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ABSTRACT
Colombia is a gas producing country, which has allowed it to maintain a high level of self-sufficiency for the past 40 years, including 
Natural Gas (NG) and liquefied petroleum gas (LPG) in activities primarily related to residential consumption, industry, and 
transportation. According to official data from the National Hydrocarbons Agency (ANH by its Spanish acronym), the total gas 
discovered in Colombia reaches 27 Tcf (Original gas in place - OGIP). The estimation of gas prospective resources in the Colombian 
onshore basins with commercial hydrocarbon production, where the presence of discovered gas has been concentrated, contributes 
to guiding exploration and production activities. The selected method to estimate the gas resources was proposed by Zetaware, a 
leading company in petroleum system modeling, and is called SREPC (Source Rock Expulsion Potential Calculator). In this study, 
it is used for the first time in Colombia to discriminate prospective resource of oil and total gas. The statistical analysis of the gas 
composition samples representative of the evaluated basins was used to estimate the amount of wet gas (probable source of LPG) 
with the parameter C3+ greater than 5%. The gas prospective resource estimation shows an important potential related with the 
current hydrocarbon production areas; total gas (including dry and wet gas) is close to 39.6 Tcf (Trillion cubic feet) while wet gas is 
about 21.1 Tcf (approximately 60% of the total resources to be discovered). The largest gas resources are in the Middle Magdalena 
basin with 10.39 Tcf, the Cordillera basin with 7.54 Tcf, and the Llanos Basin-Foothills Domain with 6.15 Tcf. In terms of prospective 
wet gas resources, the most promising basins are Middle Magdalena (5.9 Tcf) and Llanos-Foothills Domain (5.9 Tcf).

Keywords: gas; hydrocarbons; liquefied petroleum gas; onshore basins; prospectivity; prospective resources; yet-to-find 

gas; wet gas.
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RESUMEN
Colombia es un país productor de gas, lo que le ha permitido mantener un alto nivel de autoabastecimiento durante los últimos 
40 años, incluyendo gas natural (GN) y gas licuado de petróleo (GLP) en actividades relacionadas principalmente con el consumo 
residencial, la industria y el transporte. Según datos oficiales de la Agencia Nacional de Hidrocarburos (ANH), el total de gas 
descubierto en Colombia alcanza las 27 Tcf (Gas Original en El Sitio - GOES). La estimación de los recursos prospectivos de gas 
en las cuencas terrestres colombianas con producción comercial de hidrocarburos, donde se ha concentrado la presencia de gas 
descubierto, contribuye a orientar las actividades de exploración y producción. El método seleccionado para estimar los recursos de 
gas fue propuesto por Zetaware, empresa líder en modelación de sistemas petroleros, y se denomina SREPC (Source Rock Expulsion 
Potential Calculator). En este estudio, se utiliza por primera vez en Colombia para discriminar recurso prospectivo de petróleo 
y gas total. El análisis estadístico de las muestras de composición del gas representativas de las cuencas evaluadas se utilizó para 
estimar la cantidad de gas húmedo (fuente probable de GLP), con un parámetro C3+ superior al 5%. La estimación de los recursos 
prospectivos de gas muestra un importante potencial relacionado con las actuales zonas de producción de hidrocarburos; el gas 
total (gas seco y húmedo) se aproxima a 39,6 Tcf, mientras que el gas húmedo es de aproximadamente 21,1 Tcf (60% de los recursos 
totales por descubrir). Los mayores recursos de gas se encuentran en la cuenca del Magdalena Medio con 10,39 Tcf, la cuenca de la 
Cordillera con 7,54 Tcf y la cuenca de los Llanos Orientales-Dominio Piedemonte con 6,15 Tcf. En términos de recursos prospectivos 
de gas húmedo, las cuencas más prometedoras son la del Magdalena Medio (5,9 Tcf/ 5923 Gpc) y la de Llanos Orientales-Dominio 
Piedemonte (5,9 Tcf/ 5904 Gpc).

Palabras clave: cuencas onshore; gas; gas húmedo; gas licuado del petróleo; gas Yet-to-Find; hidrocarburos; prospectividad; 
recursos prospectivos.

1. INTRODUCTION

From a geochemical perspective, wet gas or associated petroleum gas consists of a type of natural 
gas with a methane percentage typically lower than 95% and accompanied by heavier gases such as 
ethane, propane, and butane [1]. These hydrocarbons are transformed and separated into natural gas 
(NG/Methane) and liquefied petroleum gas (LPG/Propane-Butane) through relatively simple in-situ 
processing plants or refineries.

Colombia is a gas producer, a fact that has enabled it to sustain a high degree of self-reliance for 
the past four decades. This ensures the use of both Natural Gas (NG) and Liquefied Petroleum Gas 
(LPG) primarily in residential consumption, industrial activities, and transportation. According to the 
Colombian National Hydrocarbons Agency (ANH by its Spanish acronym), the total amount of gas 
discovered in Colombia amounts to 27 Tcf (Original Gas in Place - OGIP). Although most of the gas 
production and consumption in Colombia is associated with NG (Methane), LPG (Butane and Pentane) 
has gained significant importance because it can contribute to socio-environmental sustainability as a 
transitional energy fuel. Currently, it is part of Colombia’s energy mix and represents 2% of the total 
energy used in the country [2].

The primary use of LPG in Colombia is residential supply. More than three million households —
around six million Colombians— use it as the main cooking fuel [3]. The estimation of gas resources 
in the Colombian onshore basins with commercial hydrocarbon production, where the presence of 
discovered gas has been concentrated, contributes to guiding exploration and production activities. In 
this research, we estimated the gas resources along 7 basins, namely: Lower Magdalena Basin (LMB), 
Middle Magdalena Basin (MMB), Upper Magdalena Basin (UMB), Catatumbo Basin (CAT), Cordillera 
Basin without Foothills Domain (CORD), Llanos Basin plus Foothills Domain (LLAO- FD), and Caguán-
Putumayo Basin (PUT), see Figure 1.
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As part of the estimation of prospective gas resources, we present an analysis of the certified gas 
production information in Colombia for 2021. The data were published by the National Hydrocarbons 
Agency (ANH) [4]. In 2021, 279 fields had certified gas production in the country with a total of 667.7 
Tcf. A total of 250 fields produced gas associated with crude oil production, accounting for 89% of the 
total gas production; 215 out of these fields produce wet gas (77%), with less than 95% methane in their 
composition and more than 5% in the sum of Ethane (C2), Propane (C3), and Butane (C4) [5]. Figure 2 
shows the locations of the wet gas producing fields within the assessed basins. In 2021, the main ones 
were the Foothill Domain, which contributes 71% of the gas production, the Pauto Sur field stands out, 
followed by the Lower Magdalena Basin (15% of gas production) and the Middle Magdalena Basin, with 
4% of the country’s total gas.

Fig 1. Map location of the evaluated basins.
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Fig 2. Locations of wet gas producing fields in the evaluated basins.

2. METHODOLOGY

Prospective resources are estimated quantities of petroleum potentially recoverable from 
undiscovered accumulations in future development projects, and are associated with both geological 
risk and potential for development [6]. The most employed method to estimate prospective 
hydrocarbon resources is mass balance [7], which involves the geostatistical variation of all variables 
defining hydrocarbon generation-expulsion; however, the results are presented in million barrels of 
oil equivalent (MMBOE) without discrimination between crude oil and gas resources. Consequently, 
it became essential to seek an alternative approach that could differentiate the volumes of crude oil 
and gas produced from a specific source rock. The method employed is called Source Rock Expulsion 
Potential Calculator (SREPC) developed by Zetaware [8]; in this research, we used it for the first time 
in Colombia to discriminate prospective oil and total gas resources. The SREPC is showed in Figure 3.
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Fig 3. Zetaware’s SREPC calculator with input and output data to calculate oil and gas resources separately. Modified from [8].

To apply the SREPC calculator, it is necessary to estimate the quantity of hydrocarbons and the 
expelled composition from the source rock (gas/oil ratio-GOR). The quantity of crude oil and gas 
and the GOR of petroleum ultimately expelled from a source rock can be determined from original 
hydrocarbon potential parameters obtained from Rock-Eval pyrolysis data interpretation. This 
method enables calculating the hydrocarbon expulsion potential (oil, gas, and total hydrocarbons) 
from a source rock using basic parameters of geochemical evaluation: original hydrogen index–HI 
(mg/gTOC), effective thickness (in meters), and total organic carbon in percentage (% TOC).

The results correspond to the volume of hydrocarbons expelled from the source rock per square 
kilometer (oil, gas, and total hydrocarbons). The quantity of gas versus oil expelled is based on published 
data [9]. Similar to the mass balance methodology, the SREPC calculator considers variability in GOR, 
API gravity of oil, and density of the source rock, and all volumes are in surface conditions (MMbbls= 
million barrels, and Tcf= Tera cubic feet). The volumes of oil and gas expelled and estimated by this 
method are multiplied by the area of the pod of active source rock (oil and gas windows).

Once the values of the expelled hydrocarbon volumes are obtained, it is necessary to obtain the 
hydrocarbons available for trapping. Hydrocarbon trapping is a highly inefficient process, with two 
factors responsible for most losses: (1) retention of oil in source rocks; (2) dispersion during migration 
[10,11]. Globally, it is typically observed that only 2% of the total volume of the generated liquid 
hydrocarbons remains in traps on average, and 98% is lost in processes such as retention in source 
rocks (45%), dispersion during migration (13%), and escape to the surface (40%) [12]. However, each 
basin or pod of active source rocks has its own indicators and in prolific basins like the Maracaibo 
Basin in Venezuela it could be up to 12% [13, 14]. According to this model, the volume of expelled 
hydrocarbons is multiplied by a factor known as Migration Losses (%) [11] to obtain the total gas 
and oil available for trapping. In this process, hydrocarbon molecules experience losses when they 
are unable to ascend due to their dissolution in the rock’s water content or their attachment to the 
rock’s granular structure. This phenomenon tends to affect gas more significantly than oil. Such losses 
can be considerable, especially over extended migration paths, which can make certain source rock 
hydrocarbons impractical for extraction [11]. The migration loss is a parameter difficult to calculate 
and is the one with the highest degree of uncertainty to the final calculation. Based on regional basin 
modeling, this parameter was proposed for each evaluated basin. Equation 1 [7] is used to calculate 
the Available Resources (AR):
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AR= Expelled HC – (Expelled HC * Migration Losses (%)) (1)

To calculate total prospective resources, it is necessary to apply a factor called Probability of Discovery 
or probability of success (PoS) [15] to the value of resources available for trapping. In hydrocarbon 
exploration production processes, four necessary aspects to calculate the probability of success (PoS) 
are considered: Source Rock, Reservoir Rock, Trap, and Migration–Timing. All these are elements and 
processes of the petroleum system [16]. The discovery of hydrocarbons in a specific area is determined 
by the assessment, knowledge, and available data to mature prospect options regarding the described 
elements and processes. Each basin or region has a historical average of success probability or failure in 
hydrocarbon exploration. In this evaluation, an average percentage of the probability of discovery for 
each basin was taken from an assessment developed by the National Hydrocarbons Agency [14].

In the next step, to determine prospective resources to be discovered (Yet-to-Find), it is necessary to 
subtract the amount of gas already discovered (OGIP) from the available resources. The discovered gas 
data were taken from the gas prospectivity study conducted by the National Hydrocarbons Agency [17]. 

Once the prospective gas resources were calculated, the statistical analysis of the composition (C1 to 
C5) of 193 gas samples representative of all the evaluated basins was used to estimate wet gas (probable 
source of LPG) with the parameter C3+ greater than 5%. Figure 4 shows the results of the percentage 
used to determine the amount of wet gas by basin [5].

3. RESULTS

The estimation of prospective resources includes reviewing the gas production data of 2021 published 
by the ANH for each evaluated basin as follows:

Lower Magdalena Basin (LMB): In this basin, production was certified in 30 fields with a total of 
98.2 Tcf (15% of the total produced in the country), making it the third most important gas producing 
basin after Foothills Domain and La Guajira Offshore (not included in this analysis). The main producing 
fields were Clarinete, Nelson, and Mamey. The Clarinete field is exclusively a dry gas producer, while 
in the other fields gas production is associated with liquid hydrocarbon production. The estimate of 
prospective resources (YTF) was based on two source rock intervals (San Jacinto Formation and Ciénaga 
de Oro Formation) and three pods of active source rocks (Plato, San Jorge, and Jobo-Tablón), see Table 
1. The results indicate prospective gas resources of 3.18 Tcf for this basin, out of which 23% (731 Tcf) 
corresponds to possible wet gas, source for LPG.

Middle Magdalena Basin (MMB): In this basin, gas production from 54 fields was certified with a 
total of 24 Tcf (4% of the total produced in the country). The main producing fields were Suerte, Santos, 
Provincia, Payoa, La Cira, and Yariguí-Cantagallo. Gas produced there corresponds mostly to gas 
associated with crude oil production. The estimate of prospective resources (YTF) was based on two 
Cretaceous source rock intervals (La Luna/Frontera and Tablazo/Socotá Formations) and four pods of 
active source rocks (Santa Lucía, Cristalina-Nuevo Mundo, San Fernando, and Guaduas), see Table 2. For 
this basin, results suggest prospective gas resources of 10.39 Tcf, of which 57% (5.9 Tcf) corresponds to 
possible wet gas source for LPG. This basin has the highest prospective resources for total gas and also 
for potential prospective resources for wet gas.
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Fig  4. Parameter C3+ greater than 5%. Percentage used to determine the amount of wet gas by basin. Modified from [5].
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Table 1. Total gas and wet gas prospective resources (OGIP). LMB Basin.

METHODOLOGY The Source Rock Expulsion Potential Calculator (ZETAWARE) SREPC

BASIN LMB Parameters Units Pod 
Active.

PLATO P.A.. SAN 
JORGE

P.A.. JOBO 
TABLON

TOTALS

Eocene Ciénaga 
de Oro

Ciénaga 
de Oro

Ciénaga 
de Oro

INPUT DATA Active Pod Area Km2 3600 1600 3000 380

Original HI mgHC/grTOC 550 250 270 270

Effective Thickness Source 
Rock

Meters 130 70 120 100

Original TOC % 4 2 3 2.5

CALCULATIONS 
SREPC

Expelled oil/Km2 Mmbp/km2 36.7 3.4 9.8 5.4

Expelled gas/Km2 Gct/km2 78.7 16.6 43.6 24.4

Total Hydrocarbon 
Expelled/Km2

Mmboe/km2 50.3 6.3 17.3 9.6

RESULTS Expelled Oil Mmbo 132120.0 5440.0 29400.0 2052.0 169012.0

Expelled Gas Gcf 283320.0 26560.0 130800.0 9272.0 449952.0

Expelled Gas Tcf 283.3 26.6 130.8 9.3 450.0

Total Hydrocarbon Expelled Mmboe 181080.0 10080.0 51900.0 3648.0 246708.0

Factor Loss due to 
migration%

% 90% 90% 90% 90%

Available Oil Mmbo 13212.0 544.0 2940.0 205.2 16901.2

Available Gas Tcf 28.3 2.7 13.1 0.9 45.0

Total Available 
Hydrocarbons

Mmboe 18108.0 1008.0 5190.0 364.8 24670.8

Success Probability % 15% 15% 15% 15%

Prospective Oil Resources Mmbo 1981.8 81.6 441.0 30.8 2535.2

Prospective Gas Resources Tcf 4.2 0.4 2.0 0.1 6.7

Prospective Hydrocarbons 
Resources

Mmboe 2716.2 151.2 778.5 54.7 3700.6

Discovered Gas – OGIP 
2020

Tcf 3.6

Prospective Gas Resources Tcf 3.2

Prospective Wet Gas 
Resources (23%)

Tcf 0.73

Upper Magdalena Basin (UMB): In this basin, the production of 35 fields was certified with a total of 
5.74 Tcf (less than 1% of the total gas production certified in the country). The main gas producing fields 
were La Cañada Norte, San Francisco, and Matachín Norte. All fields with certified gas production in 
2021 are associated with crude oil production and correspond to wet gases. The prospective resource 
calculation (YTF) was based on two Cretaceous source rock intervals (La Luna-Lomagorda and Tetuan 
formations) and five pod of active source rocks (Apicalá West, El Sapo, Hilarco, Neiva, and Gigante; see 
Tables 3 and 4). The results indicate that there are prospective gas resources of 2.14 Tcf, of which 1.4 Tcf 
(67%) correspond to wet gas, a potential source of LPG.
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Table 2. Total gas and wet gas prospective resources (OGIP). MMB Basin.

METHODOLOGY The Source Rock Expulsion Potential Calculator (ZETAWARE) SREPC

BASIN MMB Parameters Units SANTA LUCIA CRISTALINA NUEVO MUNDO 
SAN FERNANDO

GUADUAS TOTALS

Galembo Pujamana Salada Tablazo Frontera Socotá

INPUT DATA Active Pod Area Km2 7200 7200 7200 7200 2000 2300

Original HI mgHC/grTOC 570 350 400 450 500 450

Effective Thickness Source 
Rock

Meters 200 100 120 200 80 80

Original TOC % 3.5 2.5 3.5 6 3.5 4

CALCULATIONS 
SREPC

Expelled oil/Km2 Mmbp/km2 44.4 8 17.2 65.6 17.7 17.7

Expelled gas/Km2 Gct/km2 92.3 26.5 49.5 168.6 41.3 45.5

Total Hydrocarbon Expelled/
Km2

Mmboe/km2 60.3 12.6 25.7 94.7 24.8 25.5

RESULTS Expelled Oil Mmbo 319680.0 26244.1 112778.7 383022.0 34733.1 38584.2 915042.1

Expelled Gas Gcf 664560.0 190800.0 356400.0 1213920.0 82600.0 104650.0 2612930.0

Expelled Gas Tcf 664.6 190.8 356.4 1213.9 82.6 104.7 2612.9

Total Hydrocarbon Expelled Mmboe 434160.0 45395.2 175197.1 564602.8 48665.6 55587.4 1323608.1

Factor Loss due to migration% % 95% 95% 95% 98% 98% 98%

Available Oil Mmbo 15984.0 1312.2 5638.9 7660.4 694.7 771.7 32061.9

Available Gas Tcf 33.2 9.5 17.8 24.3 1.7 2.1 88.6

Total Available Hydrocarbons Mmboe 21708.0 2269.8 8759.9 11292.1 973.3 1111.7 46114.7

Success Probability % 15% 15% 15% 15% 15% 15%

Prospective Oil Resources Mmbo 2397.6 196.8 845.8 1149.1 104.2 115.8 4809.3

Prospective Gas Resources Tcf 5.0 1.4 2.7 3.6 0.2 0.3 13.3

Prospective Hydrocarbons 
Resources

Mmboe 3256.2 340.5 1314.0 1693.8 146.0 166.8 6917.2

Discovered Gas – OGIP 2020 Tcf 2.9

Prospective Gas Resources Tcf 10.4

Prospective Wet Gas 
Resources (57%)

Tcf 5.9
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Table 3. Total gas and wet gas prospective resources (OGIP). UMB Basin. Girardot Subbasin.

METHODOLOGY The Source Rock Expulsion Potential Calculator (ZETAWARE) SREPC

GIRARDOT SUBBASIN

BASIN UMB Parameters Units A.P APICALA WEST A.P. EL SAPO A.P. HILARCO TOTALS

Tetuán La Luna Tetuán La Luna Tetuán La Luna

INPUT DATA Active Pod Area Km2 250 250 470 470 400 400

Original HI mgHC/grTOC 500 500 550 400 450 400

Effective Thickness Source 
Rock

Meters 150 100 150 100 150 125

Original TOC % 6 4.0 6 4.0 5 4.0

CALCULATIONS 
SREPC

Expelled oil/Km2 Mmbp/km2 56.0 25.2 52.6 19.0 41.2 23.7

Expelled gas/Km2 Gct/km2 130.8 58.8 112.9 54.7 106.0 68.4

Total Hydrocarbon Expelled/
Km2

Mmboe/km2 78.6 35.3 72.1 28.4 59.5 35.5

RESULTS Expelled Oil Mmbo 14000.0 6300.0 24722.0 8930.0 16480.0 9480.0 79912.0

Expelled Gas Gcf 32700.0 14700.0 53063.0 25709.0 42400.0 27360.0 195932.0

Expelled Gas Tcf 32.7 14.7 53.1 25.7 42.4 27.4 195.9

Total Hydrocarbon Expelled Mmboe 19650.0 8825.0 33887.0 13348.0 23800.0 14200.0 113710.0

Factor Loss due to 
migration%

% 95% 95% 95% 95% 95% 95%

Available Oil Mmbo 700.0 315.0 1236.1 446.5 824.0 474.0 3995.6

Available Gas Tcf 1.6 0.7 2.7 1.3 2.1 1.4 9.8

Total Available 
Hydrocarbons

Mmboe 982.5 441.3 1694.4 667.4 1190.0 710.0 5685.5

Success Probability % 13% 13% 13% 13% 13% 13%

Prospective Oil Resources Mmbo 91.0 41.0 160.7 58.0 107.1 61.6 519

Prospective Gas Resources Tcf 0.2 0.1 0.3 0.2 0.3 0.2 1.3

Prospective Hydrocarbons 
Resources

Mmboe 127.7 57.4 220.3 86.8 154.7 92.3 739

Discovered Gas – OGIP 2020 Tcf 0.0

Prospective Gas Resources Tcf 1.3

Prospective Wet Gas 
Resources (64%)

Tcf 0.82
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Table 4. Total gas and wet gas prospective resources (OGIP). UMB Basin. Neiva Subbasin.

METHODOLOGY The Source Rock Expulsion Potential Calculator (ZETAWARE) SREPC

NEIVA SUBBASIN

BASIN UMB Parameters Units A.P. NEIVA A.P. GIGANTE-NEIVA TOTALS

La Luna La Luna Tetuán

INPUT DATA Active Pod Area Km2 150 270 1.500

Original HI mgHC/grTOC 450 450 450

Effective Thickness Source Rock Meters 70 70 120

Original TOC % 4 4 5.0

CALCULATIONS 
SREPC

Expelled oil/Km2 Mmbp/km2 15.5 15.5 33.0

Expelled gas/Km2 Gct/km2 39.8 39.8 84.8

Total Hydrocarbon Expelled/Km2 Mmboe/km2 22.4 22.4 46.6

RESULTS Expelled Oil Mmbo 2325.0 4185.0 49500.0 56010.0

Expelled Gas Gcf 5970.0 10746.0 127200.0 143916.0

Expelled Gas Tcf 6.0 10.7 127.2 143.9

Total Hydrocarbon Expelled Mmboe 3360.0 6048.0 69900.0 79308.0

Factor Loss due to migration% % 95% 95% 95%

Available Oil Mmbo 116.3 209.3 2475.0 2800.5

Available Gas Tcf 0.3 0.5 6.4 7.2

Total Available Hydrocarbons Mmboe 168.8 302.4 3495.0 3965.4

Success Probability % 13% 13% 13%

Prospective Oil Resources Mmbo 15.1 27.2 321.8 364

Prospective Gas Resources Tcf 0.0 0.1 0.8 0.9

Prospective Hydrocarbons Resources Mmboe 21.8 39.3 454.4 516

Discovered Gas – OGIP 2020 Tcf 0.1

Prospective Gas Resources Tcf 0.9

Prospective Wet Gas Resources (64%) Tcf 0.55

Catatumbo Basin (CAT): In the Catatumbo Basin, the production of 7 fields was certified with a total 
of 5.74 Tcf (less than 1% of the total produced in the country). The production of the Oripaya and Tibú 
fields stands out. Gas is associated with crude oil production in the Tibú, Sardinata, and Rio Zulia fields; 
while the Cerro Gordo, Oripaya, Cerrito, and T-Burns fields are reported as gas-only producing fields. 
The gases from the Tibú, Río Zulia, and Sardinata fields are wet. The prospective resource calculation 
(YTF) was based on three Cretaceous source rock intervals (Uribante, Capachos and La Luna formations) 
and one pod of active source rocks (see Table 5). The results indicate that there are prospective gas 
resources of 3.4 Tcf, of which 70% (2.4 Tcf) corresponds to wet gas, a potential source of LPG.

Cordillera Basin (CORD): In this basin, the production of 5 fields was certified with a total of 2.07 
Tcf (less than 1% of the total produced in the country). Production comes from the Corrales and Bolívar 
fields in the northern sector of the basin; and Guando, Guando SW, and El Niño in the southern zone 
of the basin. In the Eastern Cordillera Basin, the gases are wet and associated with oil production. The 
prospective resource calculation (YTF) was based on two Cretaceous source rock intervals (Aptian-
Albian and Turonian-Santonian) and three pods of active source rocks (Fusagasugá, Tablazo, and Zona 
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Axial), see Table 6. A fourth pod of active source rocks located in this basin is the Foothills, which is 
located to the east in the transition zone between the Cordillera and the Llanos basins and is responsible 
for the hydrocarbon charge in the Foothills Domain and Llanos Basin. Therefore, the description and 
results of the YTF calculation are presented along with the Llanos Basin. The results for the Cordillera 
Basin indicate that there are prospective gas resources of 7.5 Tcf, of which 35% (2.5 Tcf) corresponds to 
wet gas, a potential source of LPG. This is the second most prospective basin for total gas after MMB.

Llanos Basin - Foothills Domain (LLAO-FD): There are 13 gas producing fields in the Foothills sector, 
of these, Pauto Sur, Cupiagua, Cupiagua Sur, Cusiana, Floreña, Liria, Cusiana Norte, and Floreña Mirador 
fields have the highest cumulative gas production with 468.74 Tcf (70% of the total produced in the 
country), and most of them correspond to associated wet gas. The main gas producing field (2021) was 
the Pauto Sur field with 138.04 Tcf (21%). The gas processing plants at Cusiana since December 2011 
and Cupiagua since October 2019 have supplied nearly 60% of the LPG consumption in Colombia.

Table 5. Total gas and wet gas prospective resources (OGIP). CAT Basin.

METHODOLOGY The Source Rock Expulsion Potential Calculator (ZETAWARE) SREPC

BASIN 
CATATUMBO

Parameters Units ACTIVE POD CATATUMBO TOTALS

Uribante Capachos La Luna

INPUT DATA Active Pod Area Km2 5200 5299 5200

Original HI mgHC/grTOC 500 500 500

Effective Thickness Source Rock Meters 50 70 100

Original TOC % 3.7 4.5 5.0

CALCULATIONS 
SREPC

Expelled oil/Km2 Mmbp/km2 9.5 17.6 31.3

Expelled gas/Km2 Gct/km2 22.2 41.1 73.1

Total Hydrocarbon Expelled/Km2 Mmboe/km2 13.3 24.7 43.9

RESULTS Expelled Oil Mmbo 49400.0 93262.4 162760.0 305422.4

Expelled Gas Gcf 115440.0 217788.9 380120.0 713348.9

Expelled Gas Tcf 115.4 217.8 380.1 713.3

Total Hydrocarbon Expelled Mmboe 69160.0 130885.3 228280.0 428325.3

Factor Loss due to migration% % 96% 96% 96%

Available Oil Mmbo 1976 3730 6510 12216.9

Available Gas Tcf 5 9 15 28.5

Total Available Hydrocarbons Mmboe 2766 5235 9131 17133.0

Success Probability % 13% 13% 13%

Prospective Oil Resources Mmbo 256.9 485.0 846.4 1588

Prospective Gas Resources Tcf 0.6 1.1 2.0 3.7

Prospective Hydrocarbons 
Resources

Mmboe 359.6 680.6 1187.1 2227

Discovered Gas – OGIP 2020 Tcf 0.3

Prospective Gas Resources Tcf 3.4

Prospective Wet Gas Resources 
(70%)

Tcf 2.4
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Table 6. Total gas and wet gas prospective resources (OGIP). CORD Basin.

METHODOLOGY The Source Rock Expulsion Potential Calculator (ZETAWARE) SREPC

BASIN 
CORDILLERA

Parameters Units A.P FUSAGASUGA- A.P. TABLAZO A.P. ZONA AXIAL TOTALS

Turonian-
Santonian

Aptian-
Albán

Turonian-
Santonian

Aptian-
Albán

Turonian-
Santonian

Aptian-
Albán

INPUT DATA Active Pod Area Km2 9400 9400 10500 10500 20000 20000

Original HI mgHC/
grTOC

400 450 400 450 400 450

Effective Thickness Source 
Rock

Meters 100 150 100 150 100 150

Original TOC % 3.5 5.0 3.5 5.0 3.5 5.0

CALCULATIONS 
SREPC

Expelled oil/Km2 Mmbp/km2 14.3 41.2 13.7 41.2 14.3 41.2

Expelled gas/Km2 Gct/km2 41.3 106.0 39.4 106.0 41.3 106.0

Total Hydrocarbon Expelled/
Km2

Mmboe/
km2

21.4 59.5 20.5 59.5 21.4 59.5

RESULTS Expelled Oil Mmbo 134420.0 387280.0 143850.0 432600.0 286000.0 824000.0 2208150.0

Expelled Gas Gcf 388220.0 996400.0 413700.0 1113000.0 826000.0 2120000.0 5857320.0

Expelled Gas Tcf 388.2 996.4 413.7 1113.0 826.0 2120.0 5857.3

Total Hydrocarbon Expelled Mmboe 201160.0 559300.0 215250.0 624750.0 428000.0 1190000.0 3218460.0

Factor Loss due to 
migration%

% 99% 99% 99% 99% 99% 99%

Available Oil Mmbo 13442 38728 14385 43260 286000 824000 1219815.0

Available Gas Tcf 3.9 10.0 4.1 11.1 8.3 21.2 58.6

Total Available 
Hydrocarbons

Mmboe 2011.6 5593.0 2152.5 6247.5 4280.0 11900.0 32184.6

Success Probability % 13% 13% 13% 13% 13% 13%

Prospective Oil Resources Mmbo 1747.5 5034.6 1870.1 5623.8 37180.0 107120.0 158576

Prospective Gas Resources Tcf 0.5 1.3 0.5 1.4 1.1 2.8 7.6

Prospective Hydrocarbons 
Resources

Mmboe 261.5 727.1 279.8 812.2 556.4 1547.0 4184

Discovered Gas – OGIP 
2020

Tcf 0.1

Prospective Gas Resources Tcf 7.5

Prospective Wet Gas 
Resources (33%)

Tcf 2.5
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At the Llanos Basin, the production of 106 fields was certified with a total production of 15.99 Tcf 
(2% of the total produced in the country). All fields produce gas associated with crude oil production. 
The main gas producing fields were Carmentea and Kananaskis, Chichimene, Suria, and Andina. The gas 
from the Andina field is wet and is dried in a plant, producing LPG-gasoline, while the production gas 
from the Chichimene field is being flared. There is no pod of active source rocks in the Llanos Basin, and 
the accumulated hydrocarbons are related to the Foothills Domain. The prospective resource calculation 
(YTF) was based on four source rock intervals (Paleocene, Gachetá, Chipaque, and Fómeque formations) 
and a pod of active source rocks called Foreland-Cordillera, see Table 7. Results indicate that there are 
prospective gas resources of 6.2 Tcf, of which 5.9 Tcf (96%) correspond to wet gas sources of LPG. This is 
the third most prospective basin in terms of total gas and the second one in terms of wet gas.

Table 7. Total gas and wet gas prospective resources (OGIP). LLAO-FD.

METHODOLOGY The Source Rock Expulsion Potential Calculator (ZETAWARE) SREPC

BASIN LLANOS-
FOOTHILLS 
DOMAIN

Parameters Units A.P. FORELAND-COORDILLERA TOTALS

Paleocene Gachetá Chipaque Fómeque

INPUT DATA Active Pod Area Km2 8500 9500 31000 31000

Original HI mgHC/grTOC 350 300 500 550

Effective Thickness Source 
Rock

Meters 50 50 120 150

Original TOC % 3 2 4 5.0

CALCULATIONS 
SREPC

Expelled oil/Km2 Mmbp/km2 6.0 3.2 30.2 35.1

Expelled gas/Km2 Gct/km2 19.8 12.6 70.5 75.3

Total Hydrocarbon Expelled/
Km2

Mmboe/km2 9.4 5.4 42.4 48.1

RESULTS Expelled Oil Mmbo 51000.0 30400.0 936200.0 1088100.0 2105700.0

Expelled Gas Gcf 168300.0 119700.0 2185500.0 2334300.0 4807800.0

Expelled Gas Tcf 168.3 119.7 2185.5 2334.3 4807.8

Total Hydrocarbon Expelled Mmboe 79900.0 51300.0 1314400.0 1491100.0 2936700.0

Factor Loss due to 
migration%

% 97% 97% 97% 97%

Available Oil Mmbo 5100.0 3040.0 93620.0 108810.0 210570.0

Available Gas Tcf 5.0 3.6 65.6 70.0 144.2

Total Available 
Hydrocarbons

Mmboe 7990.0 5130.0 131440.0 149110.0 280550.0

Success Probability % 13% 13% 13% 13%

Prospective Oil Resources Mmbo 663.0 395.2 12170.6 14145.3 27374.1

Prospective Gas Resources Tcf 0.7 0.5 8.5 9.1 18.8

Prospective Hydrocarbons 
Resources

Mmboe 1038.7 666.9 17087.2 19384.3 38177.1

Discovered Gas – OGIP 2020 Tcf 12.6

Prospective Gas Resources Tcf 6.2

Prospective Wet Gas 
Resources (96%)

Tcf 5.9
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Caguán-Putumayo Basin (PUT): In the Caguán-Putumayo Basin, the production of 25 fields was 
certified with a total of 2.74 Tcf (less than 1% of the total produced in the country). Main gas producing 
fields are Orito, Costayaco, and Sucumbíos. All fields producing gas in this basin are associated with crude 
oil production (wet gas). In the Caguán-Putumayo Basin, the calculation was based on three Cretaceous 
source rock intervals (Caballos, Lower Villeta, and Upper Villeta) and two hydrocarbon generating 
foci: Exhumed Cordillera and Platform, see Table 8. The results indicate that there are prospective gas 
resources of 2.5 Tcf, of which 2.3 Tcf (90%) correspond to possible wet gas, sources of LPG.

Table 8. Total gas and wet gas prospective resources (OGIP). PUT Basin.

METHODOLOGY The Source Rock Expulsion Potential Calculator (ZETAWARE) SREPC

BASIN 
CAGUÁN-
PUTUMAYO

Parameters Units A.P. COORDILLERA EXHUMADA – 
MACIZO GARZÓN

A.P. PLATFORM 
PUT

TOTALS

Upper Villeta Lower Villeta Caballos Lower Villeta

INPUT DATA Active Pod Area Km2 10500 10500 10500 2500

Original HI mgHC/grTOC 420 425 275 425

Effective Thickness Source 
Rock

Meters 60 110 31 110

Original TOC % 4.0 4 2.0 4

CALCULA-
TIONS 
SREPC

Expelled oil/Km2 Mmbp/km2 12.1 24.0 2.0 23.0

Expelled gas/Km2 Gct/km2 33.4 65.0 9.0 65.0

Total Hydrocarbon 
Expelled/Km2

Mmboe/km2 17.9 33.2 3.0 33.2

RESULTS Expelled Oil Mmbo 127050.0 252000.0 21000.0 57500.0 273000.0

Expelled Gas Gcf 350700.0 682500.0 94500.0 162500.0 1290200.0

Expelled Gas Tcf 350.7 682.5 94.5 162.5 1290.2

Total Hydrocarbon Expelled Mmboe 187950.0 348600.0 31500.0 83000.0 380100.0

Factor Loss due to 
migration%

% 99% 99% 99% 95%

Available Oil Mmbo 1270.5 2520.0 210.0 2875.0 6875.5

Available Gas Tcf 3.5 6.8 0.9 8.1 19.4

Total Available 
Hydrocarbons

Mmboe 1879.5 3486.0 315.0 4150.0 9830.5

Success Probability % 13% 13% 13% 13%

Prospective Oil Resources Mmbo 165.2 327.6 27.3 373.8 6875.5

Prospective Gas Resources Tcf 0.5 0.7 0.1 1.1 2.5

Prospective Hydrocarbons 
Resources

Mmboe 244.3 453.2 41.0 539.5 1278.0

Discovered Gas – OGIP 
2020

Tcf 0.0

Prospective Gas Resources Tcf 2.5

Prospective Wet Gas 
Resources (90%)

Tcf 2.3
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4. DISCUSSION AND CONCLUSIONS

Gas is a fossil fuel of vital importance in the Colombia energy transition. Over the last 20 years, 
the country has achieved a high level of self-sufficiency in gas production and consumption. Based on 
forecasts from the Mining and Energy Planning Unit (UPME by its Spanish acronym) [18], the current 
level of self-sufficiency could be greatly reduced within a timeframe of under three years, if no new 
reserves are discovered, the country will be forced to import increasing quantities of gas at high prices, 
which will increase the domestic price of natural gas (NG) and liquefied gas (LPG). Currently, 80% of the 
gas produced in Colombia is associated with the production of oil, which indicates that the prospectivity 
of gas in most cases is linked to the prospectivity of liquid hydrocarbons.

The calculation of prospective hydrocarbon resources and their associated uncertainties has been 
a subject of global interest [19,20,21]. In Colombia, for over a decade, the ANH studies related to the 
estimation of prospective hydrocarbons resources [22,23,24,25] have not differentiated how much of 
the gas to be discovered could be wet (potential source of LPG). This research represents the first effort 
to estimate the wet gas potential in the onshore basins with commercial production in Colombia.

The results of this research indicate that there is a potential of 39.6 Tcf, of which approximately 60% 
(21.1 Tcf / 2107Gcf) corresponds to wet gas as a possible source of LPG. Considering that approximately 
27 Tcf (OGIP) have been discovered in the country, these prospective resources indicate that, with an 
increase in oil and gas exploration activity, it is possible to maintain the levels of gas self-sufficiency. 
According to the distribution of these prospective resources, the potential of these basins varies 
considerably from one to another, see Figure 5.

In the Lower Magdalena basin (LMB), prospective gas resources are 3.18 Tcf, of which 0.7 Tcf (23%) 
correspond to wet gas. The main potential at this basin is dry gas. In the Middle Magdalena basin (MMB), 
prospective gas resources were estimated at 10.39 Tcf, of which 5.9 Tcf (57%) correspond to wet gas. 
This basin holds the highest expectations for the discovery and production of both dry and wet gas. In 
the Upper Magdalena Basin (UMB), there are prospective gas resources of 2.14 Tcf, of which 1.4 Tcf 
(63%) correspond to wet gas. Although gas resources are not very high, it is important to highlight that 
the gas from this basin could supply natural gas to intermediate cities such as Neiva and Ibague, and 
LPG to the rural areas of Huila, Tolima, and Cundinamarca departments. The Catatumbo Basin (CAT) 
presents prospective gas resources of 3.4 Tcf, of which 2.4 Tcf (70%) correspond to wet gas. This basin, 
located nearer to the Norte de Santander department, is the source of all the gas produced in the fields 
that currently serves the region. Its potential would enable improving the supply of dry and wet gas 
for the economic development of this region of Colombia, which is not connected by pipeline to the 
main gas supply sources. In the Llanos Basin-Foothills Domain (LLAO-FD), prospective gas resources 
were estimated at 6.2 Tcf, of which 5.9 Tcf (96%) correspond to wet gas. The Foothills Domain, within 
this region, has been the primary supplier of the central Andean region, including Bogotá. It is home to 
facilities that produce the majority of LPG, catering to the nation’s demand. 

The calculated prospective resources of dry and wet gas have the potential to continue being the 
most important sector for gas production in Colombia. Unfortunately, the current active fields are in a 
mature state and in decline, so it would be essential to make exploratory efforts to define new exploration 
concepts to get these resources. The results in the Cordillera Basin (CORD) indicate that prospective 
gas resources reach 7.5 Tcf, of which 2.5 Tcf (33%) correspond to wet gas as a source of LPG. This basin 
and Middle Magdalena Basin (MMB) hold the highest expectations of prospective gas resources (dry 
and wet). In the Caguán-Putumayo Basin (PUT), prospective gas resources amount to 2.5 Tcf, of which 
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2.3 Tcf (90%) correspond to wet gas. Although the prospective resources of this basin are limited, it is 
possible that the Putumayo department benefits from natural gas and LPG sources for self-sufficiency.

Table 9 and Figure 6 show that the basins with the highest prospectivity for total gas are Middle 
Magdalena Basin (MMB) with 10.4 Tcf, followed by the Cordillera Basin (COR) with 7.54 Tcf, and the Llanos 
Basin-Foothills Domain (LLAO-FD) with 6.15 Tcf. Regarding the prospectivity of wet gas, the ranking in 
order of importance shows the Llanos Basin-Foothills Domain (LLAO-FD) and Middle Magdalena Basin 
(MMB), both with 5.9 Tcf of prospective wet gas resources. The Cordillera, Catatumbo, and Putumayo 
basins appear next, each with just over 2 Tcf.

Fig 5. Map distribution of total and wet gas prospective resources in the evaluated basins.

The main current producer of LPG in Colombia is the Foothills Domain, with fields such as Pauto, 
Cusiana, Cupiagua, Volcanera, Floreña, and Liria. The exploratory maturity in this sector is high; to find 
more liquid and gaseous hydrocarbons, a significant technological and scientific effort will be required 
to access these prospective resources. In basins such as Catatumbo, Upper Magdalena Basin, and 
Putumayo, there is little gas potential, but it can positively impact the development of these regions.
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Table 9. Prospective Resources in the evaluated basins (Total Gas and Wet Gas).

BASIN/AREA  LMB MMB UMB CAT CORD LLAO/FD PUT TOTAL

Gas Available Tcf 45.00 88.61 16.99 28.53 58.57 144.23 19.40 401.3

Success Probability % 15% 15% 13% 13% 13% 13% 13%  

Prospective Resources Tcf 6.7 13.3 2.2 3.7 7.6 18.8 6.8 59.1

Discovered Gas (OGIP 2020) Tcf 3.57 2.90 0.07 0.30 0.07 12.60 0.00 19.5

Gas Prospective Resources Tcf 3.18 10.39 2.14 3.41 7.54 6.15 2.52 35.3

% Probability C3 + 5% % 23% 57% 64% 70% 33% 96% 90% 60.0%

Wet Gas Prospective Resources Tcf 0.731 5.92 1.37 2.39 2.49 5.90 2.27 21.1

Wet Gas Prospective Resources Gcf 731.2 5923.3 1369.0 2386.6 2489.7 5904.4 2270.0 21074.2

Fig 6. Prospective Resources in the evaluated basins (Total Gas and Wet Gas).
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