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CCGS/CBGS JOINT MEETING SCHEDULE 2017-2018
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Monday, Oct. 2, 2017 6:00 pm BBQ Kickoff at Hoegemeyers &

Presentation by Carl Tape, Ph.D., Associate Professor of Geophysics,
Geophysical Institute, University of Alaska Fairbanks “Seismology in
Alaska: Earthquakes, Bears, & High-Performance Computing.”

Oct., 18,2017 11:30am-1:00pm Speaker: David Mittlefehldt, PhD.,

Planetary scientists, Astromaterials Research & Exploration Science
(ARES), Johnson Space Center, National Aeronautics & Space
Administration (NASA) “Mars Exploration Rover Opportunity:
Exploring the Rim of Endeavour Crater on Mars, Day-4,841+of a 90-

Day Mission.”

11:30 am - 1:00 pm

Speaker: Eugene L. Ames, Jr.
“The History of Discovery: The
Largest Oil Field in the World
& Other Musing by a Geologist
& Wildcatter.”
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S M T WTh F S (S M T W Th F S|S M T W Th F S
2017 2018 2018
1 2 1 2 3 4 5 6 1 2 3
3 4 5 6 7 8 9/7 8 9 10 11 12 13 /4 5 6 7 8 9 10
10 11 12 13 14 15 16 |14 15 16 [ 18 19 20 (11 12 13 14 15 16 17
17 18 19 20 21 22 23|21 22 23 24 25 26 27|18 19 20 Bl 22 23 24
24 25 26 27 28 29 30|28 29 30 31 25 26 27 28

31

Combined
November/December for the
Holidays.

11:30 am - 1:00 pm
Speaker: Lindsay Roe, Core
Laboratories “South Texas
Reservoir Geology
Presentation,” to be
Determined

11:30 am - 1:00 pm

Speaker: Peter Wang,
Geophysical Technical
Advisor, Paradigm “A New
Technique of Lithology and
Fluid Content Prediction from
Prestack Data: An Application
to a Carbonate Reservoir”




CCGS/CBGS Joint Meeting Schedule 2017-2018

March April May
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11:30 am - 1:00 pm
Speaker: Collegiate Month!

Presentations from students &
faculty from our local colleges
regarding their Geological and

Geophysical Research &
Educational Programs

Corpus Christi Geological/Geophysical SOCIELY ......ccueevveceiriirie e
SIPES Corpus Christi Luncheons...

11:30 am - 1:00 pm

Speaker: Phillipe Tissot, Ph.D.,
Department of Physical &
Environmental Sciences, TAMUCC
“Coastal Processes Presentation,”
to be determined

11:30 am-1:00 pm
Speaker: To be determined

Calendar of Meetings and Events

Calendar of Area Monthly Meetings

South Texas Geological Society Luncheons

San Antonio Geophysical Soc1ety Meetings...
Austin Geological Society....
Austin Chapter of SIPES...
Houston Geological Soc1ety Luncheons

Central Texas Section of Society of Mlnlng, Metalllurgy & Exp

. Third Wed.—11:30a.m.
... Last Tues.—11:30a.m.
... Second Wed—noon San Antonio

...... Fourth Tuesday
... First Monday

... First Thursday

... Last Wednesday

... 2nd Tues every other month in
San Antonio




sponsors

N9 winn Exploration Co., Inc.

Actively Seeking High Quality
Drilling Prospects

Contacts:
Mike Layman (Geophysicist) 361-844-6922
Tom Winn (Geologist) 361-844-6992

Southern Winn (Geologist) 361-844-6998

800 North Shoreline Blvd.
19th Floor, North Tower
Corpus Christi, Texas 78401

Office: 361-844-6900 Fax: 361-844-6901

SUEMAUR

EXPLORING SINCE 1968

Experience. Expertise. Exploration.

539 N Carancahua St, Suite 1100, Corpus Christi, TX 78401
(361) 884-8824
WWW.suemaur.com



CCGS Monthly Letter - April 2018

Some time ago | was inspired by a colleague who took to liberally writing her thoughts in an
artful way after major events or travels in her life. Vicki taught me that articulation can “seal”
a recollection or thought — and the process may serve a practical documentation, expression of

gratification, and as entertainment. Hopefully this message does all three.

In 2018, | am personally amazed by our Geological Society members and leadership. We, like
our sister societies across the Gulf Coast, are experiencing the great shift change in the
petroleum industry. Yes, membership is declining and our budgets are getting tighter.
However, there continues in the Society a substantial remnant of optimistic and good-hearted
friends who find fulfilment in participation and inclusion. Likewise, there are many inspiring
young professionals and students in our community who are eager to improve and grow as
geoscientists.

Young people are looking to us for professional guidance and insights to navigate their career
path. We still have a lot to do.

About our Leaders - Our Society benefits from great leadership today. Foremost is President
Austin Nye. Austin’s no nonsense approach to helping lay a practical path for the CCGS has
been helpful finding our way in the post-GCAGS Convention period. Our Vice-President, BJ
Thompson, brings energy and vitality to our luncheon and special events. Casey Mibb,
Treasurer, is accessible and responsive on financial issues, and like Austin, she is pragmatic in
her solutions. Barbara Beynon has served the Board well as our past President. Rounding out
the board are our fine Counselors, Rick Paige and Brent Hopkins - the sages of Suemaur.
Looking at next year, our President-Elect, Frank Cornish, will be a great leader for our Society.
And me? Well, | just take notes and mutter absurdities (and sometimes obscenities).

There are other leaders that | have to mention. Those who make the Society run each month
— the big events and the little things, continually helping. Marian & Sebastian Wiedmann,
Dorothy Jordan, Wes Gisler, Leighton Devine, Dawn Bissell, Will Graham, Robbie Sterett, Juan
Cabasos, Fermin Munoz, Lonnie Blake, Tom Mcgehee, Erin Matthys, and Dennis Moore. Yes,
there are many more of you, too, who | might have missed in this listing...and | want to include
you who attend luncheons, participate in committees, and do the fun stuff.



Each year it seems like we have to decide to keep on going on as a Society. It feels this way
because of the reluctance of many members to step forward into leadership positions. | get it.
Why, at this point in my life, would | want to take on a responsibility (like a Board or Committee
Position) when | should be relaxing and taking it easy? Haven’t | done enough?

My answer is simply, no, you haven’t done enough. Because there is not enough to be done!

I was recently asked by a friend if / was bored. His question originated after | shared that | was
doing some research into the nature of geology and wine, and preparing a presentation on the
relationship between minerology and minerality. He was seeking my reasoning for taking on
yet another responsibility in addition to work, teaching, parenting, clubs, etc. He actually said,
“Are you bored?”

No, silly — I am alive. And | intend to be alive until | am not - Because a good life is defined by
what you give, not what you acquire.

So, | don’t know why my fellow ripe-aged members think they are excused from serving on our
Board or on committees. The good news today is that we have solved most every pressing
issue of our Society and are well-positioned to enter 2018-19 with a good program, a better

venue, and a balanced budget.

The only thing we need is you! Please help by expressing your willingness to be on the Board,
serve in a position, or be on our Scholarship Committee!!!

There is so much great about the CCGS! The new venue at Water Street makes our meetings
more accessible and convenient. We have speakers wanting to come to Corpus Christi to
present to our Society. We have wonderfully fun events planned for this season and next, like
the Golf Tournament on April 13 and the Pub Crawl on April 14.

Please think about your role in the Society — today and tomorrow.

We are counting on you.

PN
Randy Bisseil, CCGS Secretary & Membership Czar



SPONSORS

Nueces Energy, Inc.

P O. Box 252

Corpus Christi, Texas 78403
Office: (361) 884-0435

Fax:  (361)-654-1436
www nuecesiand com

Nueces Energy, Inc. is a complete land services
company in the business of providing professional
landmen and project management fo varnious energy
related jobs primarily in the oil and gas industry

With over 30 years of indusiry expenence, we
specialize in delermining surface and subsurface
ownership and negotiating and acquiring contracts,
nghts of way agreements, and easements io provide
our clients with the legal nght to explore and develop
oil and gas resources. We provide a full service land
company capable of managing any project no matter
how large or small.

St

THUNDER EXPLORATION, INC.

Celebrating 30+ years of prospect
generation and exploration in the
following South Texas plays and trends.

Frio San Miguel Edwards
Jackson Austin Chalk Pearsall
Yegua Eagle Ford Sligo
Wilcox Buda Cotton Valley
Olmos Georgetown Smackover

Thunder is currently seeking non-operated working
interest participation in projects and prospects.
Contact Walter S. Light Jr.
President/Geologist

713.823.8288
EMAIL: wthunderx @aol.com

Headington Oil Company is now...

HEADINGTON

ENERGY PARTNERS, LLC

Proudly operating in South Texas.

For more information contact:
Randy Bissell, randyb@headingtonenergy.com or call 361-885-0113

Offices in Corpus Christi, Sarita, and McKinney, Texas - Exploring and Developing properties
In South Texas, Permian Basin , East Texas & Oklahoma




CBGS President’s Letter

CBGS Scholarships
The board awarded two scholarships of $2,000 each to undergraduate geophysics majors from
Texas A&M University-College Station, and University of Houston. Another scholarship of
similar value will be given to geophysics major from Texas A&M University-Kingsville in
Spring 2018.

The following criteria is followed in awarding the scholarships.

1. Must be a citizen of the USA

2. Must have declared Major Geophysics at the main campus of the receiving university

3. Must have GPA 3.0

4. Must be in good standing with the school

5. Must make effort to attend a Coastal Bend Geophysical Society Meeting in Corpus Christi
Texas after being awarded a scholarship to be recognized by the society.

Dr. Subbarao Yelisetti- President

Lonnie Blake- Vice President

Matt Hammer- Secretary/ Treasurer

Dr. Robert Schneider- Continuing Education
Lonnie Blake- Golf Chair

Ed Egger- Scholarship Chair

News

* Oil climbed to the highest level in six weeks after crude inventories dropped for the first
time in a month as reported by Jessica Summers on rigzone.com.

* At the time of writing this report, U.S. crude futures have averaged over $50.85 a barrel
in 2017, as opposed to an average of $43.47 a barrel in 2016. This is expected to rise to
$57 and $54 a barrel in 2018 and 2019, respectively as reported by Scott DiSavino on
reuters.com.

* According to the U.S. Energy Information Administration projections in February, U.S.

production would rise to a record high annual average of 10.6 million barrels per day
(bpd) in 2018 and 11.2 million bpd in 2019, up from 9.3 million bpd in 2017.
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* There were 975 oil and natural gas rigs active on Feb. 9. On average, there were 876 rigs
available for service in 2017, 509 in 2016 and 978 in 2015 as reported by Scott DiSavino
on reuters.com.

CBGS Business
CBGS currently has 56 members.

CBGS workshop

CBGS will be offering a Geophysics workshop on April 20" in EOG conference center.

When: 11:00 am — 4:00 pm, April 20"

Where: EOG 3"° Floor Conference Room, 539 N. Caranchua, Corpus Christi, Texas

Cost: Free for CBGS Members/students, $25 to join CBGS membership for non CBGS members.
Lunch provided by HIS

Talks:

1. IHS - What’s new/coming in the Kingdom Software Suite
2. Tad Smith — SEG Distinguished Lecturer: Seismic Petrophysics
3. CGG/Hampson Russell: Reservoir Property Prediction with Seismic

Contact Lonnie Blake Lonnie Blake@eogresources.com for additional information.

CBGS is looking forward to offer many such workshops in the future. Topic/speaker suggestions
are welcome. Email your suggestions to Subbarao.Yelisetti@tamuk.edu or

Lonnie_Blake@eogresources.com

Golf Tournament

CBGS organized its annual Golf Tournament to fund its scholarship program on
October 6, 2017 at Northshore Country Club.

20 Players, 10 sponsors, 7 contributing cash, 3 contributing golf balls, coolers, etc.....

Raised $1951 for the scholarship fund.

2018 Golf tournament will be in the first week of October. If you are interested in the Golf
Tournament, please contact Lonnie Blake at 361-887-2665 or Lonnie Blake(@eogresources.com

New Degree Tracks at TAMUK
* TAMUK is currently accepting applications for MS Petrophysics program for Fall 2018.

* BS degree in Geophysics, Minor in Geophysics and Certification in Geophysics
offered at Texas A&M University-Kingsville from Fall 2017.
Please contact Dr. Subbarao Yelisetti (Subbarao.Yelisetti@tamuk.edu) or
Dr. Robert Schneider (Robert.Schneider@tamuk.edu) for additional information.

1"



SEG Distinguished Lecture
CBGS and TAMUK SEG student chapter organized 2018 SEG Distinguished Lecture in
January, 2018. We wish to organize many more lectures in the future.

Education/Events

-SEG

SEG annual meeting will be held in Anaheim, CA from Oct 14™-19" 2018. Abstract due date is
April 1°5 pm CDT. See https://seg.org/Annual-Meeting-2018 for additional details.

See https://seg.org/Education/Lectures/Distinguished-Lectures for information about upcoming
SEG distinguished lecture in Houston and other locations.

See https://seg.org/Education/Lectures/Honorary-Lectures for SEG honorary lecture locations in
Texas.

-GSH

SEG and GSH jointly organizing a live webinar on “Introduction to Applied Depth Imaging”
by Dr. Ruben Martinez. It is scheduled from 10 am-2 pm, March 26-29", 2018 (four half-
days). It covers the basic concepts and practical aspects used in depth velocity model building
and depth imaging. See below link for additional information.

https://www.gshtx.org/SharedContent/Events/Event Display.aspx?EventKey=011cd5de-1f54-
4¢39-826d-876185a5eada&WebsiteKey=955f17e6-46ad-4401-acbd-2af6¢393752b

Webinar Pricing Per Person
Individual Registration $390
Company/Group 2-10 $325
Company/Group 11+ $295

Individual Student $100

Student Group £60

-AGU

2018 Fall AGU annual meeting will be held in Washington, DC from December lOth-14th, 2018.
https://fallmeeting.agu.org/2018/

Monthly Saying

"You have to continually press yourself to convert information into action" - John Masters
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Monthly Summary

Toas Ol and Gasnfo | Current Month | _Last Month | _ Diference | |

Texas Production MMBO/BCF MMBO/BCF MMBO/BCF
Oil 93.6 98.1 -4.5 November
Condensate 9.6 10.5 -0.9 November
Gas 613.7 644.2 -30.5 November
Current Month  Yr to date - 2018 Yr to date - 2017
Texas Drilling Permits 1097 2263 1947 February
Oil wells 284 527 517 February
Gas wells 87 165 104 February
Oil and Gas wells 647 1431 1247 February
Other 11 15 16 February
Total Completions 882 1845 1213 February
Oil Completions 672 1411 951 February
Gas Completions 149 328 179 February
New Field Discoveries 2 3 6 February
Other 5 6 3 February

Subbarao Yelisetti—CBGS President
President, CBGS
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SPONSORS

“ Yok

Full Service
National
Seismic Data
Marketing Firm

FF' iEWif“ FYC‘“I?I["IQE', Tﬂ Corpus Marketing Contact

Lana Lipinski

Strﬂtegic Spfﬂﬂlﬂﬁ\’e S“WEYS ; inski@seismicexchange.com
Geophysical Data Marketing & Management i

DALLAS DENVER HOUSTON NEW ORLEANS TULSA
4805 Westway Park Blvd., Houston, Texas 77041 832.590.5100

VirTex Operating Company, Inc.

615 North Upper Broadway, Suite 525, Corpus Christi, Texas 78477
(361) 882-3046
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CORPUS CHRISTI GEOLOGICAL SOCIETY
COASTAL BEND GEOPHYSICAL SOCIETY

LUNCHEON MEETING
ANNOUNCEMENT

APRIL 18, 2018

Location: Water Street Events (Previously the Seafood Company
Restaurant), 300 Block N. Water Street, CC, TX 78401

Student Sponsor: Imagine Resources, Nye Exploration, Viper Exploration, Ltd.

Bar Sponsor: SPONSORSHIP OPPORTUNITIES AVAILABLE!!!
Time: 11:30 am Bar, Lunch follows at 11:45 am, Speaker at 12:00 pm
Cost: $25.00 (additional $10.00 surcharge without reservation; No-shows

may be billed and non-RSVP attendees cannot be guaranteed a
lunch); FREE for students with reservation (discounted by our
generous sponsors)!

Reservations: Please RSVP by 4PM on the FRIDAY before the meeting!
E-Mail: arrangements@ccgeo.org

Please note that luncheon RSVPs are a commitment to the Ortiz Center
and must be paid even if you can’t attend the luncheon.

SPONSORSHIPS OPPORTUNITIES ARE AVAILABLE!
IF YOU WOULD LIKE TO SPONSOR, PLEASE CONTACT US AT:
arrangements@ccgeo.org

Imagine Resources, LLC

VIPER
802 N. Carancahua, Suite 1840 E‘XI)L OM TIO]\”

Frost Bank Plaza
Corpus Christi, TX 78401 L TD-
WWW.NYEXpP.us
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Real Impacts of Sea Level and Subsidence along the Texas
Coast

A discussion regarding general sea level rise, followed up with the
importance, the spatial variability, and likely causes of subsidence along
shorelines of the Coastal Bend and the resulting impact on future nuisance
floods.

Presented by:
Phillipe Tissot, Ph.D.

About our Presenter:

Dr. Phillipe Tissot is the former Associate Professor of Physics at Texas
A&M University, Corpus Christi, He studied at Texas A&M receiving his
Ph.D. in Nuclear Engineering, as well as Ecole Polytechnique Fédérale de
Lausanne (EPFL), in Lausanne, Switzerland, receiving a Diploma in
Physics Engineering.

Dr. Tissot is the Associate Director of the Conrad Blucher Institute, and an
Associate Research Professor at Texas A&M University, Corpus Christi,
studying and developing coastal physics models often based on artificial
intelligence and hydrologic models. He is the Chair of the American
Meteorological Society Committee on Artificial Intelligence Applications to
Environmental Sciences.
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SEISMIC-BASED ANALYTICS

10,723 BBI 101 BBI .
] ESIE i | HL SR In today's challenging market, no one can afford a bad well. Global's

seismic-hased analytics can help you avoid the pitfalls and pinpoint the
sweet spots. By integrating seismic, geological, and engineering data,
this proprietary workflow identifies the most prospective areas and zones
for drilling - down to the stage level! This reduces risk, optimizes spend,

Prod =
i and greatly increases the chance for every well and stage to be a winner.

e High-grade prospective drilling areas and zones
e Enhance well planning and geosteering
e Optimize completion placements and frac design

UNTAPPED TARGET
e Predict well performance at stage level

An arbitrary line through 3 vertical wells in the West Texas Permian Basin shows the
Jateral variations of the Production Prediction Mode! and reveals refrac potential for Wells
1 and 3 where the red disks indicate the actual/ completion intervals and the white circles
highlight the missed pay. Note the untapped target near Well 1.

* Boost EUR of individual wells

e |dentify candidates for refrac

Global’s SEISMIC-BASED ANALYTICS approach is field-proven with
successful projects in both conventional and unconventional
For More Information: reservoirs. Contact us today to find out how Global can help you make

www.globalgeophysical.com/ANALYTICS or . every well a winner.
Contact ANALYTICS@globalgeophysical.com GIoBaI

Geophysical Services




GEOPHYSICS WORKSHOP - SEISMIC HAPPY HOUR

When: 11:00 - 4:00 April 20,2018

Where: EOG 3t Floor Conference Room, 539 N. Caranchua, C.C., TX.

Cost:  Free for CBGS Members/students, $20 to join CBGS
Membership Dues for non CBGS members

Lunch provided by IHS

[HS - What’s new/coming in the Kingdom Software Suite
Tad Smith - SEG Distinguished Lecturer: Seismic Petrophysics

CGG/Hampson Russell: Brian Russell: Reservoir Property Prediction with
Seismic Happy Hour???

Please contact Lonnie Blake or Robert Schneider to register
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CORPUS CHRISTI GEOLOGICAL SOCIETY

1ST

NorthShore Country Club

April 13,2018

12:30 p.m. Shotgun Start
Four-Person Scramble

Annual Spring Golf Tournament

100 Player Limit * Sign up Early
Contact: Fermin Munoz, fmunoz04@hotmail.com, 361-960-1126

Name

Email

Company Name

Address

City, State, Zip

Phone

Yes, Please Place on a Team
| want to be on a Team with: (list below)

Player 2:

Player 3:

Player 4:

$100 per Golfer
S400 per Team (4 players)
Sponsorship Total

TOTAL AMOUNT DUE
PAYMENT INFORMATION
Check Enclosed
Make Checks payable to:

Corpus Christi Geological Society
Mail check to:

CCGS Golf Tournament

Fermin Munoz Jr.

619 E. Broadway

Portland, TX 78374

19

Sponsorships

#___ Beverage Sponsor $500 ea.
#___ Hole Sponsor $200 ea.
#___ Longest Drive $100 ea.
#  Closestto Pin $100 ea.
Door Prize Sponsor $
General Sponsor $

Total Sponsorship $

V V V V V V

NorthShore Country Club

801 E. Broadway St.
Portland, TX 78374
Entry Fee Includes:
Green Fees
Range Balls
Carts
Beverages on the Golf Course (limited)
Door Prizes

Dinner



CORPUS CHRISTI GEOLOGICAL SOCIETY

BREWERY CRAWL
SATURDAY — APRIL 14, 2018

SCHEDULE

1:30 PM TO 2:00 PM — Meet at Railroad Seafood Station & Brewing Company,

1214 N. Chaparral, CC, TX 78401

2:00 pm — Depart for Lorelei Brewing Co.

LORELEI

1_ BECH 2:15 pm to 3:15 pm — at Lorelei Brewing Co.

‘Brewing Co.

3:15 pm- Depart for Lazy Beach Brewing

3:30 to 4:30 pm — at Lazy Beach Brewing
4:30 pm — Depart for B&J’'s Pizza & Brewpub

4:45 to 5:45 pm — at B&J’s Pizza & Brewpub

““Il.ﬂnﬂﬂ 5:45 pm — Depart for Rebel Toad Brewing Co.
3eAFo0D STaT g 6:00 to 7:00 pm — at Rebel Toad Brewing Co.
\(‘)d 7:15 pm — Return to Railroad Seafood Station & Brewing Co.
$60.00 per person to include transportation and
at least one (1) pint at each venue
NAMES
TELEPHONE:
$ TOTAL CHECK # (Payable to CCGS)

Please send completed form and payment by APRIL 7, 2018!!!

(check payable to CCGS) to:

CCGS BREWERY CRAWL 2018 — P.O. BOX 1068 — CORPUS CHRISTI, TX 78403
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http://www.ccgeo.org/
http://bandjspizza.com/
http://www.loreleibrewing.beer/
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Seismic Facies Prediction and

Modeling

A Paradigm Geoscience Data Service

Rock facies define the internal architecture of the reservoir. The
ability to accurately predict and model the distribution of facies in
the reservoir results in a better understanding of reservoir quality
and behavior. An accurate facies model will be a good predictor of
in-place volumes and fluid flow. Facies determination is substantially
improved with the use of both seismic and well bore predictive
methods. The calibration of the two can be used to construct 3D
proportional facies volumes to guide the stochastic simulation of
facies models.

Paradigm facies prediction and modeling services make use of both

electrofacies and seismic facies classification procedures to determine

the distribution of facies. Both procedures are designed to eliminate

or mitigate user bias, allowing the data to drive the facies description.
For electrofacies classification, multi-resolution graph-based clustering

offers a solution which determines the optimal number of clusters at
different resolutions and allows the geoscientist to control the final
level of detail to more accurately represent the facies.

Seismic facies classification methods seek to establish a relationship
between the rock facies and natural cluster structures in the seismic
data. The natural clusters can be determined from an analysis of
the waveform shape. Paradigm seismic facies classification solutions
include a wealth of schemes adaptable to different depositional

and stratigraphic settings. These solutions include supervised and
unsupervised classifications of waveform shape, attribute intervals,
and attribute maps using artificial neural networks (Self-Organizing
Maps). Multi-attribute schemes are also available using partitional or
hierarchical schemes.

Paradigm facies modeling solutions incorporate the electrofacies

and seismic facies predictions into a modeling (chronostratigraphic)
framework with optimized grid support for facies modeling. Multiple
facies modeling methods (e.g. deterministic modeling, sequential
indicator simulation, truncated Gaussian simulation, multi-point

Ea0E0E

Seismic facies classifications (with and
without Principal Component Analysis)

6844644

simulation, object modeling) combined with trend analysis (1D, 2D,
3D), honor geological and seismic constraints and ensure that the
conceptual model is honored.

Paradigm Facies Prediction and Modeling Solutions

e A multi-resolution graph-based electrofacies clustering method
that determines the optimal number of clusters at different
resolutions and allows the geologist to control the final level of
detail in the classification

Supervised and unsupervised seismic facies classifications based
on the Self-Organizing Map Neural Network method, for a
more geologically sound classification

e Waveform shape classifications, map and interval attribute
classifications, and multi-attribute classifications adaptable to
many different depositional and stratigraphic environments

e Chronostratigraphic facies modeling solution with optimal
geologic grid support for facies models (preservation of
distances and volumes)

Facies data analysis solutions, including data preparation (e.g.
data blocking, smoothing of distributions), trend analysis,
seismic-to-well facies classifications, and the creation/
combination of multiple facies proportion volumes

Broad set of facies modeling solutions, including multipoint
simulations, truncated Gaussian simulations, etc. with trends

Paradigm Facies Prediction and Modeling Advantages

The Paradigm Geoscience Data Services team combines wellbore

and seismic facies prediction methods with the most advanced facies
modeling solution, enabling oil and gas operators to better understand
the reservoir architecture, quality, and behavior.
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Electrofacies classification for field wide
delineation of facies
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A new technique for lithology and fluid content prediction from
prestack data: An application to a carbonate reservoir

Kamal Hami-Eddine' Pascal Klein® Loic Richard® Bruno de Ribet?, and Maelle Grout?

Abstract

One of the leading challenges in hydrocarbon recovery is predicting rock types/fluid content distribution
throughout the reservoir away from the boreholes because rock property determination is a major source
of uncertainty in reservoir modeling studies. Spatial determination of the lateral and vertical heterogeneities
has a direct impact on a reservoir model because it will affect the property distributions. An inappropriate
determination of the facies distribution will lead to unrealistic reservoir behavior. Because these data can take
different forms (lithologs, cuttings, and for seismic, poststack, and prestack attributes) and have different res-
olutions, the manual integration of all the information can be tedious and is sometimes impractical. We devel-
oped a new neural network-based methodology called democratic neural network association (DNNA). The
DNNA method was trained using lithology logs from wells simultaneously with prestack seismic data. This
technique, using a probabilistic approach, aims to find patterns in seismic that will predict lithology distribution

and uncertainty.

Introduction

The economic viability of a field is dependent on the
quality and accuracy of lithology distribution predic-
tion, as well as by the heterogeneity of a potential res-
ervoir. These components are the keys to successful
hydrocarbon exploration and production. The rise in
unconventional resource prospecting and the increas-
ing complexity of conventional plays have made accu-
rate lithology prediction even more critical. All relevant
data must be used optimally to determine lithology at
the prospect scale with the highest degree of resolution,
resulting in the most geologically meaningful lithology
distribution. Risk increases with. complexity, however,
and the probability of success and the integration of un-
certainty into the nature and distribution of lithology
must be taken into account in any approach that tries
to predict lithology.

Conventional approaches are mainly based on 2D or
3D analyses of inverted data to describe the elastic
properties of the reservoir. However, precise lithology
description in such attribute spaces often overlaps.
This makes it difficult to clearly differentiate, for exam-
ple, intermediate-type facies such as thin interbedded
layers. The result is nonunique and highly sensitive
to facies interpretation. It, therefore, becomes critical
to estimate reservoir connectivity, as some lower qual-

ity or intermediate-type facies could improve under-
standing of the reservoir’s development.

Democratic neural network association (DNNA) is a
new methodology to be considered alongside acoustic,
elastic, and stochastic inversion methods. It allows for
the generation of lithology probabilities from a combi-
nation of quantitative rock typing analysis at wells and
seismic data at the well location (Hami-Eddine et al.,
2009). The validity of the method has been demon-
strated through the direct use of angle gathers (repre-
senting the seismic data) combined with well facies
analysis, to predict the lithology and fluid content.

This methodology will be applied to a carbonate reef
data set, in which conventional attributes and inver-
sion have shown limitations when describing reservoir
heterogeneities.

Methodology for predicting lithology
from well data and seismic
Well data analysis and facies definition

Well log information is the main source of informa-
tion for lithology and fluid content. Therefore, a key
step in lithology and fluid prediction is precise and care-
ful analysis of the well data. DNNA is designed to use
lithology logs or facies determined using petrophysical
properties calibrated to cores.

'Paradigm, Paris, lle de France, France. E-mail: kamal hami-eddine@pdgm.com.
“Paradigm, Pau, France. E-mail: pascal.klein@pdgm.com; maelle.grout@pdgm.com.
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‘Paradigm, Houston, Texas, USA. E-mail: bruno.deribet@pdgm.com.
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http/dx.doi.org/10. 119VINT-2014-0049.1. © 2015 Society of Exploration Geophysicists and American Association of Petroleum Geologists. All rights reserved.
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Combining rock typing and multiresolution graph-
based clustering (MRGC) (Ye and Rabiller, 2000) brings
two different aspects to lithology prediction using log
data. The first approach is mainly based on crossplot
analysis, in a multi-2D manner. The simplicity of the tools
used for rock typing makes facies estimation quality con-
trol understandable and easily reproducible. However,
plot analysis is limited, in that it cannot catch subtle var-
iations that MRGC electrofacies will identify in a multilog
analysis study. DNNA input facies logs are determined
through the calibration of rock-typing lithology and fluid
estimation with electrofacies (Figure 1).

Seismic data as a propagation
guide for lithology prediction

Well analysis is considered to be reliable information
when describing the reservoir; however, well data are
generally too sparse of a data set to adequately describe
a prospect. Attributes derived from prestack seismic
data analysis (e.g., amplitude variation with offset
[AVO] inversion or inversion results) are typically used
to predict the lithology of reservoirs and their fluid con-

tent, but separation of facies is hard to define clearly on
2D log crossplotting (Figure 2). Alternatively, raw data
such as gathers bring a huge quantity of highly valuable,
but often subtle, information, which is difficult to han-
dle without making approximations.

A neural network application through the use of
DNNA offers the possibility of inferring facies defined
at wells using prestack seismic data. The probabilistic
approach of DNNA combines all seismic-related infor-
mation to build facies probability cubes.

Neural network predictive aptitudes
and evaluation of probabilities

The prediction of lithology at the prospect scale is
strongly limited because the inversion workflow is a
seismic data-driven process that provides few attributes
derived from impedance contrasts, and spatial lithology
separation becomes a challenge if performed with a lim-
ited number of attributes. The goal of using a method-
ology based on neural network techniques is to enable
the addition of more inputs and eventually use the com-
plete information contained in a full set of seismic gath-

Figure 1. Carboniferous interval facies de-
scription at the well bore are defined through
the combination of rock typing and elec-
trofacies analyses. (a) Interbedded facies,
(b) good-porosity biostrom (oil), (¢) medium-
porosity biostrom (oil), and (d) medium-poros-
ity biostrom (water). Each facies group shows
a different type of log response.
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ers. The DNNA method allows a better separation of
lithology and facies because the input set of data pro-
vides more detailed information. Moreover, this prob-
abilistic approach will quantify the uncertainty in the
prediction.

The training data set for the DNNA is constructed by
selecting seismic data and facies interpreted at wells.
The x,, is defined by a d-dimensional vector x and a
weight w being high for hard data and low for soft data.
Hard data are considered to be highly reliable informa-
tion and contribute with a large weight to neural net-
work trainings. In the DNNA case, hard data are a
combination of prestack amplitudes and facies informa-
tion extracted at wells. Soft data provide information on
the seismic prestack amplitude values but provide no
information about the nature of the facies. They are,
therefore, used with lower weights during DNNA train-
ing phases.

This weight qualifies the degree of reliability of train-
ing data. Each dimension corresponds to seismic data
(such as angle gathers) characterizing the sample. Ini-
tially, training samples are built from seismic attribute
values extracted along well trajectories, and a lithologi-
cal facies index is used as a class indicator. A training
sample is a pair of (x,.c), where x,, is the vector of
attributes, and ¢ is the index of the lithological facies
at a given well position. A training set is an ensemble
of training samples.

Associative neural networks

Many limitations are clearly identified for discrete
prediction using seismic data. Lithological information,
interpreted and gathered at wells, is not linearly corre-
lated with seismic data. Facies are not ordered, and
there is no notion of mathematical separation between
them. Each neural network is designed to learn in a
specific way. Using only one supervised neural network
tends to bias the results of the training (Tetko, 2002a). A
network is built to reach one objective, which is usually
to approximate data or class densities (Kohonen, 2001).
The problem of “well-to-seismic” data classification
renders this one-goal approach unsatisfying because
classes often overlap with one another. The use of sev-

eral networks running simultaneously as an associative
combination is preferred (Tetko, 2002b).

With regard to the data, different approaches can be
considered to simultaneously train several neural net-
works. Usually, multiple-view learning methods are
used (Gao et al., 2010). By definition, this approach re-
quires multiple independent sets of attributes. The ap-
plication of this kind of approach to facies prediction is
not optimal in a reservoir characterization sense be-
cause seismic data are interdependent, as in the case
of near- and far-angle partial stacks, for example.

The second approach is to simultaneously run differ-
ent neural networks to be trained with the same hard
data set (Zhou and Goldman, 2004). This single-view co-
learning approach provides the ability to handle the
training of associative neural networks (ASNNs) with
a unique set of seismic data attributes that are not nec-
essarily independent, paired with the well information.
This is the approach we prefer.,

Defining an ensemble of networks with different
learning strategies helps to compensate for the existing
bias when using only one network. The ASNN explicitly
corrects the bias of the neural network ensemble and
leads to an improved prediction ability (Gao et al,
2010). This has been demonstrated (Hami-Eddine et al.,
2011) in the case of lithological facies prediction based
on prestack amplitudes.

Democratic learning concepts

The multistrategy learning ASNN performance is lim-
ited by the number of hard data samples in the training
set. If the volume of data is too small, it is probable that
the training set is too limited in terms of diversity as
compared to the population to qualify. The risk of over-
learning is significant in that case, and the predictive
properties of the networks are seriously reduced and
unreliable.

The combination of hard and soft data in the learning
phase (Figure 3) improves the training data set (Guillau-
min et al., 2010). In the case study developed further in
this paper, hard data X . (x,,.c) comprise prestack am-
plitude values and a facies index ¢, whereas soft data
are limited to (x,.?). Soft data provide information
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on seismic prestack amplitude values, but they give no
information about the nature of the facies.

We can summarize the training steps of the demo-
cratic ASNN as follows:

« Define a number p of neural networks.

«  Apply learning over the p neural networks with
each training set and examine the training quality
by analyzing misclassification rates at well lo-
cations.

+ Enrich training set: Apply a democratic vote sys-
tem over a user-defined set of soft data and add
the ones that pass the majority vote test as train-
ing data, with a lower weight than hard data.

«  Apply learning over p neural networks using the
expanded training set now containing hard and
soft data.

Validation of network prediction by bootstrapping

Cross validation is a well-known technique that mea-
sures prediction quality (Hastie et al., 2009). This
method was used in the project, but experiments re-
sulted in the use of the bootstrapping method. This
method is more robust and less time-consuming for

large data sets (Efron and Gong, 1983). The learning
process can be halted, for example, by setting a maxi-
mum bootstrap error or a few iterations. The perfor-
mance of democratic ASNNs has to be measured to
avoid erroneous prediction capabilities as well as the
overlearning phenomenon.

The bootstrap error is computed by taking the
“.632+" estimator (Hastie et al., 2009):

Er'®™) = (1 - )err + GEm" (1)

where
« @rr is the misclassification rate
« & is a weighting factor: & = .632/(1 — 0.368F)
« R _is the relative overfitting error: R=
(Err'"! — ) /(p — &)
» % is the no-information rate:

C
p=> pi(1-). @)
i=1

with p; being the observed proportion of re-
sponses, y; equaling 7, §; is the observed propor-

First NNA
training

\
y

Democratic
contribution

Learning 2

Learning 1

Second NNA
training

Learming n

Figure 3. Description of DNNA training steps: Initial training data, from well facies groups and seismic prestack data, are used as
hard training samples for the first supervised learning stage, whereas the democratic contribution (voting system) involves only
soft data (seismic prestack) to enrich the final training data set for the second supervised learning stage.
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tion of predictionsj?’ (x;) equaling 7, and C is the
number of classes.

The value Err'" is the bootstrap error in which only
predictions from bootstrap samples that do not contain
the x; observation are kept (Figure 4) as

—) _1¢~ 1
Er'=_"%——%"1-5

= it 1
N i=1 lC-‘ljec_. &

it ixq)

Here, C_; is the set of indices of bootstrap samples that
do not contain observation i and |C_;| is the number of
such samples. Terms for which |C_;| = 0 are left out;
fl(x;) is the class prediction made by the network
trained with the /th bootstrap set; and y; is the expected

answer. The bootstrap error Err ***") gives a robust
estimation of the prediction error committed using

DNNA. Our experiments have led us to adopt heuristics:
A value of less than 0.3 means that the prediction quality

is satisfying.

Propagation of network properties using a
weighted k-nearest neighbor algorithm

When the DNNA learning has reached a satisfying
bootstrap error value, we then predict facies values
for the full amount of unlabeled data. The extrapolation
of the network properties is based on a Bayesian ap-
proach using the a priori defined by the DNNA. The in-
ference of classes performed by the DNNA is used to
compute an a posteriori probability based on an a priori
defined by the network.

The weighted k-nearest neighbors (WKNN) algorithm
is a local version of the probabilistic neural network
(PNN) (Specht, 1990), which computes a posteriori prob-
abilities of class labels.
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Figure 4. (a) Bootstrap set contains the same number of data as the original set. Consequently, some repetitions are observed as
well as some missing data. (b) Each bootstrap set is used to train one DNNA entity. (¢) Points missing in a bootstrap set because of
repetition of other points. Missing points are used to validate predictive DNNA aptitudes.
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According to the Bayes formula, we can define the a
posteriori probability that ¥ belongs to class ¢ by

(YIC)P(C
P((y|c)P

P(cly) = “4)

The PNN makes the assumption that the probability
P(y|e) is modeled by a multivariate Gaussian distribu-

tion kernel:
(-2 xul) 5
€ k=

P(yle) = Z

where n, is the number of elements of class ¢, ¢ is a
smoothing parameter, and x{, is the kth neuron of class
c. The nonlabeled vector y is assigned to class ¢ for
which P(c|y) is maximal. In the case of WKNN, the com-
putation of P(y|c) is restricted to the k first nearest co-
debook vectors. Let us note 7. the number of
codebook vectors of class ¢ in the k-size neighborhood;
we can then write

Table 1. Facies group final repartition. Facies from
Permian and Carboniferous intervals are determined,
taking into account the lithology, porosity, and fluid
content.

[Code | [Name | Icolor]
0 Nonvalue @
1 Shale 1=}
2 Tightbiostrom e=1
3 Wet bioherm 1 C
4 Good porosity biostrom oil ]
5  Wetboiherm 2 =5
6  Shaly limestones =
7 Interbedded =3
8  Bioherm oil .
9 Limestone .
10 Silicoclastic -
11 Silicoclastic oi [ ]
12 Tight bicherm L::I
13 Facies_13 =4
14 Medium-porosity biostrom oll [ |
15  Good-porosity biostrom water =
18 Low-porosity biostrom water s
17 Low-porosity biostrom oll Ij_

SC24

33

1 M
Ty, L<i=1

lly—xe, [I*
o(-55%)
P(cly) = g =, IF (6)

j=17ng 2wi=1 SXP\ — 57—

where X, is the 7th nearest training sample of class ¢
to y.

The use of WKNN allows the determination of prob-
abilities associated with each facies. Each location in
the prospect area will be evaluated by the DNNA and
probabilistically estimated from facies and seismic data

learning process.

Reservoir prediction in a carbonate reef

The challenge in evaluating the quality of a carbonate
prospect is not limited to understanding facies distribu-
tion. Carbonate reservoir properties are directly im-
pacted by the depositional environment, but they are
also highly dependent on chemical processes, such
as diagenesis or karstification, which occur after depo-
sition. As a consequence, this case study will focus not
only on predicting facies, but also on facies groups.
These take into account facies as well as rock proper-
ties due to rock evolution through time (Table 1). The
ability to use all the available seismic information and
facies calibrated to wells makes the DNNA methodol-
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Figure 5. Simplified stratigraphy column showing deposi-
tions throughout epochs. The Carboniferous and Permian in-
tervals are our zones of interest and show biostrom and
bioherm depositions, respectively.
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ogy an ideal candidate for carbonate reef studies
through the multidimensional approach.

Geologic context

We focus on limestone carbonate reservoirs (Fig-
ure 5). Subaerial exposure in terrestrial and coastal
environments has initiated a series of physical, chemi-
cal, and biological processes that have modified the
carbonate rocks. The related karstic process is of para-
mount importance for reservoir enhancement, particu-
larly within Palaeozoic rocks. The setup of potential
reservoirs distributed through karstic galleries is not
clearly identifiable on seismic data due to seismic res-
olution limitations.

The major trapping mechanism involved in the re-
gion is stratigraphic, with the top and lateral seals pro-
vided by overlying shale. Existing wells have shown an
oil presence at the Permian and Carboniferous levels.

The description of the 16 facies groups is shown in Ta-
ble 1. They are derived from facies (e.g., limestone, sil-
icoclastic, bioherm, and biostrom rocks) groups based
on porosity variation and fluid contents.

Combining prestack data and observation at wells in
a heterogeneous environment to predict facies groups,
where no wells are drilled, is challenging. We can ob-
serve AVO effects on carbonates, but these are gener-
ally more subtle (Li et al., 2003) than in a clastic-type
reservoir due to the lower sensitivity of the response
of carbonate rocks to porosity and fluid. In the selected
data, the dominance of class I (Rutherford and Wil-
liams, 1989) anomalies can also make the interpretation
difficult.

The DNNA methodology was applied to carbonate
reefs in two layered reservoirs. Although the basin of
interest is known for containing good-quality, proven
oil and gas reservoirs, the geologic setting has a signifi-

SEG 1 SEG3
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Figure 6. The cross section north-southeast shows poor lateral continuity in Permian and Carboniferous reservoirs.
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Figure 7 (a) Seismic data are of low frequency in the area of interest. Separation of the reservoir units is unclear, Seismic re-
flectors show high energy across the whole section, with no apparent direct hydrocarbon indicator. (b) The seismic spectrum
calculated in the dotted window visible on the I-J section. The central frequency is 20 Hz. The seismic resolution is highly limited.
(¢) Structural map of the top Carboniferous with section line I-J projection.

Figure 8. The reef shape (circled in green) in
the Carboniferous interval is identified in
green through proportional slicing on the sig-
nal envelope attribute. Lateral continuities are
highly exaggerated, however.
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cant impact on risk evaluation and control of the explo- Table 2. Facies group prediction at the well bore. High
tion and development of a field reconstruction rates show the good match at the well
ra F P : after DNNA training.

Results

Facies group determination was performed using
only 13 of the available 22 wells because the method
requires having a full suite of electric logs available
for facies determination purposes. The group of 13
wells was used to analyze lithology distribution as well
as fluid content when reservoirs intersect. In the Per-
mian, bioherm-type depositions have occurred, where-
as in the Carboniferous, we observe biostrom-type dep-
osition. Combining density and neutron porosity logs, SEG20 91.89
gamma ray and sonic, and as M-N plots, allowed the
separation of shale, carbonates of various types, and
their discrimination by porosity. A parallel study was SEG23 71.05
performed at multiwell scale using MRGC to generate

SEG2 74.05

SEG22 74.78

electrofacies. The same logs used for rock typing were SEG25 7368
integrated into the MRGC workflow. The result was in- SEG27 80.99
tegrated with crossplot analysis to determine facies

based on lithology type and porosity. The MRGC ap- SEG3 90.11
proach constitutes a multivariate approach, whereas SEGE 8148
rock typing is a multilog pair analysis method. An

additional MRGC was completed using SP logs and re- SEGS 80.43
sistivity ratios to integrate fluid content information SEGE 75.34

(Table 1). This fluid version of electrofacies was com-
pared to pay flags on existing wells. SEG8 98.31

As shown in Figure 6, the final facies logs consist of
low-resolution groups, takmg into account lithology
type and fluid content. Well sections such as the
north-southeast (Figure 5) show relatively poor lateral
continuities in reservoir bodies and sharp terminations,
as expected in this type of environment. As mentioned,

SEGY 75.81

a) \ ] “ Figure 9. (a) The seismic section on the left
o ¢ "' Gather position at ‘ ” " ” shows a projected gather position in blue.
well SEG 1 “ Corresponding gathers on the right show a
large variation in frequency with angle. The
\. op ol 'anomaly green line corresponds to the top of the
MALLAALLLLMTFYRRRETTP 0o Carboniferous reservoir. (b) Amplitude ver-
m”mulmm”i sus angle response at the green line location
Mmmw N shows the unclean class I effect. (¢) 1D elastic
AT modeled response based on well information.
T it iddiddddaaasd The expected response is materialized at the
ETIORTTTR 1 T green arrow position. The class I effect is vis-
Wetdiaal | '
) Il
” il

_‘«uu

300 ms

W

,m ible but subtle. This behavior explains the
m' dimming of amplitude and phase reversal ob-

served on stacked inline. AVO effects are con-
"" sistent with modelization, despite the fact that
they are subtle.
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Figure 10. Reconstruction rates are high, as
shown in Table 2. (a) Gamma ray track,
(b) neutron-density crossing track, (c) inter-
preted facies group log, (d) predicted facies
group log, and (e) probability log. Associated
maximum probability values are displayed in
last track, showing how confident the predic-
tion is.

~200 m

Om
e — £ S

Figure 11. (a) P-impedance section: As expected, acoustic inversion does not detect contact. (b) Full-stack amplitude section:
Seismic section shows dimming responses at the reservoir. The seismic vertical and lateral resolution makes estimating the res-
ervoir extension difficult. (¢) DNNA facies group prediction: The result of the prediction, using the DNNA approach, is a volume of
the most probable facies. It clearly shows the water contact proven at well 1. The resolution of the facies cube is higher than for
poststack seismic data. The subtle extra information contained in prestack angle gathers has been extracted by DNNA. (d) Map of
top Carboniferous showing cross section A-B projection.

SC28 Interpretation / February 2015

38




KEdIsribution supject 1o deLs leense or copyrignt; see 1erms OI USe at hupi/zuorary.seg.org/

0
~—
o
3
.

m
-

m

Depth index
8

1750

AR EARRERERRN

Figure 12. (a) The most probable facies distribution gives a detailed description of Permian and Carboniferous targets. Based on
facies group definition at wells, DNNA has been able to clearly redistribute facies consistently with the stratigraphic unit. The
geologically consistent oil/water contact increases confidence in the result. We can observe how the shape of the Carboniferous
reservoir (bottom) correlates with the karstic galleries hypothesis. (b) Base Carboniferous map, showing cross-section projection

east-west in black.

seismic data have low frequencies; therefore, the verti-
cal resolution does not allow for the separation of dif-
ferent deposition units (Figure 7).

An initial study would consist of performing a
seismic attribute analysis from seismic volumes. Com-
putations of signal envelope, instantaneous frequency,
and frequency-weighted amplitudes have helped map
the lateral extension of the reef. However, the inner
composition of the reef is not detailed and it would
not allow the derisking of any well plan. The lack of
reservoir continuity observed at wells is not honored
by seismic attributes, which show either exaggerated
continuities (Figure 8) or dimming responses due to
class I reservoir type (Figure 9). Seismic attributes
and inversion have proved to be of limited use in de-
scribing the bodies of interest, because amplitude
and frequency do not significantly vary laterally in
the area of interest. Detailed facies differentiation
was not possible; therefore, uncertainty about reservoir

extension and connections, thickness, and gross vol-
ume remains high. In the rest of the article, we demon-
strate the use of DNNA that will add the ability to
correlate the full collection of gathers with facies
groups and extrapolate them at the prospect level, with
an estimated probability of success.

Training of democratic neural network associa-
tion and quality control of predictive aptitudes

Facies logs from 13 wells and time-migrated angle
gathers are used for DNNA training. The quality control
of DNNA predictive capabilities is showing promising
results because it combines low bootstrap error values
(0.3 + 0.05) with good reconstruction rates at wells (Ta-
ble 2). Thin beds are not reconstructed with exact thick-
ness and become the main source of prediction errors
along well bores. Reservoir facies groups are well re-
constructed, as shown by associated probability values
(Figure 10).
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Probabilistic propagation of facies groups

The most probable facies distribution by DNNA is
summarized in a lithology cube, in which each value
at a given (a-, y-, and 2-) position corresponds to the
most likely facies distribution predicted, i.e., each fa-
cies associated with its highest probability value.

Figure 11 shows the poststack seismic response and
acoustic impedance compared to facies group predic-
tion. Analysis of the results shows higher lateral and
vertical detail than that provided by conventional attrib-
utes and seismic inversion. The distribution of Permian
and Carboniferous facies groups is consistent with the

SEGS SEG 17

SEG 17 SEG3

Figure 13. Cross section east-west from Figure 12 is used to
display probability values of the biostrom reservoir facies
groups. The probability values bring a strong quality control
tool to assess prediction certainty. Facies group probabilities
are compared to facies reconstruction rates and probabilities
along the well bore. Signatures in the facies probability distri-
bution give a good, consistent quality indicator. (a) Probability
of biostrom high-porosity oil reservoir, (b) probability of bio-
strom medium-porosity oil reservoir, and (c¢) Probability of bi-
ostrom low-porosity oil reservoir.

structural interpretation, and the lateral discontinuities
observed on cross sections such as the east-west (Fig-
ure 12) are respected in the DNNA facies group predic-
tion. A water contact is clearly identified (Figures 11
and 12), and the reservoir position is consistent with
AVO anomaly locations (Figure 11). The lateral continu-
ity of reservoir bodies respects discontinuity observa-
tions. At the same time, the shape of the reservoir
conforms to the karstic gallery hypotheses in the
area.

As described in the methodology, DNNA outputs fa-
cies group probability values for each (-, y-, and 2-)
location (Figure 13). These probability values, cali-
brated to wells, can be used directly in a 3D geologic
model to generate multiple realizations. Figure 14
shows the distribution of facies group four (good-poros-
ity biostrom oil in the Carboniferous reservoir) for the
most pessimistic scenario and the most likely scenario.
The distribution of a good oil reservoir shows patches
of high-porosity zones that can be detected using prob-
ability values and the most probable facies group vol-
ume. This confirms the initial geologic hypothesis
about the zone, Reservoir properties can be modeled,
taking into account seismic and well-based lithology
and fluid definition. Therefore, the multiscenario-based
approach is used for assessing uncertainty of facies dis-
tribution. This latter methodology was used to accu-
rately estimate net volumes in this case study (Hami-
Eddine et al., 2013).

Conclusion

The determination of reservoir extension and inter-
nal description is highly challenging in a carbonate envi-
ronment. It is crucial to use all available data to extract
maximum information. It is equally crucial to capture
the geoscientist’s input and understanding of the geol-
ogy. The DNNA approach combines the ability to per-
form a multidimensional analysis of seismic data with
the analysis of well-based facies interpretation. We
show that the introduction of soft data during the train-
ing process provides the ability to stabilize the result
and reduce bootstrap error rates. The results obtained
on this carbonate reef are consistent with geologic hy-
potheses and with wells that were used for blind testing.
The most probable facies volume shows geologically
reasonable facies group lateral distribution and thick-
ness. The analysis of the probability distribution gives
good insight into prospect uncertainty and seismic data
reliability for prediction. The probability volumes can
be used to evaluate risk on volumes and contribute
to target rating.

In other words, DNNA performs facies inversion
based on lithologs and seismic data, and is a robust al-
ternative to conventional approaches. The addition of
lithology probabilities directly based on well observa-
tions will help to reduce uncertainty in reservoir pro-
specting and qualification.
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Figure 14. Multiscenario realization of reservoir hypothesis based on probability distributions. The most probable scenario
fitted at best the four blind well testing performed in this study. (a) The most pessimistic case in which only good-porosity
oil reservoirs were kept if the probability value was greater than 0.9. (b) The most probable geobody detection for good-porosity

oil reservoirs.
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TYPE LOGS OF SOUTH TEXAS FIELDS by Corpus Christi Geological Society
NEW (2009-2010)TYPE LOGS IN RED; *****2011;

ARANSAS COUNTY
Aransas Pass/McCampbell Deep
Bartell Pass

Blackjack

Burgentine Lake

Copano Bay, South
Estes Cove

Fulton Beach

Goose Island

Half Moon Reef

Nine Mile Point
Rockport, West

St. Charles

Tally Island

Tract 831-G.O.M. (offshore)
Virginia

BEE COUNTY
Caesar

Mosca

Nomanna

Orangedale(2)
Ray-Wilcox

San Domingo

Tulsita Wilcox
Strauch_Wilcox
BROOKS COUNTY
Ann Mag

Boedecker

Cage Ranch

Encintas

ERF

Gyp Hill

Gyp Hill West

Loma Blanca

Mariposa

Mills Bennett

Pita

Tio Ayola

Tres Encinos
CALHOUN COUNTY
Appling

Coloma Creek, North
Heyser

Lavaca Bay

Long Mott

Magnolia Beach
Mosquito Point

Olivia

Panther Reef
Powderhorn

Seadrift, N.\W.
Steamboat Pass

Webb Point

S.E. Zoller
CAMERON COUNTY
Holly Beach

Luttes

San Martin (2)

Three Islands, East

Vista Del Mar
COLORADO COUNTY
E. Ramsey
Graceland N. Fault Blk
Graceland S. Fault Blk
DEWITT COUNTY
Anna Barre

Cook

*****Nordheim
Smith Creek

Warmsley

Yorktown, South
DUVAL COUNTY
DCR-49

Four Seasons

Good Friday

Hagist Ranch

Herbst

Loma Novia

Petrox

Seven Sisters

Seventy Six, South

Starr Bright, West
GOLIAD COUNTY
Berclair

North Blanconia

Bombs

Boyce

Cabeza Creek, South
Goliad, West

St Armo

Terrell Point
HIDALGO COUNTY
Alamo/Donna

Donna

Edinburg, West
Flores-Jeffress

Foy

Hidalgo

LA Blanca

McAllen& Pharr

McAllen Ranch
Mercedes

Monte Christo, North
Penitas

San Fordyce

San Carlos

San Salvador

S. Santallana

Shary

Tabasco

Weslaco, North
Weslaco, South
JACKSON COUNTY
Carancahua Creek
Francitas

Ganado & Ganado Deep
LaWard, North

Little Kentucky

lost now found

Maurbro MCMULLEN COUNTY
StewartSwan Lake Arnold-Weldon

Swan Lake, East Brazil

Texana, North Devil's Waterhole

West Ranch Hostetter

JIM HOGG COUNTY Hostetter, North
Chaparosa NUECES COUNTY
Thompsonville,N.E. Agua Dulce (3)

JIM WELLS COUNTY Arnold-David

Freebom Arnold-David, North
Hoelsher Baldwin Deep

Palito Blanco Calallen

Wade City Chapman Ranch
KARNES COUNTY Corpus Christi, N.W.
Burnell Corpus Christi West C.C.
Coy City Encinal Channel

Person Flour Bluff/Flour Bluff, East
Runge GOM St 9045(offshore)
KENEDY COUNTY Indian Point

Candelaria Mustang Island

Julian Mustang Island, West
Julian, North Mustang Island St.
Laguna Madre 889S(offshore)

Rita Nueces Bay/Nueces Bay
Stillman West

KLEBERG COUNTY Perro Rojo

Alazan Pita Island

Alazan, North Ramada

Big Caesar Redfish Bay

Borregos Riverside

Chevron (offshore) Riverside, South

Laguna Larga Saxet

Seeligson Shield

Sprint (offshore) Stedman Island

LA SALLE COUNTY Turkey Creek
***Pearsall REFUGIO COUNTY
LAVACA COUNTY Bonnieview/Packery Flats
Halletsville Greta

Hope La Rosa

Southwest Speaks Lake Pasture
Southwest Speaks Deep Refugio, New

LIVE OAK COUNTY Tom O’Connor

Atkinson SAN PATRICIO COUNTY
Braslau Angelita East
Chapa Commonwealth

Clayton Encino

Dunn Enos Cooper

Harris Geronimo

Houdman Harvey

Kittie West-Salt Creek Hiberia

Lucille Hodges

Sierra Vista Mathis, East

Tom Lyne McCampbell Deep/Aransas Pass
White Creek Midway

White Creek, East Midway, North
MATAGORDA COUNTY  Odem

Collegeport

Plymouth

Portilla (2)

Taft

Taft, East

White Point, East
STARR COUNTY
El Tanque

Garcia

Hinde

La Reforma, S.W.
Lyda

Ricaby

Rincon

Rincon, North

Ross

San Roman

Sun

Yturria

VICTORIA COUNTY
Helen Gohike, S.W.
Keeran, North

Marcado Creek
McFaddin

Meyersville

Placedo

WEBB COUNTY
Aquilares/Glen Martin
Big Cowboy

Bruni, S.E.

Cabezon

Carr Lobo

Davis

Hirsch

Juanita

Las Tiendas

Nicholson

O’Hem

Olmitos

Tom Walsh
WHARTON COUNTY
Black Owl

WILLACY COUNTY
Chile Vieja

La Sal Vieja

Paso Real

Tenerias

Willamar

ZAPATA COUNTY
Benavides

Davis, South
Jennings/Jennings, West
Lopeno

M&F

Pok-A-Dot

ZAVALA COUNTY
El Bano

Call Coastal Bend Geological Library, Maxine: 361-883-2736

I log -- $10 each, 5-10 logs $9 each and 10 + logs $8.00 each — plus postage. & paper
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OIL MEN
TALES FROM THE SOUTH TEXAS OIL PATCH
DVD
MEMBER PRICE $25
NON-MEMBER $30

IIII. MEII

TALES FROM THE SOUTH TEXAS ©

To Order DVD
Sebastian Wiedmann
swiedmann.geo@gmail.com

If mailed add $5.00
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Wooden Rigs—Iron Men
The Story of Oil & Gas in South
Texas
By Bill & Marjorie K. Walraven
Published by the
Corpus Christi Geological Society

Co

rpus Christi Geological Society

C/O Javelina Press
P. O. Box 60181

Co

rpus Christi, TX 78466

Order Form

Mail order form for Wooden rigs-Iron Men. The price is $75 per copy,
which includes sales tax, handling, and postage
Name

Address

City, State, Zip

No. of books Amount enclosed
Send to Corpus Christi Geological Society Book Orders

P. O. Box 60181
Corpus Christi, TX. 78466  Tax exempt# if applicable



TOG Exploration LLC
David Becker

Geologist

600 Leopard St. Ste 706
Corpus Christi, TX 78401

dkbecker1137@sbcglobal.net

361-884-3613

Barbara E. Beynon, P.G.
Consultant
Environmental/ Oil and Gas

(361) 774-3369

Bbeynon??@yahoo com

\o 7
\ s .
~/7/ X\~ Dawn S. Bissell
—— Geoscientist
/"/—

Advent Geoscience Consulting, LLC
Corpus Christi, TX 7841 |

Phone: 361-960-215I
Email: bissells@swbell.net

#/MUD LOGGING SERVICE

Since 1961

MIKE BULLARD

(361) 221-9717 Office (361) 211-9715 Fax
(361)522-1245 Cell P.O. Box 1011

§\E-Mail md_bullard@sbcglobal.net Kingsville, Tx 78363

. Elizabeth Chapman

Business development/marketing

SEISMIC SOLUTIONSg

11777 Katy Freeway, Ste 570 ' Houston, TX 77079
281.977.7432 ext 109 281.829.1788
713.817.4232 elizabeth@flamingoseismic.com

James L. Claughton
CONSULTING GEOLOGIST

Office | 361-887-2991 615 North Upper Broadway

Fax | 361-883-4790 Suite 1935
Cell | 361-960-2014 Corpus Christi, Texas
clausoie@sbcglobal.net 78401-0779

Jim Collins

.
b 7 | Imagine Resources, LLC TOM DAVIDSON
Geoscientist i GEOLOGIST
Frank G Cornish
V President/Consulting Geologist
5103 Turnabout Lane 28550 TH-10 WEST SUITE #4
Austin, Tx 78731 BOERNE, TEXAS 78006
BUS: (210) 844-8963
361.537.4034 361-563-9184 RES: (830) 981-5883 e
- L 3 frank.cornish@gmail.com FAX: (830) 981-5567 E-MAIL
jim@gulfcoastgas.com CEL: (210) 844-8963 tomgeo@gvtc.com
G tech Leighton L. Devine
s E I M AX Exploration Geologist
Logging Service:
TREHNOL00LES Brian Desaulnfer SUEMAUR
Sara Davis Owner / President

Director of Marketing & Business Development

stway Park Blvd., Houston, TX 77041
54,4301 d: 832.554.4314 c: 713.256.8737
sdavis@seimaxtech.com

512.923.2059

brian@gtls.us

P.0. Box 305 Office:512.308.8200
Red Rock, TX 78662 Fax:830.839.4832
www.geotechloggingservices.com

Experience. Expertise. Exploration.

p- 361-884-8824 x1103
¢. 361-510-8872
ldevine@suemaur.com

Suemaur Exploration & Production, LLC
539 North Carancahua, Suite 1100
Corpus Christi, TX 78401

Tommy Dubois
Geologist

2627 CR 312
Yoakum, Texas 77995

361-215-0223 tvdubois@yahoo.com

S l/ FRONTERA EXPLORATION CONSULIANTS

A\ Geological ar}d Geophysical Interpretation
SMT Kingdom™ Workstation

THOMAS E. EWING, PH.D.
AAPG CPG #4538, Texas Lic.Geol. #1320

19240 Redland Road, Suite 250, San Antonio, TX 78259
Since (210) 494-4526; (210) 824-6423 FAX
1982 tewing@fronteraexploration.com

FOX ENVIRONMENTAL SERVICES, LLC

PLANNING | PERMITTING | REAL ESTATE MARKETING MAPS

LAURA M. FOX
LAURA@FOXENVIRONMENTALSERVICES.COM

P.O. Box 745
ROCKPORT, TEXAS 78381

361.319.3119

MATTHEW FRANEY

= Consulting Geologist

AAPG Certified Petroleum Geologist #6342
Texas Licensed Professional Geologist #1169

FRANEY OIL OPERATIONS, INC.
600 Leopard Street, Suite 904 361-563-6327
Corpus Christi, TX 78401 mfraney57@att.net

E nrlque (Rick) Garza

i SUDEr i

Gy Hoad
 Teas 77489 USA

Grsuzn Brormers Losamwe Co., Inc.

P.O. BOX 485

RUNGE, TX 78151
106 E. MAIN

Wes Gisler
Bus. (830) 239-4651

Mobile (361) 676-1369 wes@gislerbrotherslogging.com

YOUR CARD COULD BE HERE!!!

$30 FOR 10 ISSUES AD. PRICES PRO-RATED. EMAIL ROBBY AT ROBERT.STERETT@GMAIL.COM.
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Robert Graham Phone 361-882-7681

orexploraon@gmil com Call 17743635 HART EXPLORATION, LLC.
3 RAY GOVETT, Ph. D. G r I nC RICK HART
“= CONSULTING GEOLOGIST . Geologist / Owner
361-855-0134 Mail: v & Davaiop oftice:
P. O. Box 1843 606 N. Carancahua, Ste. 610 PO. Box 3576 Cell: 512-626-3053
?&rggig:\gsll. Texas Corpus C;\g:gi :Tg;g: Bandera, Texas 78003 Email: hartexploration @aol.com
RIVIERA EXPLORATION, LLC Brent F. Hopkins
Chuck Henry President and Chicf Executive Officer

H. TONY HAUGLUM

President
600 LEOPARD ST.
SuITE 1704 PHONE 361.884.1811
CORPUS CHRISTI Fax 361.884.8071
TEXAS 78401 E-MAIL THAUGLUM@SWBELL.NET

Vice President, Geosciences

T713.623.7139 M713.501.8575

n chenry@frostwoodenergy.com
3 frostwoodenergy.com
> A

SUEMAUR

Experience. Expertise. Exploration

p- 361-884-8824 x1101 Suemat

361-215-4855

bhopkins@suemaur.com

James R. Jones
Geologist

7434 Long S Drive
Corpus Christi, TX 78414
361-779-0537
jrjones5426@aol.com

@Saog resources
EOG Resources, Inc.
539 '.‘Ii - o‘
Corpus Chr I 0908
Randy Lambert Direct: (361) B67-2681

Geological Adwsor

Fax: (361) Béd-1548
randy_lambemleogresources. com

CURTIS R. MAYO
GEOLOGICAL CONSULTANT

Reserve Analysis Prospect Evaluation

Expert Witness Prospect Generation

Fredericksburg, Texas 78624
Office: 830.992.2938 Cell: 830.765.0628 E-Mail: cmayo@ctesc.net

emerald bay

PATRICK J. McCULLOUGH [President]

patrickm@emeraldbayexp.com

311 Saratoga Boulevard Corpus Christi, Texas 78417
361.852.6195 [o] 361.852.6676 [f] 361.876.7881 [c]

VALOR EXPLORATION, LLC

Armando Medina
Owner / Geologist

8610 N. New Braunfels #703 ¢ San Antonio, TX 78217
(210) 538-2170 + amedina@valorexploration.com

J. Mark Miller
President

Phone (361) 883-7700

Fax (361) 883-7701
mark@millersmithgas.com
545 N. Upper Broadway
Suite 400

Corpus Christi, Texas 78476

Wellhead Gas Marketing

GeoGraphix

mmixon@Imkr.com

P: +1281 495 5657

D: +1281 848 3310

- C: +1713419 8918
e Mark Mixon F: +1281 8790135

Account Manager
Ecount Manage LMK Resources Inc.

6051 North Course Drive, Suite 300,
Houston, TX 77072, USA

vard, Ste. 640

ME

MUELLER EXPLORATION, INC
ontact Address
Southwest F

J. Paul Mueller, Jr.

President

pmueller@muelrexp.com

wvww.muelrexp.com

EU OIL & GAS, L.L.C.

—

Daniel J. Neuberger

Geologist and President

Office (361) 548-7723
Home (512) 306-122
dan@necuoilandgas.com

Austin Office
712 Windsong Trail
West Lake Hills, Texas 78746

Patrick Nye
President
patrick@nyexp.us

NYE

Exploration & Production, LLC

Ken Orlaska
Account Manager

781-497-8440

Direct: 281-248-5051

Fax: 281-558-80%

Cell: 832-455-18138

e-mad: korfaska@ygeotrace con
12141 Wickchester Lane, Suite 200
Houstos, Texas 77078

www geotrace com

YOUR CARD COULD BE HERE!!!

$30 FOR 10 ISSUES AD. PRICES PRO-RATED. EMAIL ROBBY AT ROBERT.STERETT@GMAIL.COM.
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Herradura
Petroleum, Inc.

JerF OsBorN
Geologist
711 N. Carancahua, Ste. 1750 Office: 361-884-6886
Corpus Christi, Texas 78475 Fax:361-884-9102
e-mail:jefi@herradurapetroleum.com Cell:361-537-2149

RICHARD E. PAIGE
CHIEF PROJECT GEOLOGIST

OFF: (361) 884-8824 (ext. 1121)
CELL: (361) 563-1517

HOME: (361) 887-1912
fpaige@suemaur.corn

539 N. CARANCAHUA, SUITE 1100
CORPUS CHRISTI, TEXAS 78401-0999

Richard M. Parker

Consulting Geologist
Adjunct Professor — Geosciences
Texas A&M University - Kingsville
Registered State of Texas Board of Professional Geoscientists
License # 6056

12802 Max Rd.
Brookside Village, Texas 77581
Email: rparkstar@sb: al.ne
Email: Richard.Parker:

713-724-4380 Cell 1
713-206-3158 Cell 2
281-412-0745 Home
361-593-4072 A&M

n)ukldu

Beth Priday
Geologist

615 North Upper Broadway
Suite 525, WF168

Corpus Christi, Texas 78401
Bus (361) 882-3046

Fax (361) 882-7427

Minerals Exploration and Mining
Uranium In Situ Leach

Richard M. Rathbun, Jr.
Certified Professional Geologist 9544 / AIPG

921 Barracuda PL

(361) 903-8207
Corpus Christi, Texas 78411

rathbunassoc@msn.com

PN
|\§:ARQ§ O anp Gas, Inc.
SExs

Barry J.Rava
President

Mobile: 281-235-7507
Office: 713- 621-7282

P.O.Box 820253
Houston, TX 77282-0253

Deliveries
1710 S. Dairy Ashford Rd., Ste. 202
Houston, TX 77077

barry@icarusog.com
www.icarusog.com

First Rock, Inc.
RGR Production

First Rock I, LLC

Gregg Robertson

Email
600 Leopard St., Suite 1800 firstrockinc@msn.com
Corpus Christi, TX 78401 Cell
361-884-0791 210-260-0300

Wireline Services

A 4
Weatherford

Weatherford International Ltd.
401 E. Sonterra Blvd., Suite 1
San Antonio, Texas 78258
USA

+1.210.930.7588 Direct
+1.210.930.7610 Fax
+1.210.241.2463 Mobile

Sam Roach
US Guld Coast Wireline Sales

sam.roach@weatherford.com
www.weatherford.com

1oN

GEOVENTURES®

+1 713 789 7250
+1281 781 1065
+1713 789 7201
V = +1832 372 2366
alvin.rowbatham@iongeo.com

Alvin Rowbatham

2105 CityWest Blvd. | Suite 900
Houston, TX 77042-2839 USA

DS3K

E N E R G Y

Doug Sartoris

Exploration Geologist / Managing Partner
800 North Shoreline Blvd. | Office: 361 884-1130
Suite 2570 South Cell: 361-548-1130
Corpus Christi, TX 78401 doug@dsxenergy.com

Ofc. (432) 563-0084
(800) 578-1006
Cell (432) 288-2259

TOM SELMAN
selmanlog.com
tselman@selmanlog.com

SELMAN

AEEsEs—— AND ASSOCIATES, LTD.

GEOLOGICAL CONSULTING / SURFACE LOGGING SERVICES

P.0. Box 2993
Rock Springs, WY 82902

P.0O. Box 61150
Midland, TX 79711

4833 Saratoga #624
Corpus Christi, TX 78413

Joe H.Smith
President

Velocity Surveys - Synthetics - Sonic Log Data

713.560.9733
jsmith@petrophysics.com
www.petrophysics.com

P.O.Box 863323
Plano, Texas 75086

Crossroads Exploration

Gloria D. Sprague
Geologist

189 North First Street, Suite 111 Office: 936-254-3600
Timpson, Texas 75975 Mobile: 936-488-9428

gsprague4532@att.net

DAHCO [7 LORATION, LLC

/

ROBBY STERETT
GeoLoa

Charles A. Sternbach, Ph.D

President

Star Creek Energy Company

QOil and Gas Exploration

800 Wilcrest Drive, Suite 230
Houston, Texas 77042

office: 281.67'
cell: 832.56 33

carbodude@gmail.com

THOMAS W. SWINBANK

CERTIFIED PETROLEUM GEOLOGIST
PRESIDENT

STRIKE OIL & MINERALS CORP.
P.O. Box 1339
GEORGETOWN, TEXAS 78627

PHONE/FAX 512-863-7519
HOME 512-863-7903
CELL 512-876-9585

Dennis A. Taylor
President and Chief Geologist
dennis@amshore.com

Off: (361) 888-4496

Fax: (361) 888-4588

s Direct Line: (361) 844-6728
\*’ Cell: (972) 672-9916

AMERICAN SHORELINE, INC.
AMSHORE US WIND, LLC

802 N. Carancahua Street, Suite 1250
Corpus Christi, Texas 78401-0019

www.amshore.com

Enivunimental Explaration L Productivn
JEANIE TIMMERMANN

GEOSCIENTIST
TX LICENSE #2289

7214 Everflast #9
Carpus Chlristi, T 75413

(361) 991-7451
ftinumevmanni F@mon com

YOUR CARD COULD BE HERE!!!

$30 FOR 10 ISSUES AD. PRICES PRO-RATED. EMAIL ROBBY AT ROBERT.STERETT@GMAIL.COM.
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Jim Travillo

Senior Geoscientist

1330 Post Oak Boulevard

Suite 600

Houston, Texas 77056
Davis E

713.626.7775

Petroleum 3
Corp. Cell:  713.823.9332

jtravillo@davcos.com

AusTiv
512.457.8711

ENERGY.» FEEIPRIVAIEY]

fax: 512.457.8717

WiLLiam A. WALKER, JR. Housron

Certified Petroleum Geologist 7138.522.2733
B cell: 512.217.5192
* Houston, TX 7701 fax: 713.522.2879

bwalker@stalkerenergy.com
1717
2001 Krs

SEBASTIAN P. WIEDMANN
GEOSCIENTIST

1425 Drirtwoon Prace
Corrus Christ, Texas 78411 Mot (361) 946-4430
swiedmann. geo@gmail.com

10N

GEOVENTURES®

Dave Willis 1 +1713 789 7250
nshore Sales Direct  +1 281 781 1035

e +1281543 6189

+1 713 789 7201

dave.willis@iongeo.com

2105 CityWest Blvd. | Suite 900

Houston, TX 77042-2839 USA

ROLF WOODS
Exploration Geologist

500 N. Water St,, Ste. 11008 — CORPUS CHRISTI, TX 78401-0236
Work: (361) 883-7464 + Fax: (361) 883-3244 = Cell: (361) 947-9200
¢-mail: wrwoods(@gmail.com
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