SPE Latin American and
Caribbean Petroleum
Engineering Conference 2023

Port of Spain, Trinidad and Tobago
14 - 15 June 2023

Volume 1 of 2

ISBN: 978-1-7138-7671-7



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2023) by Society of Petroleum Engineers
All rights reserved.

Printed with permission by Curran Associates, Inc. (2023)

For permission requests, please contact Society of Petroleum Engineers
at the address below.

Society of Petroleum Engineers
P. O. Box 833836
Richardson, Texas 75083-3836

Phone: (800) 456-6863
Fax:  (972) 952-9435

books@spe.org

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax:  845-758-2633

Email: curran@proceedings.com
Web: www.proceedings.com



TABLE OF CONTENTS

VOLUME 1

EQUIPMENT., WELLS, AND ECONOMICS: KEY COMPONENTS IN PROJECT SUCCESS

Multilateral Wells to Control Water Inflow in Reservoir Connected to Active Underlying Aquifers:

A Technical and ECONOMIC ANALYSIS ....ccviviriiiiiiiiiiiiee st

E. O. Musioz Mazo, C. L. Delgadillo Aya, C. Espinosa Leon, A. Rueda Lizarazo, L. Toro
Agudelo, A. M. Naranjo Pacheco, S. Arango Gomez, G. A. Nava Ardila, J. A. Villasmil
Montero, E. J. Manrique Ventura

Development and Application of Water and Polymer Injection Control Valves Including Memory
Recording of Flow and Pressure to Improve Secondary Recovery Surface and Downhole for

Completion Using Side Pocket Mandrels: Case HiStOTIes........cucoviiiiiiiiiiiiiiiiiicieic e

Juan Pablo Torne, Alvaro Prada, Marly Fabiola Parra, Lina Raquel Munoz, Tito Jose Acosta,
Carlos Fernando Berdugo, John Edison Gonzalez, Gabriela Penuela, Gerson Saul Perez,
Nini Joana Hernandez, Ivan Camilo Gomez, Fabian Andrey Diaz

HSE: ENVIRONMENTALLY-FOCUSED OPERATIONS AND TECHNOLOGY
DEVELOPMENT

Reducing Environmental Footprint of Borehole Seismic Acquisition by Using DAS on Hybrid

) e de 1Yo 07 10) (PPN P ST PPR PRI

Helman Duque, Alexander Lopez Bricerio, Alexander Duarte Perez, Jose Villasmil, Manuel
Useche, Alejandro Martinez, Susy Mercado Ruge, Andrea Ordoriez, Diego Sanchez, Dilan
Marin

INNOVATIVE DRILLING TECHNOLOGIES: CASE STUDIES

The introduction of New Rotary Steerable Technology and Automation Drive Performance Drilling

in Los Monos Formation in the Subandean Region of Bolivia ........cc.ccooviiiiiiiienieiic e

Mario Bertarelli, Jorge Barron, Grover Orellana, Juan Votruba, Rafael Dias

Overcoming the Operational Challenges of the Amazon Basin and Setting a New Performance

Benchmark Using Monobore Wells: A Case Study in Onshore Brazil............cccocciiiiiiiiiiiiiiiiicnees

G. Fernandes, H. Quinones, J. Carvalho, L. Harada, T. Medeiros, H. Sena

Innovative Hyperbolic Cutting Structure Brings Step Change in Drilling Efficiency Onshore

Y (53 [l TSP EUPSR

P Rosique, S. Anguiano, J. P. Tocantins, J. Ross, O. Luna

NEW TECHNOLOGIES AND APPLICATIONS IN DIRECTIONAL DRILLING AND

COMPLETIONS

Novel Drilling Engineering Methodology to Enhance Wellbore Positioning and Performance Using

Disruptive MWD/LWD TeCRNOLOZY ....cuvveuriiiiiriiiiiieiiee ittt sttt nneenne e

Juan Periaranda, Jhon Manchola, Gustavo Casado, Egor Kovarskiy, Giuseppe Solar, Nestor
Campos, Yulei Diaz, Igor Hernandez, Ivan Gamba, Adriana Gutierrez, Carlos Gandara,
Margarita Moya, Joaquin Pinzon, Cesar Alcazar, Hernan Antolinez, Miguel Molano



Improving Acid Coverage in a Naturally Fractured HPHT Carbonate Reservoir by Combining

Chelating Fluids and Chemical Diversion OptimiZation .........c.coceereereereiiieieesreseesreesree e siee e seeenes 122
Diana L. Velazquez, Fernanda Tellez, Carmen J. Ramirez, Francisco E. Fragachan,
Mohammed Omer, Frank Figueroa, Gustavo Mejias, Bonifacio Brito

First Exploratory Multilateral Project in Colombia: Taking Exploration to the Limit, Reducing
Environmental TMPACE ..........oiiiiiiiiiiiiie ettt et e b e ae e b e e bt e bt e b e e s e be e b e nre e nreennas 139
L. F Jaramillo, N. Campos, J. J. Sanchez, L. M. Jimenez, H. G. Acevedo

How Fluids Performance Ratio Analysis of ICD/AICV can be used to Analyze Oil Production,
Unwanted Water and Gas Breakthrough in Carbonate or Sandstone ReServoirs..........cccovveririieiiinienneenenne. 153
1. Mohd Ismail, A. Bjerke, V. Mathiesen

LOWER CARBON INTENSITY HYDROCARBON PRODUCTION AND PROGRESS IN
CARBON UTILIZATION

Effect of Phase Behavior and Mass Transfer Mechanisms on Crude Oil Recovery and CO2 Storage

in a CO2 Injection Process in Colombian RESEIVOIIS.........ccovviiiiiiiiiiiii e 166
C. Ariza-Quiroga, J. D. Aristizabal, J. J. Martinez Vertel, C. Cundar, C. Delgadillo, M. L.
Trujillo-Portillo, J. Sandoval, G. A. Maya, R. Osorio

Improving Oil Recovery while Helping to Achieve Net Zero Emissions from Shale Reservoirs.................... 188
Xiaolin Bao, Alfonso Fragoso, Roberto Aguilera

Strategy to Manage Mature Oilfields with Renewable ENergies...........c.covvviiiiiiininiinniiee s 202
E. Quintero, J. Valdirio, J. Bastardo, V. Huerta, H. Lorbes

DERIVING RESERVOIR INSIGHTS FROM NOVEL STATIC AND DYNAMIC MODELING

Another Look at Bovallius, Onshore Southern Basin Trinidad ...........cccocovviiieiiiiiiieiic s 217
M. Bishop, X. Moonan, W. Lalla, L. Anderson

Numerical Simulation of Cyclic Steam Stimulation and Solvents Enhanced With Nanocatalysts: A
MethodOIOZIC APPIOACH ....c.viiiiiiiiciie e bbbttt e nr e n b en s 230
M. C. Ruiz-Canias, H. A. Garcia-Duarte, R. A. Perez-Romero, E. Manrique

Input-Output Invariant Fast Proxy Models for Production Optimization..........c.cceeeevrereeirnenesienereseseeeenee 248
Marcelo J. Dall'Aqua, Emilio J. R. Coutinho, Eduardo Gildin, Zhenyu Guo, Hardik
Zalavadia, Sathish Sankaran

A Comprehensive Approach to Organic Precipitation Damage by CPA EoS from Monte Carlo, and

Machine Learning MeEthodS ........cuiiiiiiiiiiiieiieie ettt ar e se e n e sn s 270
C. Cundar, C. Guerrero-Benavides, J. D. Aristizabal, I. Moncayo-Riascos, F. A. Rojas-Ruiz, J.
A. Orrego-Ruiz, W. Carias-Marin, R. Osorio

DIGITAL: DATA ANALYTICS AND AI-DRIVEN RESERVOIR MANAGEMENT AND FIELD
DEVELOPMENT

A Novel Decision-Making Framework for Waterflooding Optimization using Long and Short-Term
Memory Models and MetahEUIISLICS .........c.ciiiririiiiieiie sttt er e 291
A. X. Rodriguez Castelblanco, E. Gildin, S. A. Cabrales, A. L. Medaglia

The Use of Machine Learning to Estimate Key Properties in Vaca Muerta Play ...........ccocoovvvvieienincnnnene, 306
C. Bernhardt, G. Horowitz, D. Gallart, J. N. Cambra, M. Silka, M. G. Sanchez, L. L. Vera
Lopez



Bi, Python and Low Code Applications to Accelerate Digital Transformation ............cc.cvvvviininnininnncnne 326
S. Heine, O. A. Castillo, M. R. Palacios, C. Lopez, M. E. Castello, H. Albarracin, G. D.
Serrano

Combining Data Acquisition, Control, Monitoring Systems and Physics Simulation in an
Autonomous Way, to Locate and Minimize Inefficiencies in Gas Processing Facilities ..........cc.ccocvniniiinnnne 340
Zayn Aladin, Amin Adolfo Claib Meinhardt, Gerald Schepens

EPOSTERS SESSION

A Case Study on Enhancing Drilling Efficiency by Analysis of Historical Data and Structured Data
IMAANAGEIMIENL ...t e b bbb E e e e e bR 349
Mohammed Omer, Miguel J. Duarte, Alfredo A. Alvarez

Optimization in Field Service Operations: Cost and Reprocesses Reduction Through Lean Six
SigMa IMPIEMENTATION. .....eviiiieieiiii et e e e r b bt e e nnean e sne s 361
S. Camelo, M. Jimenez, J. Pinilla, C. A. Gonzalez

First Successful Application of Geosteering Drilling in Narrow TVD Window: A Case Study on a
Deep Horizontal Gas Well in Bolivian FOOthills ... 374
Cristhian Aponte, Victor Soriano, Andrea Soruco, Gustavo Blanco, Ramadan Ahmed

High Performance Water-Based Fluid Replaces Oil-Based Mud on the Execution of a Complex 3D
Well Trajectory in Aguarague National Park, BoliVia .........cccviiiiiiiiiiiiecce e 386
Danny Rojas, Andrea Soruco, Carlos Jimenez, Victor Soriano, Ramadan Ahmed

Artificial Intelligence (AI) Inside of Rock Physics Modelling, Case of Study in Tight Sand
2SS 110§ SRR 397
L. A. Castellanos Bassoult

Hydrocarbon Production Enhancement on the Field Apaika-Nenke by Applying Hydraulic

Fracturing as a Tool to Optimize the Extraction of Reservoir M-2 Considered Initially as a

SECONAATY TAIEL ...ttt h et s e bbbt bt bt e s e e s e b nb e Rt e bt bt es e et e nneen e b ene s 421
F. Salazar, N. D. Vasconez, C. J. Mayorga, M. F. Pozo

Friction and Casing Wear Factor CharacteriZation ...........couverrieiiriiniesie e 436
Jose Alberto Barreto, Santiago Javier Grittini, Raffaello Zambetti, Emanuel Mariano Zara,
Walter Tuckart

Winning the Battle to Scale Precipitation from the Face of T Reservoirs in the Largest Ecuadorian

L0313 1S] U« T PSSP P TSP PSP 444
M. P. Paredes, D. R. Estevez, W. M. Sepulveda, C. G. Giol, V. Zumbana, P. Tamayo, R.
Andrade, A. Sotomayor, L. Egas

VOLUME 2

An Innovative Combination of Thermal Enhanced Oil Recovery Process with Organic Rankine
Cycle to Improve Energy EffICIENCY . ....eioviiiiiiiiiiiiciiese e 464
H. A. Rodriguez, R. A. Perez, J. E. Guerrero, L. E. Garcia, E. Manrique

Going from Days to Hours: A Digital Journey to Optimize Barrels and Improve Work-Life Balance ............ 480
E. Batallas, J. Gallegos, G. Tagarot Seadi, D. Campana, A. Vargas, M. A. Hernandez de la
Bastida, F. Florez

Fast Real-Time Production Optimization for Integrated Asset Modelling Using Mixed-Integer Non-
Linear Programming in Julia LangUAZE ..........cccveiiiiiiiiiiiiiiececee e 488
Ramiro Canchucaja



3D Real Time DIgital TWIN .ocvviiiieiiiiiieiisris e sr e n e sr s 501
E. Ferrigno, G. A. Barsola

Polymer Flooding from Day One: Reservoir Modelling Challenges and Development Strategy
<] 11115 Te) 1 U OO TP TP U T UU PP ORI 517
1 Weisman, M. Thomann, M. Gamboa, G. Godino, S. Gandi

Digital Innovation for Fault Diagnosis and Control of Sensor Variables. Reduction in Operational
Time and Cost in RUN-TN-HOLE .......ooiiiiiiiii bbb et 527
D. Mateus, H. Ramirez, J. Cruz, C. Gonzalez, J. Pinilla

Margarita 10: Drilling Strategy of the Fastest Well in the Bolivian Sub-Andean Region.............ccccceevverinnnen. 541
Mario Bertarelli, Gary Buyers, Jorge Barron

PRODUCTION AND OPERATIONS: COMPLETIONS, STIMULATION, AND WELL
INTERVENTION

Water Conformance While Fracturing, Lessons Learned from 37 Jobs in the Oriente Basin of
2T I F: T (o) G PSR RUU PO 556
Alvaro Javier Izurieta, Wilson Leonardo Padilla, Linda Marielisa Barragan

An Experimental and Modeling Study of Polymer Free Delayed Acid and Emulsified Acid Systems
ST 081 4 Y0 0 Lo L <l A o) w 00 -1 (o) 4 - PUUUUU SRR 568
Mahmoud T. Ali, Ahmed Zakaria

PRODUCTION AND OPERATIONS II: PRODUCTION MODELING AND FIELD
APPLICATIONS

Production Rate Calculation Using Choke Correlation, Improving Matching Field Data on Vaca
A 01 g T T 0 14 o) s F PSR U R UU P URTUR 588
Nicolas Gabriel Bellini Aragon, Fernando Martin Villagra, German Dario Serrano

Downhole Water Sink at High Mobility Ratio: The Tambaredjo Field Pilot Test .........c.ccovvviviiiiinincnininee 604
E. Niz-Velasquez, H. S. Nagesar, R. V. Bhajan, B. Nandlal

RESERVOIR: INNOVATION IN ENHANCED OIL RECOVERY ASSESSMENTS AND
APPLICATIONS

Incorporating Hybrid Technology of CSS + Foam in Heavy Oil Field Development Plans: Practical
Experiences and LesSons Learned...........cooviiiiiiiiiiiiiine e s 622
R. A. Perez, H. A. Rodriguez, J. E. Romero, J. S. Alvarez, S. Hernandez, 1. Luque, M. Cadena,
M. Ricardo, H. Barrios, D. Villadiego, J. C. Garcia, J. A. Cipagauta, M. Rondon, E. Manrique

Reservoir Simulation of Primary and Enhanced Oil Recovery by Huff and Puff Gas Injection, and
CO2 Storage in La Luna Shale of Colombia.........c.ccccciiiiiiiiiiiiiii e s 632
C. Herrera Tellez, A. Fragoso, R. Aguilera

Induced Flow Geometries During Steam Injection in Unconsolidated Sand in Heavy and Extra-
Heavy Ol FIelds i IMEXICO ....veiviriiiiieiieiiireitt sttt sttt st sr sttt an et nneen e 655
H. Cinco-Ley, S. Chavez, R. Aguilera

Electro-Acoustic Solvent-Based Method for Enhancing Heavy Oil Recovery ...........ccocvvviiniiicicnincine, 667
Saeid Khasi, Apostolos Kantzas



Estimating Relative Permeabilities Through Experimental and Numerical Approaches for a Steam-

FIue Gas HYDIIA PIOCESS ... ..oiuviitietieiisiieiie ettt sttt e e nn e r e sneenreenreenneennas 690
R. A. Perez, H. Garcia, J. Modaresghazani, S. A. Mehta, R. G. Moore, M. G. Ursenbach, D.
Gutierrez, B. Sequera-Dalton, H. A. Rodriguez, E. Manrique

DIGITAL TECHNOLOGIES: SURVEILLANCE, ANALYSIS AND OPTIMIZATION 2.0

Failure Prediction Methodology for ESP and Operational Behavior............ccocvvviiinininiiiniec 712
L. E. Cardona, P. J. Vivas Sanchez, B. Joya

Intelligent Monitoring of Oil Production ASSELS............ciiiiriiiiiiiiiiieiiiese e 725
G. Horowitz, P. Farfan, M. De Larena, R. Rodriguez, P. Mari, P. Alonso

Automating Dynamometer Charts Interpretation with Machine Learning............cccocevereninieiieienencnenene 730
Mario Antonio del Pino Fiorillo

CARBON SEQUESTRATION IN GEOLOGIC FORMATIONS AND ENERGY TRANSITION

Practical Aspects and Implications of Long-Term CO2 Sequestration in Saline Aquifers Using
Y33 (o1 Y 1 USSR 752
G. J. Moridis, M. T. Reagan, T. Huang, T. A. Blasingame

Measurement of CO2 Solubility and Swelling Factor in Water/Brine for CO2 Sequestration..............ccceveenee. 813
A. Fayazi, S. Maaref, S. Esmaeili, A. Kantzas

Modeling Caprock Failure During Injection in a CO2 Capture and Storage Project Using a
Compositional/Geochemical/Geomechanical Coupled Numerical Simulation ..........cccccevveiiniiiicnicneeneenn, 826
Argenis Alvarez, Diana Mercado, Victor Salazar

ADVANCED METHODS FOR IMPROVED RESERVOIR CHARACTERIZATION

Investigation of Carbonate Rock Thermal Conductivity as a Function of Temperature, Porosity and
Fluid Saturation Using a Comparative APPrOaCh .........cecviiiiiiiiiiiiiiie i 836
Seyed Ali Madani, Amir Fayazi, Roman Shor, Apostolos Kantzas

Determination of Rock Compressibility in Unconsolidated Sand in Heavy and Extra-Heavy Oil
FIRIAS 10 IMEXICO ..ttt et bbbt b e bbbt e r e 849
A. Fragoso, R. Aguilera, H. Cinco-Ley

DRILLING: TOOLS AND TECHNIQUES FOR WELL INTEGRITY, WELL CONTROL., AND
ZONAL ISOLATION

Comparison of Riser Gas Unloading in Water and SBM: Full-Scale Experiments...........cc.ccocevvvienininnnnnne. 870
Mahendra R Kunju, Mauricio Almeida

Tailored Cement Spacer System Improves Barrier Dependability in High Permeability Reservoir

Sections N COLOMDIA. .......iiviiiiiiiiic et sr e 889
Juan Manuel Arroyave, Jose Luis Paredes, Fabian Castro, Kyris Agapiou, Diogenes Barreto,
Jose David Vela, Alexander Lopez, Leonardo Guzman, Maria Anayibe Fiaga, Nelson Garcia

First Successful Application of Wellbore Stabilization Technology Eliminates the Need for

Contingency Casing and Differential Sticking Risk While Drilling Through Carboniferous-

Devonian Formations: A Case Study on an Exploratory Well in the Sub Andean Bolivian Basin................... 902
Andrea Soruco Monasterio, Victor Soriano, Ramiro Cadena, Reinaldo Maldonado, Ramadan
Ahmed



Explosive-Free Hydromechanical Perforating Technology Alternative During Plug and

Abandonment Operations, for Annulus Connectivity Between Casings, Assures Well Integrity

Barriers and Prevents External Casing Damage ..........cccviovviiiiiinieiieiinie et
Alexis Eduardo Rodriguez, Ruben Joaquin Garay, Magda Liliana Guarin, Rocio Del Pilar
Rincon, Alexander Duarte, Diego Martin Maya, Stuart Butcher

A Novel Workflow to Design Cementing Fluids for Loss Mitigation ..........cc.cevvriieviiiiiiiinesisieee s
Siva Rama Krishna Jandhyala, Krishna Yerubandi, Walmy Cuello Jimenez

A Game-Changing Strategy to Increase the Production Tubing Run Life in a Highly Carbon-

Dioxide Corrosive Environment: Shushufindi-Aguarico Fields Case Study........cccocovvrininieiinienncnencn
C. Romero, D. Estevez, C. Espinosa, C. Freire, M. C. Sierra, L. Aguilar, R. Rodriguez, W.
Sepulveda, J. Somale

Author Index





