SPWLA
GLOBAL
DISTINGUISHED
SPEAKER

2090 — 2021
LU —

SPWLA Global Distinguished Speaker

What have we learned from petrophysical evaluation of
the Vaca Muerta formation during the last 7 years of
unconventional shale play exploration and development?

Alberto César Ortiz, Technical Director NZC Solutions
E-mail: alberto.ortiz@nzcsolutions.com

Phone: +54 911 54133662

SPWLA Distinguished Speaker Series 2020-2021



Introduction

DEL SUR

= Mar de
: : Groenlafidia o
U Fasaude| Groenlandia Islandia
Dinamarce o
Alemania
i Italia
- Porlupd RIO GRANDE
‘Océano Tiinez DEL SUR

‘Atlantico Marruecos
£ l;!'hia

SPWLA Distinguished Speaker Series 2020-2021




Outline

* Introduction

 Reservoir heterogeneity

* Mineralogy

 Maturity (solid & liquid)

* Water saturation

* Pore system characterization
e Data analytics

e Summary

r
4

‘_\
= \\-\

SPWLA Distinguished Speaker Series 2020-2021



Reservoir heterogeneity

Central well
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Standard vs High resolution synthetic TSI
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Mineralogy
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Petrophysical model

NMR Standard T2 X X
Density / Neutron X
TRA (Retort based) X
GRI (Solvent based) X

Quartz
Feldspar
Plagioclase
llite
Smectite
CBW
Heavy Hydrocarbon

Minerals Insoluble OM ) Hydrocarbons
Matrix ' Fluids

PHIT
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Porosity - Shale oil well
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Maturity indicators
" coor | soidon | viiss

Vitrinite Reflectance X
Hydrogen Index X X
Tmax X
GOR X
° API X
Electrical Logs X X
C12vs C13 X
Wetness (mud Logging) X
Wetness (production) X
DRIFT X ==
Raman Spectroscopy X :
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Raman Maturity

Vitrinite Reflectance Equivalent Maturity from

Raman
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Modified from Ortiz et al., 2019 %
URTeC: 425 |UNCONVENTIGNAL oo : T e
Raman Spectroscopy Based Maturity Profiling of the Vaca Muerta From Ortiz et al., 2019 ZER \

Formation, Neuquén Basin, Argentina

Alberto Ortiz!, Bastian Sauerer*?, Jean-Paul Lafournére?, Pablo Saldungaray?, Wael
Abdallah? 1. YPF S.A., 2. Schlumberger.
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Maturity Inversion
Shale Gas well Shale Oil well

= Cumulated variables o Cumulated variables
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Water from logs & core

Dielectric
NMR T1T2 X
Resistivity Archie based X w/ caution
TRA (Tight Rock Analysis) X
GRI (cas Research Institute) X
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Rh
Ohm.m

Horizontal res. in Lower VM

10000 PIEN . O
US shales ,/ \ o/ \‘
1000 , . / \
/ \
100 p \ :’ \
7 \ \
2.5 2 1.5 1 0.5

From Ortiz et al, 2018
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Pyrite wt %

Resistivity reversal

Shale gas Shale oil
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RH and RV vs. Ro

\

Clay conductivity
Water

“taminatecpyrite—
Ash beds

Maturity (pore
tortuosity & wettability)

Resistivity anisotropy
Shoulder beds effect

Incipient graphitization

Ro RH RV/RH Tool

Ohm.m Ratio *
Well 19 2,25 8 N/A Array induction
Well 18 1,60 17 9 3D induction .
Well 17 1,55 20 N/A Array induction
Well 16 1,55 19 N/A Array induction
Well 15 1,45 18 9 3D induction °
Well 14 1,42 13 N/A Array induction
Well 13 1,30 10 N/A Array induction
Well 12 1,30 20 N/A Array induction
Well 11 1,22 18 N/A Array induction *
Well 10 1,20 51 4 3D induction
Well 9 1,08 75 N/A Array induction .
Well 8 0,90 71 5 3D induction
Well 7 0,87 214 N/A Dual Induction
Well 6 0,70 >1000 N/A Dual Induction ¢
Well 5 0,50 >1000 N/A Dual Induction
Well 4 0,37 >1000 N/A Dual Induction
Well 3 <0,3 17 N/A Dual Induction
Well 2 <0,3 16 N/A Dual Induction
Well 1 <0,3 4 N/A Dual Induction

From Ortiz et al, 2018
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SW

Sw methods
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Pore system characterization

NMR T1T2 X
SEM X
NMR T1T2 low and high frequency X
SGA X
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PSC shale oil well
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Data Analytics

Well C Well A
C B A ) Total Water Total Water
Mineral volumes 000 Variable , -
s (Petrophysical interpretation) pl‘ediCtion = - =
©
(=]
Volume pore —fluid =
(Maps T1T2 - NMR) ‘ ‘ ‘ 3
Multivariable analysis O Modelo SVR =3
=y (Correlation matrix) _
£ =
3 Variable predlctlon ——
- =i
oo I ottos =
[ —
[72) ———
= Well prediction Modelo SVR = —
- =
Modelo SVR =
2 =
[’
= : =
: Result Analysis X Xo = -

e NMRT1T2 == Synthetic = Dielectric
Modified from Bernhardt et al 2018, CONEXPLO
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Summary

Heterogeneity at all scales must be considered when characterizing VM.

Heavy oil components matter when calibrating core to log for porosity and oil
in place estimation.

Resistivity free methods such us dielectric or T1-T2 NMR are preferred for
SW calculation.

PSC matters but must be done with appropriate upscaling.

Data Analytics could be a powerful tool to understand rock-fluid anomalies.

SPWLA Distinguished Speaker Series 2020-2021



References & Suggested papers

Anand, V., M. R. Ali, A. Abubakar, R. Grover, O. Neto, I. Pirie, and J. G. Iglesias, 2016, Unlocking the
potential of unconventional reservoirs through new generation NMR T1/T2 logging measurements integrated
with advanced wireline logs: Society of Petrophysicists and Well-Log Analysts.

Bernhardt, C., Ortiz, A., and Gonzalez Tomassini, F., 2017, Interpretacion Petrofisica de detalle en la
Formacién vaca Muerta a partir de datos de testigo de roca y perfiles de ultima generacion. El Problema de
la calibracidn roca/perfil: 20° Congreso Geologico Argentino, Tucuman, Argentina 7—11 de agosto. pg. 8-15.

Bernhardt, Carolina, Ortiz, Alberto YPF S.A.; Gallart, Diego Y-TEC S.A.; Saldungaray, Pablo, Schlumberger,
Analisis Multivariable para la caracterizacion de fluidos y del sistema poral en la formacion Vaca Muerta.

Brisson I., M. Fasola & H. Villar, 2019: Theme 2: Vaca Muerta Play: An integrated view. Organic Geochemical
Patterns of Vaca Muerta Shale, Neuquén Basin, Argentina, AAPG ICE 2019 Congress, 27-30 August 2019,
Buenos Aires , Argentina.

B. Sauerer, P. R. Craddock, M. D. Aldohani, K. L. Alsamadony, W. Abdallah, "Fast and Accurate Shale
Maturity Determination by Raman Spectroscopy Measurement with Minimal Sample Preparation”,
International Journal of Coal Geology 2017, 173, 150-157

SOCIETY OF

SPWLA Distinguished Speaker Series 2020-2021




References & Suggested papers

Craddock, P. R., L. Mossé, C. Bernhardt, A. C. Ortiz, F. G. Tomassini, |. C. Pirie, P. Saldungaray, and A. E. Pomerant
2018, Matrix-adjusted shale porosity measured in horizontal wells: Petrophysics, vol. 59, pg. 288-307.

Crousse, L., S. Cuervo, D. \Vallejo, L. Mosse, T. Fischer, and D. McCarty, 2015,
Unconventional shale pore system characterization in El Trapial Area, Vaca Muerta, Argentina: Unconventional
Resources Technology Conference, San Antonio,Texas, 20-22 July,DOI: 10.15530/ URTEC-2015-2154603,
accessed March 8, 2019, http:// archives.datapages.com/data/urtec/2015/2154603.html.

Crousse, L., L. Mosse, T. Fischer, and N. |. Lanusse, 2018,Vaca Muerta pore system.
What we've learned? in Simposio Evaluacibn de  Formaciones: 20° Congreso  Argentino de
Exploracidn y Desarrollo de Hidrocarburos IAPG: Mendoza, Argentina.

Dominguez Dominguez, Ricardo Fabiana, Catuneanu, Octavianb, Reijenstein, Hernanc, Notta, Rauld, and
Posamentier, Henrye 2019 (in press), AAPG Memoir 120 (tentative number)—Integrated Geology of Unconventionals:
The Case of the Vaca Muerta Play, Argentina

Handwerger, D. A., J. Keller, and K. Vaughn, 2011, Improved petrophysical core measurements on tight shale
reservoirs using retort and crushed samples: Society of Petroleum Engineers, DOI: 10.2118/147456-MS.

Jausoro Ignacio, Federico Medina, Alejandra Floridia, Bernarda Epele, Mariano Cipollone, Nicolas Santillan, ==
Alberto Caneiro Maria Jimena Rodriguez, Federico Gonzalez Tomassini, Porosity determination, pore size distributio
and mineralogy phase analysis in Vaca Muerta Fm. samples by SEM techniques, AAPG Congress 2019, Buenos Aire
Argentina.

SPWLA Distinguished Speaker Series 2020-2021



References & Suggested papers

Marchal, Denis & Gonzalez, Gabriela & Dominguez, Ricardo. (2016). Analisis Mineraldgico de la Fm. Vaca Muerta (Mineralogicza
Muerta Fm.). In book: Transecta Regional de la Formacién Vaca Muerta. Integracién de sismica, registros de pozos, coronas y a
1ra, Chapter: 4, Publisher: IAPG (Instituto Argentino del Petroleo y del Gas), Editors: Gabriela Gonzalez, Maria Dolores Valleja
Denis Marchal, Patricio Desjardins, Federico Gonzalez Tomassini, Laura Gomez Rivarola, Ricardo Fabian Dominguez, pp.33-43

Mosse, L., Craddock, P. R., Rylander, E., Ortiz, A., and Bernhardt, C. 2016, Fluid typing and maturity index from logs: A ne
petrophysical evaluation of organic-rich mudrock: Unconventional Resources Technology Conference, San Antonio, Texas, US
DOI: 10.15530/URTEC-2016-2461837, accessed March 8, 2019, https://library.seg.org/doi/abs/10.15530/urtec-2016-2461837.

Ortiz, A., L. Mosse, C. Bernhardt, V. Anand, R. Kausik, and E. Rylander, 2017, Characteristics of Vaca Muerta Formation revealed
T2 logging at large scale: Society of Petrophysicists and Well-Log Analysts.

Ortiz, A., Bernhardt, C., Gonzalez Tomassini, F., Cumella, S., Saldungaray, P., and Mosse, L., 2018, Causes of resistivity reversal in
Muerta Formation, Argentina: Unconventional Resources Technology Conference, Houston, Texas, USA, 25-25 July, DOI: 10.15530
2018-2901804, accessed March 8, 2019, hitn //archives dalapages . com/data/urtec/20718/2907804 himl.

Ortiz, Alberto, Carolina Bernhardt, Luisa Crousse, Dolores Vallejo, and Laurent Mosse, Theme 2: Vaca Muerta Play: An int
Reservoir Properties of the Vaca Muerta Formation. , AAPG ICE 2019 Congress, 27-30 August 2019, Buenos Aires , Argentina

SOCIETY OF

SPWLA Distinguished Speaker Series 2020-2021


http://archives.datapages.com/data/urtec/2018/2901804.html

References & Suggested papers

Ortiz, A., Sauerer, B., Lafournére, J.-P., Saldungaray, P., & Abdallah, W. (2019, July 31). Raman Spectroscopy Based Mz2
the Vaca Muerta Formation, Neuquén Basin, Argentina. Unconventional Resources Technology Conference. doi:10.15530/

Sagasti, G., Ortiz, A., Hryb, D., Foster, M., & Lazzari, V. (2014, August 25). Understanding Geological Heterogeneity to C
Development: An Example From the Vaca Muerta Unconventional Play, Argentina. Unconventional Resources Technolog
doi:10.15530/URTEC-2014-1923357

Suarez-Rivera, R., Von Gonten, W. D., Vaughn, K., Zak, R., Carter, E., Kurup, A., ... Shaw, M. (2016, August 1). Integration of T
Solvent Extraction Methods for Improved Characterization of Hydrocarbon in Place and Producibility. Unconventional R
Technology Conference. doi:10.15530/URTEC-2016-2461786

Venkataramanan, L., Evirgen, N., Allen, D. F., Mutina, A., Cai, Q., Johnson, A. C., ... Jiang, T. (2018, June 2). An Unsup

Algorithm to Compute Fluid Volumes From NMR T,-T, Logs in Unconventional Reservoirs. Society of Petrophysicists
Analysts.

SPWLA Distinguished Speaker Series 2020-2021




Acknowledgments

* YPF S.A/Y-TEC

* Carolina Bernhardt

* Laurent Mosse

« Fabian Dominguez

 Fabian D'Andrea

* Federico Gonzalez Tomassini
« Jimena Rodriguez

* Vanesa Consoli

« Pablo Saldungaray

Mariano Suarez
lvan Lanusse
Carlos Ferlaza
Lucas Severini
Jimena Rodriguez
Luisa Crousse
Guillermina Sagasti
Paula Bedini

Diana Massiero

SPWLA Distinguished Speaker Series 2020-2021

r
4

‘\\
)
N




Welcome to SPWLA and Join us today!

Benefits
. Monthly free webinars
v Petrophysics Journal
v Registration Savings on Conferences
v Access to On-line Educational Resources
(SPWLA Nuggets of Wisdom)
v Free access to knowledge
v Petrophysics focused information
v SPWLA Foundation Scholarship Program
v Sponsored Student Membership...
v And MUCH more!
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Activities

18 Student Chapters

9 Chapters-at-large (S1Gs and Soci
Analysts — SCA)

US and Overseas

Annual Distinguished Speaker Prog
Global Distinguished Speakers

Topical Conferences

Many Local Chapter Activities
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