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The data, maps, geological models, volumetric calculations, seismic
interpretations, well correlations and production graphs that are going to be

presented today were a compilation of reports handed by the Operator
Companies to the ANH.

The purpose of this compilation is to offer and understanding of the

hydrocarbon systems and the remaining prospectivity of the areas located in the
Llanos Heavy Oil Belt
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Location & Data; CPO 16, CPO 17-1 & CPO 17-2

Infrastructure & Nearby Fields
Geological Framework

Rio Ariari (CPO 16 & CPO 17-1)

Avellana (CPO17-1)
Merlin (CPO 17-1 & CPO 17-2)

Trasgo (CPO 17-2)

Summary & Conclusions
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Location: CPO 16, CPO 17-1, CPO 17-2
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Block Areas

CPO 16 (250, 993Ha).
CPO 17-1 (296,916Ha).
CPO 17-2 (266,406 Ha).

Departments

Meta
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CPO 16: Seismic Data
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CPO 16, CPO 17-1 & CPO 17-2: Fields Nearby
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CPO 16
Camoa c.a. 57 Km
Castilla ca. 65 Km
Apiay ca. 92 Km
Valdivia ca. 134 Km

CPO 17-1
Camoa c.a. 45 Km
Castilla ca. 80 Km
Apiay ca. 93 Km
Valdivia c.a. 99 Km

CPO 17-2
Camoa c.a. 85 Km
Castilla ca. 122 Km
Apiay ca. 120 Km
Valdivia ca. 78 Km
Rubiales ca. 152 Km
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GEOLOGICAL FRAMEWORK
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The Llanos Orientales Basin (LIBA) is the
eastern sub-Andean foreland of the
Eastern Cordillera

At the east it is
Guyana Shield

bounded by the

At the south is bounded by the

Macarena Range and Vaupes basement
archs

The Llanos Basin has a prolific
exploratory history that got strength in
the 80s after the Cano Limon - Covenas
discovery
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Usually main reservoirs are located in
Carbonera (C5 C7) and Mirador
Formations (fluvial and estuary deposits).

There are another common reservoir
from Eocene - Oligocene (?) age known as
basal sandstones usually above the
unconformity above Paleozoic

Paleozoic is thought to be a good source
and reservoir as well with a likely
potential of gas
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Structural Geology and Basin Evolution

The three areas are located in the Meta Structural province
which is controlled by the paleo-highs of Voragine, Candilejas and
Macarena

The western zone of this province is characterized by a
tectonized sequence (Cambrian — Ordovician) which corresponds
to a folded belt (Caledonian Orogen)

The front of the deformed belt rests over the north-western
flank of the Voragine paleo high and is affected by normal faults
with N-S orientation

At the eastern part of this province there is an structural domain
with normal and reverse faults

Most of the structures into the CPO 16, CPO 17-1 & CPO 17-2 are
associated with normal faults

ANH=
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General tectonic evolution of the Llanos Basin.
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Taken from Horton et al (2010a)
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g
1® |

The hydrocarbon accumulations are related to a
proven system (Gacheta-Mirador) that had a
expulsion in the Eocene-Oligocene

B I

The hydrocarbons were migrated to Upper
Cretaceous to Oligocene reservoirs

W
1

A secondary system could be associated to the
Palaeozoic Sequence with reservoirs
accumulating dry gas

R

m Remind that there is an important hydrodynamic

Drape over Paleozoic Highs Stratigraphic pinch-outs against Lower Mirador valley fill- h M I h h 1 h
e.g. ES-42, ES-22A Paleozoic highs - Mirador, C7 influenced by Paleozoic topography CO m po n e nt t at tl t t e tra pS a S S OWn I n t e

e.g. Updip Mochelo, RA-Lapon- e.g. Calandria, Mochelo
1D 1
picture
l

£
Coastal Plain

Hydrodynamic Trap

A b ¥ e.g. Mochelo?
e.g. Rio Ariari-1, ES-15 =
(Person et al, AAPG Bull, Vol 96, Jan 2012 pp 23-41)

Channel Deposits - Upper Mirador, C7
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RIO ARIARI (CPO 16 & CPO 17-1)
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\ EQ42ABS-42 PIGHILINGO-1 STPICHILINGGH .
\ 0 $55.36 9 Cadillo-1 1 5207 2011 RA-Acanto 4 5474 2014
RA-LAPON-1DNPPAL-1 -
MORADILLO-1 ° |
::afeto Este- 1 4464 2012 RA-AsarinadD 1 4873 2014
kK Calandria-1 1 6093 2011 RA-Lapon 1 4027 2014
CPO 17-4 N t
0 RA-Mochelo 2 5928 2014
Nk Chafurray 1 reported 1946
§ RA-Moradillo 1 5985 2014
NN ES 13 3087 2011
Rio Ariari 2 5028 2010
Heliconia 4 1766 2014
SA-13 1 5018 1981
0 4 8 16 24 32 Mielero-1 1 4369 2012
e w—— Kilometers Tatama 2 5150 2012
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BO RUGO - 1 | Anturio-1/ Borugo-1

Well drilled by Petrominerales in 2011 with a TD of 5,259’

The thermal maturity for the interval 5420-30’ is considered
to be very high, possibly beyond the dry gas window

ES 17

Stratigraphic well drilled by Petrominerales in 2009 with a TD of
4,994’

The well reached Ordivician in age supported in some Chitinozoa
badly preserved and absence of spores

CADILLO - 1

Well drilled by Petrominerales in 2013 with a TD of 5,207’

The studied Tertiary section for this well is immature to marginally
mature for the generation of liquid hydrocarbons

The Paleozoic section is overmature for the generation of
hydrocarbons

AGENCIA NACIONAL DE HIDROCARBUROS



AREAS o _
%ADVERTISEMENT Representative Wells A N H = @
2022 AGENCIA NACIONAL DE HIDROCARBUROS

RIO ARIARI - 1

Well drilled by Petrominerales in 2009 with a TD of 4,859’ w‘%n o % e o

The main target of the well was the Mirador Formation

CPO 1

The cumulative production of the well up to 2016 was fL |
20,299 bbl N

CPO 172

MOCHELO - 1

Well drilled by Petrominerales in 2010 with a TD of 5,308’ kMMHZMOCHELm
::‘\ ()

___RIOARIARI Sk o [ F‘ _______
L)

ﬁ ey

The well reported in 2016 a cumulative production of 548 bbl

AMBIENTAL ON

TATAMA HZ - 1

Well drilled by Petrominerales in 2012 with a TD of 5,041’

N

The well proved heavy oil in the Mirador Formation

The well reported a cumulative production in 2016 of 194,146 bbl 048 16

32
e Kilometers
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Seismic Section and Domains

ARI-07-08

Rio Cafeto
Ariari Oeste
Valley Valley

1950.0 2050.0 2150.0 . 24497

I N
W -y - o L

»
[ 2 ;.L’ﬁ'/ Ty M
o/ - M‘w
o
R

e
AW ¥
PRV

AGENCIA NACIONAL DE HIDROCARBUROS

2549.9

ANH=

AGENCIA NACIONAL DE HIDROCARBUROS

Cafeto
Este
Valley

ARI-07-09

Il paleozoic Erosional High
= 0riginal Rio Arari Block _
®

No Environmental
Licence

El futuro

es de todos

Minenergia




AREAS . o
%ADVERTBEMENT Stratgraphic Cross Section o e os | Minenergia
AGENCIA NACIONAL DE HIDROCARBUROS

2022
West East
A.S 8.8 km P 19.1 km N4 11.9 km P
io Ariari 1 . : ES-45 : 3 Cafeto Este 1 : 5 Nopal-1
Carbonera 8 I ; 1| 7
Datum 14 % :
( , 3
¢ ) ’} s 3
( - .
Upper Mirador g J T T SR 0 A R 51
Lower Mirador e ~"""“"" <= -2 B — — .
pL] iclsR T 4
R— S Paleozoic Foredeep

\
| | | |

Rio Arari Development/ 3D Area Cafeto Oeste Valley Cafeto Este Valley Nopal Valley

[ paleozoic Erosional High
(Lower Mirador Absent)
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Type of Traps Identified A N H C o futuro

es de todos
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Accreted Channel Deposits
Oil distribution controlled by
lithology

Pinch-out
& Differential Compaction

1 =

L. Mirador =
SS3 -

Paleozoic
- ~ Foredeep

Paleozoic

JFiure 20: Pinch out.

Channel Stacked Deposits

Minenergia

Pinch Out and Onlap

Valley Fill Influenced by
Paleozoic Topograph

Mochello-1
*

Paleozoic
~ Foredeep

|
i' Stratigraphic Onlapping with
= Paleotopography
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Wells such as: Asarina — 1, Calandria — 1,

Lapon — 1D, Haliconia - 2D and Rio Ariari — 2

oy Thick Paleo Section showed the highest gas increases in the
Basement High Paleozoic

The shows were determined by gas
chromatography but none of them have
undergone formal tests

A gross calculation for gas reserves into the
Paleozoic was calculated by the operator

company

Preliminary Summary of Undiscovered Gas Initially-In-Place With Paleozoic

Estimate Gross Gross Gross
Undiscovered Undiscovered Undiscovered
Free GIIP (Bcf) Sorbed GIIP (Bcf) | Total GIIP (Bcf)

Low Estimate 982 34 1,016

Best Estimate 3,300 228 3,528

High Estimate 10,727 1,290 12,017

Figure 32: Preliminary Summary of Undiscovered Gas Initially-In-Place with Paleozoic (Sproule)

AGENCIA NACIONAL DE HIDROCARBUROS
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Rio Ariari Field Production History The whole production history has been
MO - accompanied by a high BSW
10.000.000
- From 2009 to 2010 both water and oil
1.000.000 production increase simultaneously. The main
80 input came from Mochelo and Rio Ariari

100.000

From 2010 to 2013 the production came from
the fields Heliconia, Mochelo, Tatama and
40 Mochelo Sur. BSW increases more than Oil

10.000

bbl Acumulados
3
Corte de agua %

1.000

100
i After 2013 BSW increases exponentially,

H decreasing naturally the Oil production. The
; " production came from Acanto, Heliconia,

2009 2010 2011 2012 2013 2014 2015 2016 2017 Mochelo, Rio Ariari and Lapon

Year
—g— PETROLEO PRODUCIDO ACUMULADO (bbl) =—g—Awua PRODUCIDA ACUMULADA (bbl) —g—BSW (%)

The cumulative production to 2013 was

> High mobility rate water/oil

AGENCIA NACIONAL DE HIDROCARBUROS
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CAFETO ESTE NOPAL
OESTE 23,900 VALLEY
62,300 Acres Acres 37,700
) Acres
*Pmean
7 7:\*7 .8 mmbbl Z
apotillo- *
1
* Lapon-1
oradillo-1 Paleozoic
high
*Pmean *Pmean
194 mmbbl 115.5 mmbbl

CAFETO

Scale: 1:132503
0 1
0 1 2 3 4 5 6

2x10km
7 8 3 10m

Last Volumetric Reported in Rio Ariari Field

3 Prospective Areas

*Pmean: Pmean recoverable oil 15% recovery
factor, unrisked

AGENCIA NACIONAL DE HIDROCARBUROS

El futuro
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Minenergia

In 2014 de recovery factor was established in

7,7%

New areas were added in 2014 and 2015

drilling 12 wells

Using a recovery factor of 15%, a Pmean of
recoverable oil unrisked was calculated for

some opportunities
Cafeto Oeste (Lead): 194 MMbbl
Cafeto Este (Prospect): 28,8 MMbb]

Nopal Valley (Prospect): 115,5 MMbl

The last value reported of OOIP in the Rio

Ariari area was of 1,805 MMbbl
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AVELLANA (CPO 17-1)
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P ] e
w1 HE
CPO
cPo 0 &9 The block is located nearby the municipalities of
caioy Puerto Lopéz and San Martin
| CPO 11-1

CPO9-1 ) ] )
) #EEEN Inside the Chiguiro Oeste 3D — 2011 4 wells have been
Lt oggﬁE.z\éEHll- IRO OESTE-1 ST L drilled: ChigUirO West — 1, ChigUiro West — 1ST and

i | Avellana -1
NN Preliminary results from the well tests by mean of PCP
AMBIENTAL ON
e suggests the presence of heavy hydrocarbons of low
CPO 16 CPO17-1 CPO 172 mobi I ity
Its necessary a more detailed evaluation of an
optimum strategy for evaluation and future
D AVELLANA ©® CHIGUIRO OESTE-1 @® CHIGUIRO OESTE-2 | ) p ro d u Ct I O n
@® AVELLANA-1 @® CHIGUIRO OESTE-1 ST1 @® DARA-1
IAL ON ©® DARA-2
|

03.757.5 15 225 30
O e Kilometers
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i
Aol

Avellana Prospect: Mirador Formation as main
target

Type of Trap: Stratigraphic in channels

TD: 4908 MD/TVD. Top of Mirador Formation
found at 4460’

Spud date: 8t of August of 2010

Reserves: Due to the lack of information the
calculation of prospective resources have not been
carried out

{f -v,ﬂ\“‘"‘“
i

Strike seismic Line: It could be observed the projection of the well Avellana - 1

AGENCIA NACIONAL DE HIDROCARBUROS
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MIRADOR i Fmmmal _ = - Three test were carried out in the Mirador
3% L pic 122 = | Formation with one of them Test 3 (4478’-4490’)
1 0 b 5; ‘: " L. . .
- %~ THHELL ! 1’]» producing 0,18 BOPD with a BSW of 99%
L] TH k D 24 I8 _
Yaq f 3700 1 | ||| ¢ ?\ S =>< o
% weoe 2T | | k|| L C 5 The petrophysics in the Avellana-1 well gave as
& i 3 ( } result a Net Pay of 6/, mean Porosity of 28% and
g é f 4? : So of 75% and
.ss 211 e t,i\
¢ -3750 )
:é % SN i |l The API gravity reported in the well is 9.3°
3 et T | ]
L \ g »e
- E T :
a8 K /
I2amr p) 5 > ) Total  C1 C2 (0] iC4 nc4 iC5 nC5
|0 oo | 17 e - } Gas% (ppm) (ppm) (ppm)  (ppm)  (ppm)  (ppm)  (ppm)
g 4508.25) 5z 2
: ! j{ % 44604470 | FG | 0002 | 1392 | 155 | 13 0 0 0 0
S K{i 44754490 | FG | 011 | 302 | 234 | 704 | 173 | 318 | 497 10.1
{ ]
| 50 ! < 4496-4506 [BGG | 0.001 | 38 | 11 0 0 0 0 0
a3 ) @ | [ ! J
> | ; -ﬁ 45064530 | FG | 022 | 1210 | 287 | 233 | 162 0 0 0
« ———————=_————_—_™_Ssas;5;a;a;8;§5.5—.—.—.——_———.“.—_~_~—~——<—_——_———=——~——u~~—~_~—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_————y"—™—————
>f g 4;*1" = 45304572 [BGG | 002 | 156 | 125 | 102 | 203 | 129 0 0
=R | ]{‘\ 45724591 [ FG | 01 | 511 | 41 | 22 1 0 0 0
= 2ot : = 4591-4636 [BGG | 0.01 | 34 | 296 | 14 9 0 0 0
pALEOZOICO [|&] | S| )] ke 10 L=t
=T T i I 4636-4653 | FG | 0.1 523 | 45 11 4 0 0 0
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AREA EVALUACION
|§| EXPLORATORIA AVELLANA
Lower Mirador
Deph Conversion

.

N
K

12

-1
£ Surface 111HOBO1ERTT TR0
0 ) i

mmmmm ters
again) v FAT WELL CRITEA LEGEND
i e Wi ooss o 11T X7 | 8+ o sovccirm

*  Two structures were drilled based on
the structural map of the Lower
Mirador

© At the north the structure drilled by
the wells Dara

© At the south the structure drilled by
the well Avellana - 1
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MERLIN (CPO 17-1 & CPO 17-2)
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Merlin Location

=

CPO 10
‘ CPO 9-1
CPO 16 CPO 171

CPO-1] EST-12@PDRIC-1
o0

CHAF!

L ON

LLA134

CPO 121

N

AMBIENTAL ON

I
______
_____

=

~
]
N
N
N

CPE-6
CPO 172
SA6
LIN-t A0 cPO 23
AFURRAY-5 @
CPO 17-4
cPO22

0 510

30 40
O s Kilometers
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Merlin is located in in the southwestern
part of the Llanos Orientales Basin in
the Meta Department

The area covered the municipalities of
Puerto Lleras, Mapiripan, Puerto Rico
and Puerto Concordia

AGENCIA NACIONAL DE HIDROCARBUROS
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Merlin Discovery
Evaluation Polygon

CH-5
.

CPO-17 EST-8DORCAS-1
L ]
LAS BRUJAS-1
.

.CPO-17 EST-1

CP0O17-2

NtRRRRNNNR
® ¢CHAFURRAY-4

oShav AMBIENTAL ON | ]

Nl b NN

[ J MERLIN DISCOVERY EVALUATION POLYGON

CPO17-4

01020 40 60 80
ey Kilometers
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Structural Map Merlin: Top of Oligocene Sandstones A N H — @ El futuro, | Minenergia
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Structural map in Depth of the Oligocene basal
sandstones in the discovery area of Merlin
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Merlin - 1

Well drilled by Hocol in 2011 with a TD of 2683’

The target of the well was to reach the Oligocene Basal Sandstones FVHVMV‘A\J\N[F\\\

|
Nl v

The well, limited by the design of the tests reached a production of 350 bbl per day that —
fall down afterwards \ JW/)(Pmﬂ

N
@
o

During the initial tests the well shows a higher capacity of production than the
estimated one

N
=}
S}

Tasa de aceite (BOPD)
BSW (%)

Tasa de agua (BWPD)

Vapor injection was performed using the well Merlin — 61V

50 o 50

) 0
25/05/2013 00:00  26/05/2013 00:00 ~ 27/05/2013 00:00 ~ 28/05/2013 00:00 ~ 29/05/2013 00:00 ~ 30/05/2013 00:00 ~ 31/05/2013 00:00

CPO 17 EST - 2 S ——

Well drilled by Hocol in 2010 with a TD of 2834’

CPO-17 BST-2
.

MERLIN-1
]

The target of the well was to reach the C8 member of the Carbonera Formation (Basal SS
of the Oligocene)

Between 2170’ and 2180’ good oil shows were found

The C7 had good oil shows between (2400’ and 2410’) (LT u

Very good oil shows were found in the interval 2665’ to 2713’ in the Oligocene Basal
Sandstone -
AGENCIA NACIONAL DE HIDROCARBUROS
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Merlin Model
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Post drilling model of the Merlin
discovery

The fault throw is about 20 to 35’
with NNW - SSE orientation

In the cores, evidence of kinematic
indicators can be seen
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1ERT AT_welnd )
[

LFro

Petrophysics of the well Merlin — 1

= Oligocene basal sands with
petrophysical oll saturation
calculated in  two different
intervals: 2645-2650" and 2660’-
2685’

2650

AT
L)

Effective porosities around 30%
could be observed in the cleanest
sections of the sandstones
intervals

2630,

AGENCIA NACIONAL DE HIDROCARBUROS
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M 1 I“ 2n a1 A et i bl ™ wm e I.M.'V‘ i Autivas gan L LR G I:I-l Hr

Main structural elements and framework from the southern Llanos Domain could be appreciated
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MPZ (Main Producer Zone)
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PARAMETROS Unidad Distrib. P99 P90 P50 P10 P1 Mean P10/P90
Volumen Roca - Hes K Acre-Pie LogNormal 684 692 703 714 724 703 1
Area Promedio Acres LogNormal 17,216 17,388 17,644 17,912 18,141 17,649 0
Espesor Gross Prom Pies LogNormal 39.79 39.81 39.85 39.89 39.91 39.85 1
Espesor Neto Prom - Hcs Pies LogNormal 9 12 17 23 26 17 2
NTG % Lognormal 22 30 43 58 65 43 2
Factor Geométrico % Normal 100 100 100 100 100 100 1
Porosidad % Normal 25.1 26.1 29.2 32.4 33.8 29.2 1
So % Normal 50 53 62 72 75 63 1

0 0 0 0 0 0 1
Bo BLS/STB Normal 1.0226 1.0240 1.0280 1.0320 1.0334 1.0280 1
% C o 0 0 C o 1 These tables show the OOIP for the MPZ

and ROZ respectively

ROZ (Residual Oil Zone)

The mean for the MPZ is 417,8 MMBLS

p OS P 0D DS DEL PROSP 0 0
: JHAOn = The mean for the ROZ is 175,1 MMBLS
PARAMETROS Unidad Distrib. P99 P90 P50 P10 P1 Mean P10/P90

Volumen Roca - Hes K Acre-Pie LogNormal 354 400 409 418 425 409 1
Area Promedio Acres LogNormal 16,453 16,678 17,010 17,325 17,561 17,007 0
Espesor Gross Prom Pies LogNormal 24.00 24.01 24.03 24,11 24.21 24.05 1
Espesor Neto Prom - Hcs Pies LogNormal 5 7 10 14 16 10 2
NTG % Lognomal 22 30 43 58 65 43 2
Factor Geométrico % Normal 100 100 100 100 100 100 1
Porosidad % Normal 25.1 26.1 29.2 32.4 33.8 29.2 1
So % Normal 34 37 45 53 56 45 1
0 0 0 0 0 0 1
Bo BLS/STB Normal 1.0226 1.0240 1.0280 1.0320 1.0334 1.0280 1
% 0 0 0 0 0 0 1

AGENCIA NACIONAL DE HIDROCARBUROS
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TRASGO (CPO 17-2)
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Trasgo evaluation area is bounded by
a polygon located in the municipalities
of Mapiripan y San Martin in the Meta
Department

CPO 11-1

|
I
I
I
| AMBIENTAL ON
|

The area was in exploration activity

CPE-6

carried out by Ecopetrol from 2011 to
| 2016
|
o Initially the contract was known as
o Cafo Sur

e ey Kilometers
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Trasgo - 1

The well Trasgo — 1 was drilled in 2011 by Ecopetrol with a TD of 2934’

It discovered a hydrocarbon accumulation in a structural trap
associated to a high angle reverse fault that juxtaposes the sandy
Carbonera intervals with the shaly ones

Displayi

The well DSTs produced 5471 bbl of fluid with 1240 bbls of of oil (14,6°
API) and 4,231 of formation water (208,6 ppm Cl-)

During the extended test the well produced 55 bopd by o o

Kilometers

Reto - 1
The well Reto — 1 was drilled in 2012 by Ecopetrol with a TD of 2090

The target of the well was proving the Oligocene basal sands in a
structure that consists in a combined trap with closure against El
Viento Fault (E) and onlapping against Paleozoic (W)

The thickness expect of the unit was not found

AGENCIA NACIONAL DE HIDROCARBUROS
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Petrophysics Basal Sands
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%AREAS Structural Map: Top Oligocene Basal Sands and
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3 & | 8

-l [ 2

i 8
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The ANH has presented three areas that are located into the trend known as the Heavy Oil Belt. Those areas are CPO 16, CPO
17-1 and CPO 17-2

Most of the areas have had an exploratory activity with proven oil systems. Due to oil prices and development of heavy oil
reservoirs most of them were not declared commercial

As result of the exploratory activity the areas are well covered with 2D seismic surveys and 4 3D seismic surveys located in
what are thought as prospective areas

The exploration led to the definition of 4 potential areas, one of them a truly developed field: Rio Ariari, Avellana (Chiguiro),
Merlin & Trasgo

The main reservoirs are located in the lower Mirador and lower Carbonera. However there is a chance of having a huge gas
potential into the Palaeozoic sequence

The areas of Rio Ariari and Merlin have an OOIP of 1,805 MMbbl and 592,9 MMbbl respectively, while the area of Trasgo has
calculated contingent resources of 0,415 MMbbl
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