Risks & Impacts Associated with Extreme Offshore Systems
2015 The projects in the Offshore Research Portfolio have resulted in a number of products including tools, publications,
Resources 2018 wall
______ presentations, intellectual property, and datasets.
2014

Research Products Baker, D.V: Bauer, J; Rose, K. Developing a Smarter Way to Search - Parsing the online "forest” to find data for your research needs via

e N 2013 EDX Presented at the US. DOE Mastering the Subsurface through Technology Innovation, Partnership and Collabaration: Carbon
n the News

Storage and Oil and Natural Gas Technologies Review Meeting, Pittsburgh, PA, Aug 13-16. 2018,
2012
Q
2011 Bauer, J: Romeo, L: Nelson, J; Wingo, P; Bunn, A Barkhurst, A. Chittum. J: Rose. K. Turning the data deluge into insights for decisions w )
using NETL's Spatially Weighted Impact Model Presented at the Ocean Science: g. Portland, OR. Feb 11-16. 2018
MATIONALENEGY TECHNOLOGY LABORATORY 2010 =y
[ =107,
2009 Bauer, J: Romeo, L: Nelson, J; Winge, P; Bunn, A Barkhurst, A Chittum, J: Rose. K. Swimming through the data deluge to inform oil
T34\ "4 - spill prevention needs. Presented at the Guilf « ico Oil Spill and Ecosystem Science Conference, New Orleans, LA, Feb 5-8, 2018
EWNn | View Al
View

Bauer, J. Wingo, P; Romeo, L. Barkhurst. A, Rose, K. Nelson, J; Bunn, A Unlocking the power of data and online analytics for oil spill

prevention and operational decision making. Presented at the US DOE Mastering the Subsurface throuagh Technology Innovation
- — i - s e

) . _ All products are available via
Presentations at technical conferences & meetings Offshore EDX site

Spotlighting results, outcomes & results
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Find a detailed list of Offshore publications below. The projects in the Offshore Research Portfolio have resulted in a number of products including tools, publications,
Resources e W Reseurees presentations, intellectual property. and datasets.
2019
In the News
2018 ¥ THEME 1 ¥ THEME 2 & THEME 3
Q
2017 Reducing Risks & Impacts Associated with Extreme Offshore Systems
) marcmnvanor ooy asonsons Zeils 2018 OB o eoms o
e n eron-V om the ocea =
= Duran. R: Beron: from the ocean EBX
=A 2014 circulation: An a 8-018-23121-y.
2013
2012
DOl 10.3390/jmMse6030104
2011
Feng. R Beck. J.R. Hall. D. M. Buyuks
2010
Martensitic Steels in Brines at Low Temperature. Corrosion 2018, 74, 276 . .
| vewm All products are available via
Gough M. K. Beron-Vera. F. ). Olascoaga. M. J; Sheinbaum, J.; Jouenno. J. Duran, R. Persistent Lagrangian transport _N"m“’“ E !hv

Offshore EDX site oS =WA

~120 Journal and technical publications
Spotlighting results, outcomes & results
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