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Polymer flooding is a commercial Enhanced Oil Recovery (EOR) process that belongs to the chemical EOR 
methods. Its principal objective is to improve reservoir sweep efficiency in mature and recent waterfloods.

This paper describes a methodology, developed at the Instituto Colombiano del Petróleo, for the theoretical 
evaluation, project design (screening, geological and engineering analysis, experimental evaluation, numerical 
simulation and financial analysis), pilot implementation and surveillance of the injection process.

The first polymer flooding pilot implemented in Colombia by Ecopetrol is described here as an example of 
the methodology developed. Results of this project show an increase in oil production rates and, a decrease 
in water cuts increasing the oil recovery factor of patterns YR-504 and YR-510 of Yariguí- Cantagallo Field.

Over two million barrels of polymer solution have been injected in the pilot during the first two continuous years 
of operation. This enables the assimilation of lessons learned and best practices for continual improvement in 
the operation of such processes. Based on the pilot success, the feasibility of expanding this EOR method in 
this and other Colombian fields is being evaluated.
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Ainjeção de polímero é um processo comercial de recuperação que pertence à família da recuperação 
química. Seu objetivo principal é melhorar a eficiência de barrido volumétrico de processos de injeção 
de água tanto madurecidos quanto novos.

O artigo descreve uma metodologia, desenvolvida no Instituto Colombiano do Petróleo (ICP), para a avaliação 
teórica, concepção do projeto (screening, análises geológico e de engenharia, avaliação experimental, 
simulação numérica e análise financeira), implementação em campo a escala piloto e monitoramento do 
processo de injeção.

Como caso de aplicação da metodologia apresentamos o primeiro piloto de injeção de polímero 
implementado na Colômbia pela Ecopetrol. Os resultados deste projeto mostram um aumento na produção 
de petróleo, diminuição das porcentagens de produção de água e incremento do fator de recuperação no 
setor dos padrões YR-504 e YR-510 do Campo Yariguí- Cantagallo.

No piloto já foram injetados mais de dois milhões de barris de solução polimérica em dois anos contínuos 
de operação. Isso possibilitou a assimilação das lições aprendidas e de boas práticas para a melhora 
continua na operação deste tipo de processos. Com base nos ótimos resultados do piloto, é possível avaliar 
a viabilidade de expandir o método de recuperação melhorado em esse e outros campos da Colômbia.

La inyección de polímero es un proceso comercial de recobro mejorado perteneciente a la familia del 
recobro químico. Su objetivo principal es mejorar la eficiencia de barrido volumétrica de procesos 
de inyección de agua tanto maduros como nuevos.

El artículo describe una metodología, desarrollada en el Instituto Colombiano del Petróleo (ICP), para la 
evaluación teórica, diseño (screening, análisis geológico y de ingeniería, estudio de laboratorio, simulación 
numérica de yacimientos y análisis financiero), implementación en campo a escala piloto y monitoreo del 
proceso de inyección.

Como caso de aplicación de la metodología se presenta el primer piloto de inyección de polímero 
implementado en Colombia por Ecopetrol. Los resultados de este proyecto muestran aumento en la producción 
de petróleo, disminución de los porcentajes de producción de agua e incremento del factor de recobro en 
el sector de los patrones YR-504 y YR-510 del Campo Yariguí- Cantagallo.

En el piloto se han inyectado más de dos millones de barriles de solución polimérica en dos años continuos 
de operación. Esto permitió la asimilación de las lecciones aprendidas y de buenas prácticas para la mejora 
continua en la operación de este tipo de procesos. Con base en los buenos resultados del piloto, se evalúa 
la factibilidad de expandir el método de recobro mejorado en éste y otros campos de Colombia.
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1. INTRODUCTION

Use of polymer solutions to improve volumetric 

et al

et al
et al -

analysis, automation, execution and online monitoring 

-

-

2.  THEORY AND CALCULATIONS

et al et al et al
et al

et al
et al
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According to Luo et al
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3. METHODOLOGY

et al
Castro-García et al et al
et al et al et al
et al et al et al

Instituto Colombiano del Petróleo

et al

Area Selection

et al

Experimental Evaluation

polymers viscosity at different concentrations and 
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Figure 1

are made using a 

conducted for different polymer solutions previously 
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Figure 1. Selection and assessment of API RP63 polymer 
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exposed for long periods to reservoir conditions, using 

Numerical Simulation and Process Design

Accordingly, numerical simulation supports 

Numerical reservoir simulation is generally 
®

Injection Facilities

a functional unit in a closed cycle of blending, dilution, 
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Figure 2

Process Execution and Monitoring

POLYMER INJECTION UNIT
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Figure 2. Scheme of Polymer flooding Plant Facilities 
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4. ANALYSIS AND DISCUSSION OF RESULTS

Assessment and Selection of Yarigui -Cantagallo Pilot 
Areas

Water Cut Secondary Monthly (%)

0.00 49.37 98.73

Oil Secondary Prod Rate (Calend Days)(bbl/d)

0.00 358.63 717.26

Figure 3. Map of Fluid Production, Block V – Yariguí-Cantagallo Field (10/2015)
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properties, determination of permeability variation 

Figure 3

Figure 4. Patterns (YR-504 & YR-510) selected for the polymer flooding pilot project
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Figure 4.

Experimental Evaluation of Yariguí-Cantagallo Pilot
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content of iron or dissolved oxygen and is compatible 

Figure 5

Figure 6
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Figure 5. Polymer Viscosity vs. shear rate for polymers chosen at different concentrations (59°C)

Figure 6. Filterability and screen factor (SF) for the polymers chosen (25°C)
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Figure 8. Rheological behavior of polymer solution at 500 ppm (59°C)

Figure 7. Mechanical degradation for sheer strength in selected polymers at a 600 ppm concentration (59°C)

Figure 7
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adsorption and IPV values are promising and suggest 

Figure 8

Table 1

Delamaide et al

Numerical Simulation and Design of Yariguí-Canta-
gallo Pilot Project

Table 2
Shear Rate (1/s)

100

100

10

10
1

Relative Viscosity Mobility Reduction Permeability Reduction
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8.212.1 3.000
L-5.74

D-3.8
59 14.97 2.625 23.4 1.279 1.302

Depth
(ft.)

Confining 
Pressure

(psi)

Length,
Diameter

(cm)
Temperature

(°C)

Pore
Volume
(cm3)

Grain
Density
(g/cm3)

Porosity
(%)

Klinkenberg
Permeability

(mD)

Air
Permeability

(mD)

Table 1. Petrophysical characteristics of YR-CG rock core and operating conditions in coreflooding 

Table 2. Set of polymer data for numerical simulation 

Table 3. Parameters for sensitivity analysis of assessed 
polymer flooding scenarios

IPV (%)

Adsortion ( g/g)

RRF

(500 ppm) cP 7.1 s-1

(800 ppm) cP 7.1 s-1

(1200 ppm) cP 7.1 s-1

(1500 ppm) cP 7.1 s-1

22

14.9

3

11.97

29.48

53.55

63.00

19.5

11.6

3

7.72

21.44

46.06

59.40

Parameter EOR 80 Polymer FP 3230 Polymer

Table 3

Figure 9

Polymer

Polymer Concentration (ppm)

Scenarios

Injection Rates

Polymer Slug Volume

EOR 80/FP 3230S

500 – 1,500

Flooding in YR-504 and YR-510 
Flooding in YR 504
Flooding in YR 510

1,000 – 2,500 BPD

0.1 – 0.5 VP

Parameter EOR 80 Polymer

Figure 10

simulation scenario in Figure 10, a Net Present Value 
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Figure 9. Sector Model with pilot patterns YR-504 and YR-510, Yariguí Cantagallo Field.

Figure 10. Incremental oil production of polymer flooding vs. 
waterflooding
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Figure 11

Execution and Monitoring of Yariguí-Cantagallo Pilot 
Project

Figure 12
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Figure 11. Polymer flooding facilities in injection wells YR-504 and YR-510.

Figure 
13

problematic polymer concentrations in production 

Table 4

5. CONCLUSIONS

-

feasibility, reservoir numerical simulation, economic 
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Figure 12. Behavior of flooding of patterns YR-504 and YR-510

Figure 13. Pilot response of polymer flooding in Yariguí- Cantagallo Field
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Succ.

220 22 3/9 24 107.000 0.57 687.000 2.47

On. Sand. 59 YES (DP 0.8) 30.000 FreshwaterHPAM 
(5 – 8 MDa)

Technical
assessment

Onshore/
offshore

Temp.
(°C) Heterogeneity Polymer

Formation
water TDS

(ppm)

Polymer
injection water

quality

Well 
spacing (m)

Polymer 
injection 

viscosity (cP)

Oil viscosity
(cP)RRF/ RF

Actual -
Cumulative

incremental oil
(BBLS)

Actual - PE
(Inc.BBLS / kg

polymer
injected)

Final
Estimated -
Cumulative
incremental

oil (BBLS)

Final
Estimated - PE
(Inc.BBLS / kg

polymerinjected)

Lithology

Table 4. Summary polymer flooding in Yariguí-Cantagallo Field
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