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Abstract
The Cerro Drag6n Field, covering 860,000 acres, was acquired in 1958 from Amoco and produces oil and gas using primary and secondary water
injection. The waterflood was started in 1969, and since 2008 there were about 200 wells drilled per year, with a current total of 3190 producers and
647 injection wells.
Production is from Middle to Late Cretaceous fluvial and alluvial (braided stream) sandstones with an average of 20% porosity and 10-50 mD.
Individual reservoirs of 3-15 feet thick are stacked to 600 to 1200 feet vertically, each having different fluid contacts. Due to the high clay content,
the reservoir is sensitive to formation damage. The trap is combination structural (tilted horst blocks and faulted anticlines) and stratigraphic
(pinchouts). Formation water is low salinity (<4000 ppm), and oil is 20-30 API with high viscosity (20 cp).

Summary

» Pan American Energy has made a significant investment effort in exploration, development, infrastructure and technology. Cerro Dragon is today
one of the most productive areas in Argentina with more than 1 billion barrels of accumulated oil.

» Cerro Dragon is a mature field, discovering new opportunities based on studies and technology application.
» Waterflooding is one of the key drivers for production increase and reserves replacement.
* 75% of Cerro Dragon is under waterflooding. Injection volumes exceed 170 Mm3/d (1 MMbbld). All produced water is treated and re-injected.

» The challenge is to continue developing water flood projects and to increase recovery factors through studies and new technology application,
managing complexity and uncertainties.
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General Description

“Rodados Patagénicos” = “Rodados Tehuelches”

(Modificado de Galloway & Hobday. 1996, v Vela & Hechem,

Reservoir: Mid to late Cretaceous
sandstones. Average 20 % porosity, 10-50 md
permeability. High clay, lithic content sensitive
to formation damage, Environment of
Deposition: Fluvial and alluvial braided
stream. Migration through faults.

Trap: Tilted horst blocks, faulted anticlines,
combination structural/stratigraphic,
stratigraphic pinchouts.

Pay Distribution: 600’ to 1200’ stacked
individual reservoirs 3’ to 15’ thick, each with
different fluid contacts. Wells require

stimulation to break past formation damage

caused during drilling and testing.

Fluid: low salinity (<4,000 ppm) fm water,
20-30 API, high viscosity 20 cp




Production & Reserves
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Waterflooding Progression
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Injection Evolution

P - Lo
ructure

« Selective injection (up to 20 mandrels per well)

» Well head pressure measurement
* Injection rate measurement by layer

» Water quality control
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Injection Conformance Conformance Computation -> Layer ->Well -> Project
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¢ What does Conformance mean? . — i A

It is said that water injection is on

conformance when it is injected the . 1

defined rate in the corresponding layer.

Injection rate comes from the simulation

study.
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Waterflooding Studies

Through a WF Common Value Process, using an Analytical Simulation
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Waterflooding Studies

Primary WEF
History History
Revision match

- Handles incompressible fluid

displacement, therefore contemplates no
transients pressure changes. i
« Oil saturation of each reservoir depends

on its evolution and past production

mechanism. Prod

« Saturation is considered VP, Swa,, Sorl, My, Cy,

homogeneous inside flow element
and it evolves inside the element 4
during the WF development.
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WF Studies Results
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Water Injection Growth Plan

Average WI Growth 13000 m3/d per year
New Facilities: Water Injection Plants and Batteries

350.000

300.000

250.000

200.000

150.000

100.000

50.000

CD — Water injection per plant

0cG-9 OPIA-CT3 OPIA-VH3 OPIA-Z3 OPIA-Z2
OPIA-VM2 OPIA-VH2 OPIA-VH OPIA-RE2 OPIA-RE1 - |
@PIA-03 @PIA-02 @PIA-01 @PIA-MC4 @PIA-MC2 — —
B@PIA-MC1 @PIA-LMS3 @PIA-LMS2 @PIA-LM @PIA-HU2
@PIA-ES3 EPIA-CG8 EPIA-CD2 @PIA-B2 BPIA-AG3 |

- o ‘
BPIA-AG2 B Mariana

Dec/ 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

2014

2028




Water Injection Facilities

Injection Plant is designed for full capacity, but it is constructed by stages (8000 m3/d wi each)
according to waterflooding projects expansion
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TargeT Logging

* Define the reservoir dynamic behavior producing all together
* Identify the layers with high WOR

 Evaluate the production of perforated layer without test, evolution of stimulated zones and
detect possible future stimulations

* Identify cross flow in static/dynamic conditions

» Determinate if the cemented layers are still hermetic

* Obtain information for WF Surveillance

o 12-18 perforated zones

» Water Cut > 95%
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TargeT Logging
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Pulsating Injection

PPT produces a pulsing injection that dilates the matrix pore space through an elastic response. It
causes not only the current pore network to increase in porosity and permeability but also opens
up additional pore spaces to liquid flow.

Therefore, Pressure Pulses can enhance the water conformance, reduce the front instabilities and

overcome capillary.

Injection range from
40 to 1600 m3/d.

Setting in the tool in
front of the layer with
connection cable up
to the surface (WO
operation).

Frequency
adjustment from the
Surface Panel from
10 to 20 pulse/min.

Pressure range from
250 to 1500 psi.

Electric Model

0D 9.5cm (3.75in)

120 cm (47.21in)

Pulse Port

35cm (13.8in)

~— Tool Zero

Mechanic Model

0D4.3cem (1.70in)

Pulse Ports

79 cm (31.1in)
66 cm

(26in)

“— Tool Zero

Injection range from 40
m3/d to 240 m3/d.

Setting in the tool in front
of the layer, hung on the
tubing nipple (WL
operation)

The operation frequency
auto-adjusts in relation
with the pressure
difference between the
reservoir pressure and
WHBP



Pulsating Injection

» The layer E1 has individual injection.
* Isolated geological block .

* E1 has the best cumulative oil and

cumulative water injection in the zone. * Individual oil test without fracture job.

¢ S0 57 %. » Low pressure water admission (200 psi).
«Good connectivity producers — injectors, * 30 days Tracer Transit Time (between
without barriers or faults. injector and producer)

* Low current Recovery Factor= 7.5 %

(prim + sec).
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Pulsating Injection Pilot Results

WOR Project
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EOR

 Bright Water gel treatment in 7
injection wells

» 15 associated producers inside the

patterns

» 24 layers treated
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* Production response underperformance (after 18

months)

 BW treatment volume could be less than the needed

* Only one fall off test showed some change un flow

path after treatment

« Some mechanical problems impacted injection

» Opportunities: Better static and dynamic
characterization, BW volume estimation, economic

feasibility



Cyclic Injection

. The methodology pretends to take advantage, through a secondary recovery process, of viscous as
well as capillary drives

- Improve production efficiency, reducing WOR

- Reduce the volume of injected water for the development of the plan

- Improve the final recovery factor

- 10 injector wells e B =
" PESTL ° Pﬁn PN '".“-' ‘ :

. 22 producer wells @ﬁﬁm i :
- Average WOR before project: 20 (Wcut: 95%) ®-

PE-733 P[i‘Ae
- Annual oil decline: 7%. P ren T8

- Injection started in 1992.

Project

Pore Volume of the block (thousand barrels) 29,514
Initial Oil Saturation 0,43 i *ﬁﬂﬂ\\ﬁé
Initial Water Saturation 0,57 e "0 ,

- - X %2 PIEIA PFEz‘oa %ﬁ -
Residual Oil Saturation 0,27 @ > E
Mobile Oil Saturation 0,16 AL
Mobile Oil (reservoir thousand barrels) 4,724 T b
Injected Water to Date (thousand barrels) 59,529
Injected Water to Date in PV 2
Injected Water to Date in MOVs 12.6
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- Results show that is possible to take advantage of capillary forces, without giving up the benefits of
viscous drive

. Cyclic Injection reduces to a great extent the power consumption, by managing much smaller
volumes of injected water and with less produced fluid. Volumes of water not injected in the closure

cycle can be used for flooding new reservoirs in the same project or in neighboring zones



Summary

« Pan American Energy has made a significant investment effort in exploration,
development, infrastructure and technology. Cerro Dragon is today one of the most
productive areas in Argentina with more than 1 billion barrels of oil accumulated.

» Cerro Dragon is a mature field, discovering new opportunities based on studies and
technology application.

» Waterflooding is one of the key drivers for production increase and reserves
replacement.

» 75% of Cerro Dragon is under waterflooding. Injection volumes exceed 170 Mm3/d
(1 MMbbld). All produced water is treated and injected.

» The challenge is to continue developing WF projects and to increase RF through
studies and new technology application, managing complexity and uncertainties.
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