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Abstract 

 

Developing a Vaca Muerta Shale Play: An Economic Assessment 

Approach 

 

Diego Ernesto Sierra, M.S.E.E.R. 

The University of Texas at Austin, 2016 

 

Supervisors:  Svetlana Ikonnikova and William Fisher 

 

A total of 450 production wells are in operation in Argentina’s Vaca Muerta shale 

formation as of February 2016, of which 90% were drilled since 2013. In order to assess 

the economic value of the vertical, directional, and horizontal wells and understand the 

potential future shale play development, a data-driven approach is developed. First, 

historical production data are used to derive a 10-year production forecast, using decline 

curve analysis. Then, well profitability is assessed applying a discounted cash flow model 

for a sample of vertical, directional, and horizontal wells in the Loma Campana field. 

Initial oil and gas production rates reached 172.56 BBL/day and 309.42 Mcf/day for the 

median vertical well, 392.81 BBL/day and 587.76 Mcf/day for the median directional 

well, and 456.75 BBL/day and 571.46 Mcf/day for the median horizontal well. Based on 

the production histories, 10-year cumulative oil and gas production is expected to reach 

76,389 BBL and 97,772 Mcf for the median vertical well, 174,701 BBL and 261,402 Mcf 

for the median directional well, and 203,134 BBL and 254,154 Mcf for the median 

horizontal well. The median vertical well is found to have a negative net present value 
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(NPV) for any possible discount rate, while median directional and horizontal wells can 

be expected to give NPV (10%) values of $0.41 and $1.14 million, respectively, under 

the current fiscal and contractual conditions in the country. Internal rates of return for the 

median directional and horizontal wells were found to be 15.15% and 26%, respectively, 

while their break-even oil prices at a 10% discount rate were found to be $54.65 and 

$47.23 per BBL, respectively. Thus, the production profiles and well economics 

assessment allows to suggest that directional and horizontal wells could be economically 

viable under the country’s current economic environment, including oil and gas price 

subsidies.  
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Chapter 1:  Introduction 

The increasing demand for energy is a trend that is likely to continue to become 

more apparent as the global economy stays its course of rapid growth. Unconventional 

resources have emerged as a highly important supply for nations and industries seeking to 

ensure their procurement at reliable and economical levels. Argentina is among such 

nations facing this difficult task and will encounter significant hurdles along the way. 

With a nearly 50% share of its energy mix and power generation nationwide reaching 

60% (CAMMESA, 2014), Argentina’s economy depends heavily on its 4 billion cubic 

feet (Bcf) per day of domestic conventional gas production and imports via pipeline or 

liquefied natural gas (LNG) regasification terminals (IAPG, 2014). The country’s shift 

from a net exporter to a significant net importer of natural gas in the last decade has 

resulted in tremendous economic and political difficulties (Figure 1). 

 

Figure 1: Argentina natural gas imports and exports (based on SIPG-IAPG, 2014) 
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The Neuquén Basin in central west Argentina is considered to be the most 

significant of the country’s six productive basins and produces close to 50% of domestic 

gas supply (IAPG, 2014). Breakthroughs in production technology and elevated oil and 

gas prices in recent years have given rise to an “unconventional oil and gas revolution” in 

the United States and, consequently, through the rest of the world (Yergin, 2011). Among 

the numerous shale formations worldwide, Argentina’s Vaca Muerta stands out as one of 

the largest in terms of risked gas in-place and technically recoverable shale gas at 1,202 

Tcf and 308 Tcf, respectively. It also holds 270 billion barrels of risked oil in-place of 

which 16 billion barrels is technically recoverable (EIA, 2013). The development of its 

unconventional resources could significantly impact the domestic natural gas market, 

including the electric power generation sector, and position Argentina as a central 

participant in the region. 

In order to evaluate the Vaca Muerta opportunity, existing production operations 

must be examined and analyzed. However, it is important to gain a firm understanding of 

the motivations and context within the country and the industry as well as why it is 

critical to carry out this future shale play cautiously. In addition, obtaining the necessary 

data to perform such analysis and having the right tools will be fundamental for learning 

about this development that is still at very early stages. Finally, testing different scenarios 

can allow for the possibility of identifying some of the risks involved in oil and gas 

production in the Vaca Muerta formation. 
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Chapter 2:  Motivation and Context 

Many factors are involved in the development of a shale play and these include 

the geology of the region of interest, the technology that has allowed commercial 

production of oil and gas from shale formations, and the sector-specific conditions that 

are responsible for the increasing interest in developing unconventional resources. 

Domestic demand-side factors as well as regional supply-side factors have also made it 

attractive to explore and produce shale oil and gas in Argentina. This chapter reviews 

various motives and the existing framework that have given rise to the Vaca Muerta 

shale. 

GEOLOGICAL OVERVIEW 

Occupying an area of approximately 25,830 square miles, the Neuquén Basin in 

central west Argentina features strata from Late Triassic to Early Cenozoic age (Garcia et 

al. 2013). It is a “retro-arc basin developed in Mesozoic times in the Pacific margin of 

South America” (Kietzmann et al., 2014). The basin borders the Andes Mountains on the 

west, the Colorado Basin on the east, and the North Patagonian Massif on the southeast 

and extends through parts of the La Pampa, Mendoza, Neuquén, and Rio Negro 

provinces. The Neuquén Basin’s area coverage is extensive and this is critical for its rich 

resource zones (Figure 2). 
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Figure 2: Map of the Neuquén Basin, Vaca Muerta and its resource zones (from EIA/ARI 

2013) 

Its stratigraphic sequence is 23,000 feet in thickness and contains evaporite, 

carbonate, and marine clastic non-carbonate rocks (Manceda & Figueroa, 1995). The 

history of the Neuquén Basin can be described in three major tectonic events: an 

extensional system where narrow deposits took place during the Late Triassic to Early 

Jurassic. In addition, continental and marine deposits occurred as a result of regional 

thermal subsidence from Early Jurassic to Late Cretaceous (Vergani et al., 2005). Finally, 

a compressive deformation system during the Late Cretaceous resulted in the occurrence 

of a succession of fold and thrust belts where Mesozoic outcrops were exposed (Ramos & 

Folguera, 2005). There are two key components in the basin: the Andean sector where the 
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compressed deformation is most prominent and the Neuquén Embayment that contains 

thicker strata sequences is located north of the city of Neuquén (Garcia et al., 2013). 

The Vaca Muerta formation is a Late Jurassic-Early Cretaceous formation and is 

one of the two major shale gas resources in the Neuquén Basin. It is made up of thin 

sequences of organic-rich shale, marls, and limestone and is estimated to range from 200 

to 1,700 feet in thickness and thickens from southeast to northwest (Aguirre-Urreta et al., 

2008) (Figure 3). 

 

Figure 3: Thickness map of the Vaca Muerta formation (DGIyE, 2014) 
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 It belongs in the Mendoza Group, a stratigraphic sequence of Tithonian-

Valanginian age deposited as a result of rapid marine flooding in the Neuquén Basin 

(Legarreta and Uliana, 1991, 1996). Specifically, the Lower Mendoza Mesosequence of 

the Mendoza Group contains the Vaca Muerta formation (Figure 4) (Kietzmann et al., 

2014). 

 

Figure 4: Stratigraphic chart of the neuquén basin, Mendoza Group, and Vaca Muerta 

Formation (Kietzmann, 2014). 

The formation is described as being sectioned into three parts: upper, lower, and 

middle. The three parts have a distinction in the changes in their lithology and 

sedimentary structures arising from differences in the depositional environment (Garcia 

et al, 2013). The lower part of the Vaca Muerta formation belongs to an interior 

carbonate platform initiating from a constrained ocean. Deposits show the occurrence of 

marls, carbonates, and limestone in an interchanging sequence better known as 

interdigitation. The middle part of the Vaca Muerta formation characterizes slope 
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deposits consistent with movements or drops due to gravity, comprising a larger amount 

of clastic noncarbonate material. Similar to the lower part of the Vaca Muerta formation, 

the upper portion of the Vaca Muerta characterizes a carbonate platform but in an open 

shelf or outer ramp environment (Garcia et al. 2013). 

Having recently been given the distinction by the EIA of having world-class shale 

for oil and gas (EIA, 2013), Vaca Muerta is the source rock of most conventional 

petroleum and natural gas systems in the Neuquén Basin as it contains planktonic (Type 

II) kerogen and total organic carbon (TOC) levels over 4% (Kietzmann, 2014) (Figure 5).  

 

Figure 5: TOC map of the Vaca Muerta Formation (DGIyE, 2014) 
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 The Vaca Muerta formation is the point of origin of most of the oil and gas found 

in conventional reservoirs at less depth by way of hydrocarbon upward migration through 

porous and permeable media as well as through faults (Figure 6). 

 

Figure 6: Neuquen Basin SW-NE cross section (structural settings for the two shale gas 

and shale oil formations, Vaca Muerta and Los Molles) (EIA/ARI 2013) 

Three potential resource zones have been identified in the formation in terms of 

increasing thermal maturity from east to west of the basin (Figure 7). 
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Figure 7: Thermal maturity map of the Vaca Muerta formation (DGIyE, 2014) 

 The easternmost zone contains associated gas from the oil-rich phase. Moving 

westward is the condensate-rich wet gas zone of the formation. Lastly, the westernmost 

zone contains dry gas of high maturity. The associated, wet, and dry gas potential zones 

have average physical depths of 4,921 feet, 6,561feet, and 8,202 feet respectively and 

exhibit very high reservoir pressures (EIA/ARI, 2013). Moreover, the formation’s gas 
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concentrations range from 66 to 303 Bcf/mi2 depending on the potential gas zone and 

ranked among the top shale resources in the world for both oil and gas (EIA, 2013). 

HYDRAULIC FRACTURING AND THE US SHALE REVOLUTION 

Fracture stimulation, also known as hydraulic fracturing or simply “fracking,” is a 

type of well stimulation used to quickly achieve target production rates of new wells and 

also to enhance the recovery of existing wells that have experienced declining production 

rates due to the gradual drop in reservoir pressure (Rae et al, 2010). This technique 

injects water-based fluids at high enough rates to fracture the source rock formation and 

allow the fracture to sustain this spread, or to allow its propagation. During the injection 

process, fluid is blended with a proppant, usually sand due to its low cost, that moves into 

the fractures and “props” them open and allows oil and gas to flow to the surface (Rae et 

al, 2010).  

More than five decades after the first job in the mid-1940s, hydraulic fracturing 

has modernized and these types of well stimulations have become “brute-force, high-

horsepower” operations (Yergin, 2011). However, they are meticulously designed and 

modeled with advanced computational software and other analytical tools. These tools 

take hydraulic fracturing fluid, proppant characteristics, injection rates, volumes, and 

numerous treatment stages into consideration to obtain the optimal stimulation targets, 

most importantly well response (Rae, et al 2010). Over the years, hydraulic fracturing has 

become the well stimulation technique of choice by oil and gas producers. The cost per 

“frac job” can vary significantly from the tens of thousands for small jobs in vertical 

wells to millions of dollars in deep horizontal wells with multiple fracturing stages (EIA, 

2014).  
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The pairing of this rediscovered well stimulation technique with recent 

developments in horizontal or directional drilling, along with considerable increases in 

the price of oil until its collapse in 2014, has resulted in a prosperous energy boom in the 

United States (Holahan, 2013). Oil production in the United States reached 8.5 million 

barrels per day in August of 2014, a rate last observed during the summer of 1986 (EIA, 

2014). Natural gas imports were reduced from 4.6 Tcf in 2007 to 2.8 Tcf in 2013, roughly 

a 40% drop in only 6 years, leading to downward pressures on its prices at a national 

level (EIA, 2014). Moreover, the abundance cheap natural gas in the United States has 

resulted in the gradual displacement of coal as a fuel for baseload power generation 

(Yergin, 2011). Among other positive economic effects are the creation of hundreds of 

thousands of jobs and the revitalization of a manufacturing and chemicals industry that 

had been in a steady decline and forced to move overseas over the decades due to the 

high costs of feedstocks and fuels for their operations (Yergin, 2011). In addition, 

existing and planned import terminals designed for liquefied natural gas (LNG) 

regasification faced the new market reality of cheap local gas and the challenge of 

adjusting their competitive strategies by redesigning their projects for export capabilities 

(EIA, 2014). Many countries around the world, including Argentina, have been patiently 

observing the United States’ shale revolution and formulating plans to develop their own 

unconventional resources. 

OIL AND GAS PRODUCTION AND REGULATORY FRAMEWORK 

In 2013, Chevron reached an agreement with the government of Argentina and its 

recently recovered national oil company, YPF, to provide investments of $1.24 billion for 

the exploration and development of the Vaca Muerta formation (Chevron, 2013). More 

than 200 wells have been drilled in the formation’s El Trapial section located in the 
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center of the Neuquen Basin and consist of vertical configuration wells with hydraulic 

fracturing techniques applied (Fantin et al, 2014). The major subsections in the El Trapial 

section are Tannat, Cabernet, Malbec, and Bonarda which have an average thickness 

range of 1,115ft to 1,213ft and the average total organic content is 5%. These subsection 

units have a porosity range from 7 to 13 percent and a permeability of 10 to 1,000 

nanodarcy (Fantin et al, 2014).  

During the third quarter of 2014, YPF reached an agreement with Malaysia’s 

Petronas for a three-staged exploration and production project in the La Amarga Chica 

block of the Vaca Muerta formation. The project is set to have reached $550 million and 

is set to begin by 2017 and will develop oil and gas (YPF, 2014). In addition, the Dow 

Argentina reached an agreement with YPF on September 2013 to invest $120 million to 

drill 16 gas wells in the El Orejano area of the Vaca Muerta formation (Secretaria de 

Energia, 2015). This is an important step in earning the confidence of foreign investors to 

commit to the development of the vast oil and gas resource in the area, but there are still 

concerns regarding the political, regulatory and fiscal risk associated with Argentina. In 

order to reduce these risks and facilitate the access into this market that is for 

unconventional resources, changes in the oil and gas law must be made to create the 

incentives and provide the reassurance needed by foreign investors.  

The discovery of unconventional oil and gas resources in Argentina poses a major 

challenge, but a historical opportunity for development. The development of these 

resources, which implies the use of hydraulic fracturing stimulation techniques, requires 

key legislative changes at all levels of government. One of Argentina’s long-term goals 

includes achieving independence from foreign fossil fuels, but has been far from reaching 

this objective as major imports arrive to compensate for insufficient production levels. 

For self-sufficiency to be a achieved, domestic oil and gas production must increase, non-



 13 

producing provinces must begin to tap into their resources, and major investments from 

abroad must be made. 

On September, 16, 2014, an amendment to the Ley Nacional de Hidrocarburos, 

the country’s national hydrocarbon law, was submitted to congress for approval. Among 

the changes proposed in this legal document were terms for unconventional oil and gas 

production which were not present prior to this year (Senado, 2014). It would include a 

new bidding process where investment volumes were prioritized, specifically investment 

requirements of $250 million and above in a 3 year period. Exploration permit time slots 

of 4 years for unconventional resources were created (Senado, 2014). This period could 

be extended to a second 4 year time slot and could be extended 5 more years. 

Unconventional production concessions would be awarded in 35 year periods with 10 

year extensions, but the extensions would be subject to new terms (Senado, 2014). In 

addition, federal production royalties would start at 5% but limited to 12% monthly, 

while royalties for provinces will be limited to 3% per month (Senado, 2014).  

In addition to these terms, the new hydrocarbon law calls for the implementation 

of an environmental policy that will be uniform across all provinces and must address air 

and water pollution, water usage and disposal, as well as community impact (Senado, 

2014). Finally, the new law calls for the creating of an attractive fiscal regime that allows 

the sector to be competitive with others internationally. With these fiscal terms, investors 

could sell up to 20% of their production in international markets without paying export 

taxes (Senado, 2014). Such attractive terms show Argentina’s willingness to offer 

opportunities competitive with those of Colombia’s oil and gas sector and Mexico’s 

newly reformed energy industry. The new hydrocarbon law was approved on October 30, 

2014. 
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NATURAL GAS IN ARGENTINA 

In 2014, Argentina produced 1.46 trillion cubic feet and imported 417 billion 

cubic feet of natural gas through LNG regasification (206.4 Bcf) and pipeline imports 

from Bolivia (210.4 Bcf), making total supply 1.877 Tcf for that year (IAPG, 2014). 

Approximately 842 Bcf of domestic gas production came from the Neuquen Basin, with 

the Austral, Noroeste, and San Jorge basins following (IAPG, 2014).  Natural gas 

demand comes largely from the electric power generation sector with approximately 35% 

of gas supplies followed by the industrial sector with approximately 27% of gas demand 

(IAPG, 2014). Residential gas demand is roughly 24% of gas supplies and the remaining 

14% is consumed by the commercial sector, sub-distribution companies; compressed 

natural gas for transportation and other home uses (Figure 8). The natural gas market in 

Argentina follows a seasonal pattern and prioritizes residential consumers during the 

winter periods of May through September as the population increases its consumption by 

heating their homes. 

 

Figure 8: Natural gas consumption by sector (IAPG, 2014) 



 15 

The natural gas transportation sector is composed of two major pipeline 

companies: Transportadora de Gas del Norte (TGN) and Transportadora de Gas del Sur 

(TGS). TGN’s natural gas transportation infrastructure spans 6,600 kilometers and can 

move gas from the border with Bolivia to the capital, Buenos Aires, and spans through 

the central-southwest region of the Neuquen province (TGN, 2014). The pipeline 

network also features the Nor Andino, Gas Andes, and Pacifico interconnections with 

Chile where gas had previously been exported at considerable profits (Huneeus, 2007). 

TGS’s natural gas transportation network is the largest in Latin America with its span of 

5,675 miles and connections from the southern and western regions, where the Neuquén, 

San Jorge, and Austral basins are located, to the greater Buenos Aires region (TGS, 

2014). The Neuba I pipeline, with its nearly 1,243 miles, connects the central and 

southern Neuquen basin with Bahia Blanca’s industrial sector and with greater Buenos 

Aires (TGS, 2014). TGS’s Neuba II line spans 1,367miles and connects the Neuquen 

basin’s northern section with the same regions (TGS, 2014). Finally, the 2,333 mile San 

Martin pipeline connects the Austral and San Jorge basins in the southern-most part of 

Argentina with the major demand centers on the northeastern coast (TGS, 2014). 

Imports from Bolivia account for nearly 23% of total imports and 5.5% of 

Argentina’s natural gas supply (IAPG, 2014). Annual Bolivian import volumes are at 

nearly 100 Bcf and will reach 348 Bcf per year in 2021 due a long-term import contract 

and the construction of Energia Argentina SA’s (ENARSA) Gasoducto del Noreste 

Argentino (GNEA) pipeline in the coming years (YPFB, 2010). Imports through LNG 

regasification terminals account for 77% of total imports and approximately 18% of 

Argentina’s natural gas supply (IAPG, 2014). There are two operating LNG 

regasification terminals in Argentina: Bahia Blanca GasPort and GNL Escobar. Bahia 

Blanca GasPort, owned by YPF, was commissioned in 2008 and is a floating storage and 
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regasification unit (FSRU) with a throughput capacity of 400 MMcf per day (Excelerate, 

2014). GNL Escobar, owned by YPF and ENARSA, was commissioned in 2011 and is 

also an FSRU and has a throughput capacity of 500 MMcf per day (Excelerate, 2014). 

These import terminals receive spot market deliveries mostly from Trinidad and Tobago 

and Qatar (LNG World News, 2014). 

ELECTRIC POWER GENERATION IN ARGENTINA 

Argentina’s electric power system is among the largest in Latin America with an 

installed capacity of 31, 405 megawatts (MW) at the end of 2014 and annual generation 

reaching 131.2 terawatt-hours (TWh) in 2014, resulting in a load factor of approximately 

47 % (CAMMESA, 2014). The market peaked in the summer on January 2014 at 24,034 

MW and provided a 33% reserve margin. The year by year numbers for Argentina’s 

generation mix show the increasing dependence on thermal generation (Figure 9). 
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Figure 9: Argentina annual power generation mix timeline, GWh (CAMMESA, 2014) 

The country’s power fleet consists of approximately 212 power plants of which 

nearly 56 plants located in the greater Buenos Aires (GBA) region, 43 in the northwest 

(NOA), 25 in the central region (CEN), 24 in Comahue (COM), 28 in Cuyo (CUY), 24 in 

the northeast (NEA), and12 in Patagonia (PAT) (CAMMESA, 2014). In terms of 

generating capacity, GBA hold a 43% share, followed by COM with 20%, NEA with 

10%, CEN with 9%, NOA with 8%, CUY with 5%, and PAT with 3% (CAMMESA, 

2014).  
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Natural gas holds the largest share in Argentina’s installed capacity mix with 

approximately 14,000 MW or 45%, followed by 11,106 MW (35%) of hydropower and 

9,191 MW (29%) of combined cycle technology that utilizes waste heat from 

conventional power plants (Figure 10). 

 

Figure 10: Argentina installed capacity mix evolution, MW (CAMMESA, 2014) 

Among the largest power plants in the country are Costanera in GBA (natural gas 

combined cycle, 2.3 GW), Central Puerto in GBA (natural gas combined cycle, 1.8 GW), 

Yacyreta in NEA (hydropower, 1.5 GW), Piedra del Aguila in COM (hydropower, 1.4 

GW), El Chocon in COM (hydropower, 1.3 GW), and Alicura in COM (hydropower, 1 

GW) (CAMMESA, 2014). 

Although natural gas prevails as the dominant source of power in Argentina, its 

share among the fossil fuels consumed to generate power has steadily decreased over the 

last decade. In 2003, natural gas consumption for power generation controlled a 98% 

share among the fossil fuels, with only fuel oil and coal holding a 1% share each 
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(CAMMESA, 2014). Its share dropped considerably to 76% of fossil fuels in 2008 as 

natural gas production peaked only a few years earlier and began its decline leaving fuel 

oil, diesel, and coal to compensate for the drop with 16%, 5%, and 3% shares, 

respectively (CAMMESA, 2014). Finally, the continued declines in domestic gas 

production lead to further reductions in its fossil fuel share to 70% in 2013, with fuel oil 

and diesel holding a 13% each and coal and biofuels holding the remaining portion. This 

trend has recently slowed down but minimal recovery of natural gas in 2014 to 72% is 

observed (Figure 11). 

 

Figure 11: Fossil fuel consumption share for power generation (CAMMESA 2014) 

CHALLENGES FOR SHALE GAS SUPPLIES 

The road ahead is long for shale gas production in Argentina. Imports from 

Bolivia are set to increase to 348 Bcf per year once the GNEA pipeline is finalized in the 

coming years and this contract reaches maturity in 2027 (YPFB, 2010). The existing 

LNG regasification imports are done through spot market operations, but the Argentine 
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government, through ENARSA, announced a “head of agreement,” with Qatargas in 

2011 to deliver 243 Bcf per year for 20 years starting in 2014 once this ENARSA’s 

planned LNG FSRU facility was completed (Qatargas, 2011). However, this preliminary 

agreement has been essentially deferred and Argentina will more than likely continue to 

make purchases in the global spot market.  

Opposition to hydraulic fracturing by environmental groups and local 

communities is likely to take place at least until the new environmental policies and 

regulatory framework for unconventional production is established. This will be an 

especially difficult task for the Argentine government as the new law of hydrocarbons 

calls for an environmental policy that is uniform throughout all provinces. Given the 

lessons learned from the shale revolution in United States, the environmental policies will 

likely include air quality standards, ground and surface water contamination issues 

including pre-drilling water well testing requirements, water withdrawal restrictions, 

venting and flaring restrictions, fracking fluid disclosure requirements and storage 

options,  and wastewater transportation and disposal rules (Richardson, 2013). 

MARKET DRIVERS FOR SHALE GAS PRODUCTION 

Incentives for “sooner than later” shale gas production also exist in the form of 

declining annual rates of domestic gas production from conventional reservoirs, the 

unsustainable export/domestic-consumption ratio of Bolivia in the long term, Argentina’s 

long term goal of foreign fossil self-sufficiency,  and the prospect of exports to neighbors 

Chile, Brazil, Paraguay, and Uruguay. As mentioned before, Argentina has experienced 

steady declines in oil and gas production from its domestic resources and will likely 

continue a slow and steady decline over the next years (Figure 12). 
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Figure 12: Argentina annual domestic oil and gas production (IAPG, 2014) 

A further decline in production will require imports to make up for the drop in the 

1.46 Tcf of annual domestic gas production and will force the government to secure gas 

supplies in the form of LNG cargos from the global spot market. YPF had begun talks 

with the Uruguayan government to facilitate imports of LNG shipments through the 

neighboring country’s announced FSRU project where GDF Suez was the principal 

project developer (GDF Suez, 2013), but the project was later deferred. 

In addition to declining domestic production, incentives to initiate domestic shale 

gas production come in the form of Bolivia’s long term natural gas supply constraints at 

its current conditions. Bolivian gas reserves have been estimated at 10 Tcf and annual 

production has reached 644 Bcf in 2012, of which 513 Bcf are exported to Brazil and 

Argentina (EIA, 2014). At this rate, Bolivian proved gas reserves will significantly 

decline over the next decade and Bolivia would have to reassess their position in the 

regional gas market if they wish to ensure domestic supplies for the coming decades. 
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Exports from Bolivia are likely to decrease in the next 5 to 10 years and could allow 

domestic shale gas producers to get their resource to market and further displace any 

imports.  

The displacement of natural gas imports would prove to be a major milestone for 

Argentina’s quest for fossil fuel independence, but reversing the current import/export 

balance would be an even greater achievement for the country’s economy. As previously 

mentioned, natural gas exports to Chile had been taking place at steady rates of over 210 

Bcf per year since the 1990s until significant reductions took place in 2004 and virtually 

stopped by the end of 2010 (IAPG, 2014). With the surge in domestic shale gas 

production, not only could Argentina achieve natural gas self-sufficiency, but it could 

hold a surplus that could be stored for seasonal use or exported at market value. The 

infrastructure is already in place to supply Chile’s industry-intensive northern region by 

means of the NorAndino pipeline, its capital with the Gas Andes pipeline, and the Bio 

Bio region just south of Santiago with the Pacifico pipeline (TGN, 2014). In addition to 

Chile, natural gas exports could make their way into Brazil and Argentina’s smaller 

neighbors, Uruguay and Paraguay, if production begins to pick up in the next few years. 

Bolivia’s expected reduction in exports would be central for Argentina to expand its 

share in the regional gas market (EIA, 2014). 

Developing Vaca Muerta seems to have become an economic and political 

motivation for the Argentine government, but much risk and uncertainty remains for 

potential investors. An assessment of the current production operations and performance 

is needed to make informed investment decisions as well as promoting an attractive 

business environment.   
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Chapter 3: Data Analysis 

To better understand the current oil and gas activity in the Vaca Muerta 

formation, a dataset is collected. It is necessary to concentrate in one area and to selected 

a group of wells that can provide a fair and representative indication of the ongoing 

development in the area.  

FORMATION AND FIELD FOCUS 

Monthly oil and gas production data for unconventional wells were used to 

evaluate the performance and profitability of the Vaca Muerta development in its early 

stages. This dataset was obtained from the Declaraciones Juridicas de Produccion 

database within the Ministerio de Mineria y Energia of Argentina and consists of monthly 

oil, gas, and water production per well in the Vaca Muerta formation, as well as details 

regarding well depth, elevation, gas to oil ratio (GOR), lift system, and effective 

production time (Secretaria de Energia, 2016). Production wells were selected from the 

Neuquén province, Neuquén Basin, Vaca Muerta formation, Loma Campana Field and 

operated by YPF, Argentina’s national oil company (NOC). In addition, the selected 

production wells fall under the “unconventional” category, meaning that unconventional 

technologies such as horizontal or directional drilling and hydraulic fracturing stimulation 

were utilized. The data query tree is as follows: 

 

Figure 13: Data query tree for extracting well data 

Unconventional 

 Production Wells 

Loma Campana Field 

Vaca Muerta Shale Formation 

Neuquen Basin 

Neuquen Province 

YPF S.A. 
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VACA MUERTA WELLS 

As of February 2016, YPF has drilled 38 exploration wells in the Vaca Muerta 

shale formation at an average depth of 10,000 feet, while production wells reached 450 

wells and averaged 10,407.39 feet in depth. From these production wells, 76 wells use 

sucker-rod, 278 using plunger, and 1 uses gas lift systems; other 95 wells are under 

natural flow. Furthermore, the effective production time distribution for the selected 

wells is shown in Figure 14 and a distribution of drill year is illustrated in Figure 15. 

 

Figure 14: Distribution of cumulative effective production time for Vaca Muerta 

production wells 
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Figure 15: Distribution of wells drilled by year for all wells. 

The cumulative effective production time data shows the number of days each 

production well has been flowing since initial production. The histogram reveals that 

34% of wells having cumulative effective production time of 12 months or less, 43% 

between 12 and 24 months, while only 23.11% of wells at over 2 years. Furthermore, the 

distributions for cumulative production time by well type are important to understand 

when the operator began its production strategy, adjusted over time, and began to focus 

on implementing new drilling and completion technologies (Figures 15, 16, and 17).  
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Figure 16: Distribution cumulative effective production time for Vaca Muerta vertical 

production wells  

 

Figure 17: Distribution of cumulative effective production time for Vaca Muerta 

directional production wells 
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Figure 18: Distribution of cumulative effective production time for Vaca Muerta 

horizontal production wells 

In addition to effective production time, the distributions for peak daily 

production rates demonstrate the positive results of from drilling new types of wells as 

vertically drilled wells consistently appear on the weaker end of production levels 

(Figures 18 and 19).  

 

Figure 19: Distribution of Vaca Muerta peak daily well production for all wells, oil 
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Figure 20: Distribution of Vaca Muerta peak daily well production for all wells, gas 

Monthly oil and gas production from the Vaca Muerta shale formation has 

experienced significant growth since the first production wells began operating near the 

end of 2010. Month to month growth was approximately 13% and 17% for oil and gas 

production, respectively. Over 90% of the active production wells in the Vaca Muerta 

formation have been in operation since 2013 (Figure 20 and 21). 

 

Figure 21: Vaca Muerta historical oil production and well count 
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Figure 22: Vaca Muerta historical gas production and well count 

WELL SAMPLE SELECTION FOR ANALYSIS 

A group of 40 wells, 13 vertical, 17 directional, and 10 horizontal, was selected 

from the available collection of wells for the purposes of this study and are listed on 

Tables 1, 2, and 3. A map of their location is given on Figure 22 where horizontal wells 

are labeled in purple, directional wells in orange, and vertical wells in green (VMUT 

Wells Map, 2016). The horizontal wells have a letter “(h)” at the end of their name and 

vertical wells have either a “(d)” on their name when they are directional wells and no 

letter when they are regular vertical wells. The median depth was 10,078 feet for vertical 

wells, 10,137 feet for directional wells, and 15,062 feet for horizontal wells. Peak 

effective daily oil production rates ranged from 82 to 316 BBL/day for vertical wells, 59 

to 624 BBL/day for directional wells, and 164 to 798 BBL/day for horizontal wells. In 

addition, peak effective daily gas production rates ranged from 134 to 1,451 Mcf/day, 98 

to 1,216 Mcf/day, and 321 to 2,229 Mcf/day for vertical, directional, and horizontal 

wells, respectively. 
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Table 1: Summary of Selected Vertical Wells 

Table 2: Summary of Selected Directional Wells 

 

Table 3: Summary of Selected Horizontal Wells 

Well Name Max.Oil.Month(BBL) Max.Gas.Month (Mcf) Max.Oil.Day(BBL) Max.Gas.Day(Mcf) Prod.Life(days) Depth(ft) Current Lift

YPF.Nq.LLL-598 9,789.65 16,164.99 316.71 540.27 1,708.85 10,078.74 Plunger

YPF.Nq.SOil-6 7,725.52 23,383.68 249.21 779.46 1,291.80 10,269.03 Sucker-Rod

YPF.Nq.LLL-480 6,805.26 15,601.01 219.52 503.26 1,502.00 10,121.39 Plunger

YPF.Nq.LLL-600 6,601.85 4,048.84 214.97 134.96 917.97 9,662.07 Plunger

YPF.Nq.LLL-586 6,420.70 25,388.85 231.16 886.47 974.52 9,760.50 Natural Flow

YPF.Nq.LLL-629 5,537.17 5,359.02 178.62 177.50 1,052.87 10,052.49 Plunger

YPF.Nq.LLL-633 5,127.01 7,920.05 165.39 271.47 1,042.40 9,809.71 Plunger

YPF.Nq.LLL-611 4,179.20 12,606.32 134.81 462.15 846.96 9,934.38 Plunger

YPF.Nq.LLL-479 4,102.40 6,774.79 172.56 238.46 990.06 10,147.64 Sucker-Rod

YPF.Nq.LLL-651 3,818.42 5,331.12 123.17 171.97 980.35 10,022.97 Plunger

YPF.Nq.LLL-495 2,656.82 7,425.99 108.14 309.42 826.61 10,374.02 Plunger

YPF.Nq.LLL-686 2,584.99 5,448.01 83.39 175.74 607.25 10,265.75 Plunger

YPF.Nq.LLL-588 2,435.10 43,542.06 82.77 1,451.40 704.87 10,416.67 Plunger

Median 5,127.01 7,920.05 172.56 309.42 980 10,078.74

Selected Vertical Wells

Well Name Max.Oil.Month(BBL) Max.Gas.Month (Mcf) Max.Oil.Day(BBL) Max.Gas.Day(Mcf) Prod.Life(days) Depth(ft) Current Lift

YPF.Nq.LLL-565(d) 2,894.07 7,275.55 103.99 242.43 1,119.74 10,305.12 Plunger

YPF.Nq.LLL-619(d) 3,922.26 17,327.20 133.05 587.76 964.47 9,822.83 Plunger

YPF.Nq.LLL-626(d) 3,154.53 6,506.40 101.76 214.45 974.94 10,232.94 Plunger

YPF.Nq.LLL-627(d) 1,845.74 4,349.37 59.54 140.30 978.25 10,193.57 Plunger

YPF.Nq.LLL-712(d) 10,033.57 32,547.87 336.36 1,078.57 611.89 9,990.16 Plunger

YPF.Nq.LLL-726(d) 17,940.24 22,535.42 598.01 751.18 574.98 9,704.72 Plunger

YPF.Nq.LLL-727(d) 17,755.19 22,140.60 602.28 751.04 579.62 10,137.80 Plunger

YPF.Nq.LLL-728(d) 17,970.68 22,524.12 599.02 750.80 537.43 10,095.14 Plunger

YPF.Nq.LLL-732(d) 13,255.08 14,051.40 441.84 469.63 621.59 10,098.43 Plunger

YPF.Nq.LLL-739(d) 12,372.81 33,963.99 415.89 1,098.45 607.04 10,085.30 Plunger

YPF.Nq.LLL-740(d) 11,686.22 27,127.75 392.81 911.86 592.22 10,013.12 Plunger

YPF.Nq.LLL-835(d) 12,218.65 37,723.60 410.16 1,216.89 501.73 10,065.62 Plunger

YPF.Nq.LLL-841(d) 18,667.84 21,671.62 624.76 723.81 494.36 10,190.29 Plunger

YPF.Nq.SOil-55(d) 9,201.74 6,395.51 367.85 328.72 715.47 10,511.81 Plunger

YPF.Nq.SOil-56(d) 17,504.04 9,102.38 564.65 305.85 708.62 10,472.44 Plunger

YPF.Nq.SOil-59(d) 11,174.92 12,575.95 383.01 419.20 794.12 10,597.11 Sucker-Rod

YPF.Nq.SOil-67(d) 7,673.07 2,546.20 297.87 98.84 791.56 10,613.52 Plunger

Median 11,686.22 17,327.20 392.81 587.76 622 10,137.80

Selected Directional Wells

Well Name Max.Oil.Month(BBL) Max.Gas.Month (Mcf) Max.Oil.Day(BBL) Max.Gas.Day(Mcf) Prod.Life(days) Depth(ft) Current Lift

YPF.Nq.LLL-956(h) 5,099.90 42,084.98 164.51 1,357.58 410.16 14,468.50 Natural Flow

YPF.Nq.LLL-957(h) 7,945.85 67,689.60 262.41 2,229.66 410.62 14,360.24 Natural Flow

YPF.Nq.LLL-990(h) 12,001.33 18,522.60 395.43 617.42 497.89 15,419.95 Sucker-Rod

YPF.Nq.SOil-176(h) 13,184.01 15,765.22 439.47 525.51 389.60 15,177.17 Natural Flow

YPF.Nq.SOil-177(h) 14,419.01 9,963.36 465.13 321.40 395.79 15,062.34 Natural Flow

YPF.Nq.SOil-178(h) 23,968.83 27,437.82 798.96 914.59 416.13 14,652.23 Natural Flow

YPF.Nq.SOil-27(h) 22,035.47 15,632.44 710.82 504.27 313.69 15,000.00 Sucker-Rod

YPF.Nq.SOil-30(h) 21,128.79 21,774.03 681.57 702.39 317.12 15,666.01 Natural Flow

YPF.Nq.SOil-32(h) 14,175.60 10,455.65 457.28 337.28 255.21 N/A Natural Flow

YPF.Nq.SOil-4(h) 13,967.66 9,690.02 456.21 346.07 683.72 15,620.08 Sucker-Rod

Median 14,071.63 17,143.91 456.75 571.46 403 15,062.34

Selected Horizontal Wells
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Figure 23: Map of selected well locations (VMUT Wells Map, 2016) 

These 40 wells were selected considering the number of available wells of each 

type, the minimum amount of well downtime possible or abnormal production levels, and 

the number of months they have been producing. Moreover, the selected wells were 

intended to represent the upper-middle peak production levels as it is expected that 

production won’t experience negative growth going forward. These wells will be 

fundamental in the construction of a forward-looking view of the development of Vaca 

Muerta. 
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Chapter 4:  Vaca Muerta Production Profile 

To assess the potential of the Vaca Muerta development, the use of existing well 

production data from the Loma Campana field is used to estimate short-term future 

production. It is necessary to build a production forecast in order to acquire a better 

understanding of what kind of well performance can be reasonably expected over a given 

period of time.   

MONTHLY PRODUCTION DATA 

The monthly well production data obtained from Argentina’s Energy and Mining 

Ministry is fundamental to determine the average daily production rates for the selected 

wells (Figures 23-28). 

 

Figure 24: Monthly oil production for selected vertical wells 
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Figure 25: Monthly gas production for selected vertical wells 

 

Figure 26: Monthly oil production for selected directional wells 
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Figure 27: Monthly gas production for selected directional wells 

 

Figure 28: Monthly oil production for selected horizontal wells 
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Figure 29: Monthly gas production for selected horizontal wells 

Monthly production for wells is subject to the number of effective production 

days during a particular month. Therefore, the effective daily production rate for each 

month is calculated using the following equation, 

 

𝑞𝑑𝑎𝑦 =
𝑞𝑚𝑜𝑛𝑡ℎ

𝑡𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒
 

Where qday is the effective daily production rate, qmonth is the monthly production 

provided, and teffective is the number of effective production days in a particular month. 

The effective daily oil and gas production is plotted as log (rate) vs. linear time on 

Figures 29 through 34 shown below for the selected vertical, directional and horizontal 

wells. 
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Figure 30: Effective daily oil production rate for selected vertical wells 

 

Figure 31: Effective daily gas production rate for selected vertical wells 



 37 

 

Figure 32: Effective daily oil production rate for selected directional wells 

 

Figure 33: Effective daily gas production rate for selected directional wells 
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Figure 34: Effective daily oil production rate for selected horizontal wells 

 

Figure 35: Effective daily gas production rate for selected horizontal wells 
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PRODUCTION FORECASTING 

Future well production is modeled for each selected well using the Arps 

hyperbolic decline equations (Arps, 1945). The decline rate is calculated using the 

hyperbolic decline rate equation, 

𝑞(𝑡) =
𝑞𝑖

(1 + 𝑏𝑎𝑖𝑡)
1
𝑏

 

Where q is the production rate at time t, qi represents the initial production rate, ai 

is the decline rate, and b is the hyperbolic exponent. The cumulative production equation 

for hyperbolic decline is, 

𝑁𝑝 =
𝑞𝑖

𝑏

(1 − 𝑏)𝑎𝑖
(𝑞𝑖

(1−𝑏)
− 𝑞(1−𝑏)) 

Due to the early stages of many of the wells and the overall development in the 

Vaca Muerta formation, a cut-off time of 10 years, a hyperbolic exponent of 1.2, and an 

initial decline rate of 0.3 are assumed. The modeled 10-year production decline curves 

are plotted for oil and gas production in the selected vertical and horizontal wells in 

Figures 35 through 40. Estimating future production for a 10 year period provides a 

snapshot of the production profile for a well in the area. Competing decline curve 

methods for estimating future production include the Duong forecasting method (Duong, 

2010) and stretched-exponential production decline (Valko, 2009). 
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Figure 36: 10-year oil production decline curves for selected vertical wells 

 

Figure 37: 10-year gas production decline curves for selected vertical wells 
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Figure 38: 10-year oil production decline curves for selected directional well 

 

Figure 39: 10-year gas production decline curves for selected directional wells 



 42 

 

Figure 40: 10-year oil production decline curves for selected horizontal wells 

 

Figure 41: 10-year gas production decline curves for selected horizontal wells 
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The decline curves for both vertical and horizontal wells provide a range of values 

that can represent the performance of wells in the Loma Campana field. The median 

initial production rates were 172 BBL/day and 309 Mcf/day for selected vertical wells, 

392 BBL/day and 587 Mcf/day for selected directional wells, and 456 BBL/day and 571 

Mcf/day for selected horizontal wells for oil and gas, respectively. In addition, median 

production rates at the cut-off time were 6 BBL/day and 12 Mcf/day for selected vertical 

wells, 16 BBL/day and 25 Mcf/day for selected directional wells, and 19 BBL/day and 24 

Mcf/day for selected horizontal wells for oil and gas, respectively. 

The median cumulative production by the cut-off time was 76,389 BBL and 

97,772 Mcf for vertical wells, 174,701 BBL and 261,402 Mcf for directional wells, and 

203,134 BBL and 254,154 Mcf for horizontal wells. Distributions of 10-year cumulative 

oil and gas production for selected vertical, directional and horizontal wells shows the 

tendency of verticals being outperformed horizontal as well as directional wells. This can 

be explained by the difference in technology which provided higher levels of production. 

Predictably, the wells with the highest cumulative production levels for both oil and gas 

are the horizontal wells followed by the directional wells (Figures 41-42).  
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Figure 42: Distribution for cumulative oil production for selected wells 
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Figure 43: Distribution for cumulative gas production for selected wells 

The 10-year production forecasts will provide a short-term outlook and serve as a 

guide into the future performance of wells in the Loma Campana field, while shedding 

light on the extraction potential of the Vaca Muerta formation.  
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Chapter 5:  Well Economics and Sensitivity Analysis 

Operators planning to invest in an oil and gas prospect must first evaluate the 

economic feasibility of this activity within the fiscal, regulatory, and contractual 

environment. Many factors influence the economic viability of a project and it is 

necessary to build economic scenarios to reduce the level of uncertainty. 

ANALYSIS FRAMEWORK 

Unconventional oil and gas production in the Vaca Muerta formation has only 

been occurring since late 2010 and the resource is primarily being developed by YPF. In 

order to assess the value proposition of current and future developments in the area, a 

well economics model is used to determine the profitability metrics. A 10-year 

discounted cash flow (DCF) model is chosen using the 10-year production forecasts for 

the median vertical, directional, and horizontal wells. Median well production forecasts 

for vertical, directional and horizontal wells are illustrated in Figure 43 for oil and Figure 

44 for gas.  

It is worth noting that the forecasted median natural gas production for directional 

wells is higher than that of the median horizontal well. This could be explained by the 

larger frequency of directional wells with relatively higher GORs (Figure 45).  
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Figure 44: Median well production 10-year forecast, oil 

 

Figure 45: Median vertical well production 10-year forecast, gas 
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Figure 46: Distribution of 3-month average gas-to-oil ratio. 

A DCF is essentially a valuation tool that helps measure the economic potential of 

a particular investment, in this case, drill production wells in the Vaca Muerta formation. 

It determines the present value (PV) of future cash flow using a discounted cash flow rate 

of return (DCFR) or discount rate. The discount rate is essentially an interest rate being 

applied in reverse and has a negative correlation with the present value. That is, as the 

discount rate increases, the present value of future cash flow decreases. In this case, the 

DCF model calculates the net present value (NPV) of future cash flow or revenue at 

various discount rates or DCFR.  

Determining the net cash flow (NCF) for every year is the first step in the DCF 

model and it is calculated by using the following equation, 

 

𝑁𝑒𝑡 𝐶𝑎𝑠ℎ 𝐹𝑙𝑜𝑤 = 𝑁𝑒𝑡 𝑅𝑒𝑣𝑒𝑛𝑢𝑒 − 𝐶𝑎𝑝𝐸𝑥 − 𝑂𝑝𝐸𝑥 − 𝑇𝑎𝑥𝑒𝑠 

 

Where net revenue is the revenue raised from oil and gas production multiplied by their 

price minus federal and provincial royalties. Capital expenditures, or CapEx, is the 

largest component of cost as it is used to acquire or contract drilling, completion, and 
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facilities assets. CapEx is divided into tangible and intangible assets as well as the cost of 

leasing acreage and other major investments. Operating expenditures, or OpEx, account 

for the operation and maintenance of the oil and gas well production activities. This 

includes personnel, preventive maintenance, feedstocks, and utilities costs, among others.  

Finally, taxes are simply the corporate tax rate that the national government levies on the 

companies involved in for-profit activities. 

 The net present value is then calculated by adding the net cash flows for every 

year while discounting those sums at the given discount rate. The equation for NPV is as 

follwows,  

𝑁𝑃𝑉 =  ∑
𝑁𝐶𝐹𝑡

(1 + 𝑟)𝑡
− 𝐶𝑜

10

𝑡=1

 

Where NCFt represents the net cash flow at time t, Co represents the initial investment, r 

is the discount rate, and t is the number of periods.  

 The internal rate of return, or IRR, is a profitability measure and it is essentially 

the discount rate at which point NPV is equal to zero. In this DCF model we calculate the 

IRR by using Microsoft Excel’s goal seek tool.  

 Finally, the break-even price is the price of oil or gas where the NPV, at a given 

discount rate, is equal to zero. The break-even is also calculated through Excel’s goal 

seek tool.  

DCF MODEL ASSUMPTIONS 

The assumptions made to construct the DCF model were taken in large part from 

Argentina’s Ministerio de Mineria y Energia and are as shown on Table 4. The oil and 

gas wellhead prices are a result of a government subsidy that is currently in place in order 

to attract potential investors to explore and produce shale oil and gas. The oil price may 

fluctuate from $55 to nearly $70 per barrel depending on the quality of the oil produced 
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and the natural gas price has been set for the domestic market at $7.5 per Mcf for new gas 

production due to the high opportunity cost of importing this resource from abroad 

(Secretaria de Energia, 2015).  

 

 

Table 4: Assumptions for DCF model (Secretaria de Energia, 2015) 

In order to promote the strategic interest of the country, the government of 

Argentina has allowed for a fixed natural gas price of $7.5 per Mcf for any new  gas 

production and an oil price subsidy of between $60 and $70 per barrel, depending on the 

oil quality (Secretaria de Energia, 2015). The national and provincial royalty rates are a 

result of the newly amended law of hydrocarbons and the country’s policy for fossil fuel 

independence by way of domestic shale oil and gas production. Finally, well costs are 

held at $7 million for all well types due to the similarities in length and fracture stages 

present in both directional and horizontal wells. This, however, prevents the vertical 

wells from being used in economic comparisons with the other two types. More 

information on vertical well costs is required to perform a more reasonable analysis.  

In addition to these assumptions, gas gathering cost was assumed at $0.30/Mcf, 

lease cost at $1,000/acre, depletion at $0.12/Mcf for gas and $0.14/BBL for oil. Finally, a 

depreciation schedule was selected allowing 15% per year of tangible depreciation for 6 

DCF Assumptions Values

Wellhead Gas Price (USD/Mcf) $7.5

Wellhead Oil Price (USD/BBL) $60

Royalty Rate (%) 12%

Provincial Royalty Rate (%) 1%

Well CapEx (USD) $7,000,000

Well OpEx (USD/month) $40,000

Income Tax (%) 35%
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years and 10% per year of other depreciation for 10 years. Water disposal costs are 

omitted from the model due to lack of cost information. It is important place these 

assumptions in order to develop scenarios where these may shift and by doing so may 

affect the economics of a Vaca Muerta project. It is also vital to note that the annual 

production data used in the DCF model derives from the 10-year production decline 

curves for the median vertical, directional, and horizontal wells. 

RESULTS 

The results of the economics for all selected vertical, directional, and horizontal 

wells for a 10-year period are given in Table 5. 

 

 

Table 5: Well economics results and profitability metrics 

Well Economics Vertical Wells Directional Wells Horizontal Wells

DCFR

0% -$2,495,999 $1,790,608 $2,763,444

6% -$2,713,994 $846,813 $1,657,105

10% -$2,789,329 $411,041 $1,140,505

12% -$2,812,574 $234,384 $929,417

14% -$2,828,259 $79,929 $743,798

16% -$2,837,600 -$55,469 $580,074

24% -$2,829,439 -$453,370 $90,804

26% -$2,819,331 -$525,692 -$94

CapEx (M$) $7 $7 $7

NPV @ 10% (M$) -$2.79 $0.41 $1.14

NPV @ 12 % (M$) -$2.81 $0.23 $0.93

Payout (years) -                     4.7 3.5

IRR (%) -17.1% 15.15% 26%

YPF Wellhead Gas Price $7.5 $7.5 $7.5

YPF Wellhead Oil Price $60 $60 $60

BE @ 10% $152 $55 $47

BE @ 12% $158 $57 $49

Profitability Metrics

NPV
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Selected vertical wells are not presenting economic viability using any discounted 

cash flow rate of return (DCFR) under the current assumptions while directional and 

horizontal wells showed profitability. Specifically, the directional and horizontal wells 

offer net present values (NPV) of $0.41 and $1.14 million at a 10% DCFR and $0.23 and 

$0.93 million at a 12% DCFR.  The internal rate of return (IRR), which is the DCFR 

when NPV is equal to zero, is 15.15% for directional wells and 26% for horizontal wells. 

Under the gas price assumption of $7.5/Mcf, break-even (BE) oil prices were $54.65 per 

barrel and $47.23 per barrel for directional and horizontal wells, respectively, under a 

10% DCFR. Furthermore, the BE oil prices under a 12% DCFR were $56.8 per barrel 

and $49 per barrel for directional and horizontal wells, respectively. An illustration of the 

NPV values at different DCFR levels is shown on Figure 53 and clearly shows the lack of 

economic viability for vertical wells.  
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Figure 47: Vaca Muerta NPV curves by well type 

Vertical wells lack the necessary production profile to be profitable under the 

current price environment. This explains the large number of directional wells drilled 

instead of the vertical type. On the other hand, horizontal wells show high production 

potential and a quick payout of 3.55 years under the current assumptions followed by the 

directional wells with 4.7 years. Net cash flow and cumulative cash flow are illustrated in 

Figure 47 for all well types. 
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Figure 48: Vaca Muerta 10-year net and cumulative cash flow by well type 

SENSITIVITY ANALYSIS 

Given a lack of data and the considerable level of risk in the country, it is 

important to run a sensitivity analysis. The following are a series of what-if scenarios 

constructed to identify the key parameters in the well economics model that will impact 

NPV at 10% and 12% and ultimately IRR for all well types. The input parameters are 

increased and decreased by 30% in two 15% steps, holding all other input factors 

constant.  

The top three factors affecting NPV (10%), NPV (12%), and IRR in vertical wells 

are capital expenditures (CapEx), the oil price, and income taxes. Despite large shifts 

such as a 30% decrease in CapEx, results for NPV at 10% and 12% were negative. IRR 

returned an improvement of 40% when CapEx was cut by 30%, but it continued to be 
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negative. Interestingly, this 40% improvement is not proportionally reflected when 

CapEx increased by 30% as IRR only drops by -21.19%. 

 The top three inputs affecting NPV (10%), NPV (12%), and IRR in directional 

wells, much like in vertical wells, are CapEx and oil price, but with the gas price being 

the third factor. A 30% improvement in CapEx results in an NPV (10%) of $1.84 million. 

If oil swings upward to $78 per barrel, it could push NPV (10%) as high as $1.79 million. 

In addition, a 58% improvement in NPV (10%) is observed when the gas price increases 

30% to $9.75 per Mcf. When it comes to NPV (12%), a 30% drop in CapEx can result in 

a 600% increase. If, $78 oil occurs, NPV (12%) can reach $1.55 million, while a 30% 

improvement in the gas price would nearly double NPV (12%). Finally, IRR could 

quadruple with a 30% decrease in CapEx, $78 oil boosts IRR over 150%, and $9.75 gas 

moves IRR up to 18.4%.  

 Horizontal wells NPV (10%) and NPV (12%) levels are impacted most by the oil 

price, CapEx, and income tax, while IRR has the royalty rate in third place. Having $78 

oil pushes NPV (10%) to $2.75 million, cutting CapEx by 30% places NPV (10%) at 

$2.56 million, and bringing the income tax rate down to 25% results in an increase in 

NPV (10%) of 23.9%. The same changes in these factors return an increase in NPV 

(12%) of 165%, and NPV(12%) value of $2.33 million, and a 26.6% increase in NPV 

(12%), respectively. Finally, a 30% drop in CapEx results in a 320% increase in IRR, $78 

oil pushes IRR up by 150%, and lowering the royalty rate to 8% will return and IRR 

value of 30.45%. The results are shown Figures 48 through 56 and Tables 6 through 14. 



 56 

 

Figure 49: Tornado graph of NPV 10% for vertical wells 

 

Table 6: What-if summary for NPV 10% for vertical wells 

 

Input Input Input

Rank Input Name Cell Value Change (%) Value Value Change (%) Value Base Value

1 CapEx (F4) F4 ($4.21) -51.06% 9,100,000$  ($1.37) 51.06% 4,900,000$  7,000,000$  

2 YPF Wellhead Oil Price (C4) C4 ($3.33) -19.47% 42$                    ($2.25) 19.47% 78$                    60$                    

3 Income Tax (F10) F10 ($3.15) -12.99% 25% ($2.43) 12.98% 46% 35%

4 Related CapEx Factor (F5) F5 ($2.94) -5.23% 13% ($2.64) 5.22% 7% 10%

5 YPF Wellhead Gas Price (C3) C3 ($2.90) -3.87% 5.25$               ($2.68) 3.86% 9.75$               7.50$               

6 Royalty (F2) F2 ($2.88) -3.22% 16% ($2.70) 3.22% 8% 12%

7 OpEx (F6) F6 ($2.85) -2.15% 52,000$         ($2.73) 2.15% 28,000$         40,000$         

8 % Tangible (H4) H4 ($2.83) -1.35% 26% ($2.75) 1.35% 14% 20%

9 Y1 / Tangible Dep (N4) N4 ($2.81) -0.72% 11% ($2.77) 0.72% 20% 15%

10 Y2 / Tangible Dep (N5) N5 ($2.81) -0.65% 11% ($2.77) 0.65% 20% 15%

What-If Analysis Summary for Output NPV 10%

Top 10 Inputs Ranked By Change in Actual Value

MaximumMinimum

OutputOutput
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Figure 50: Tornado graph of IRR % for vertical wells 

 

Table 7: What-if summary for IRR % for vertical wells 

Input Input Input

Rank Input Name Cell Value Change (%) Value Value Change (%) Value Base Value

1 CapEx (F4) F4 -20.89% -22.19% 9,100,000$  -10.01% 41.44% 4,900,000$  7,000,000$  

2 YPF Wellhead Oil Price (C4) C4 -22.05% -28.99% 42$                    -12.34% 27.82% 78$                    60$                    

3 Income Tax (F10) F10 -18.21% -6.48% 25% -15.79% 7.63% 46% 35%

4 YPF Wellhead Gas Price (C3) C3 -18.17% -6.27% 5.25$               -16.04% 6.16% 9.75$               7.50$               

5 OpEx (F6) F6 -18.11% -5.91% 52,000$         -16.14% 5.59% 28,000$         40,000$         

6 Royalty (F2) F2 -17.91% -4.75% 16% -16.29% 4.72% 8% 12%

7 % Tangible (H4) H4 -17.39% -1.69% 14% -16.82% 1.63% 26% 20%

8 Y6 / Tangible Dep (N9) N9 -17.31% -1.24% 11% -16.89% 1.23% 20% 15%

9 Overhead (H6) H6 -17.29% -1.15% 33% -16.90% 1.14% 18% 25%

10 Y5 / Tangible Dep (N8) N8 -17.27% -1.03% 11% -16.92% 1.03% 20% 15%

What-If Analysis Summary for Output IRR %

Top 10 Inputs Ranked By Change in Actual Value

MaximumMinimum

OutputOutput
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Figure 51: Spider graph of IRR % for vertical wells 
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Table 8: What-if summary detail for IRR % for vertical wells 

Input Name Cell Step Value Change Change (%) Value Change Change (%)

1 0.084 -0.036 -30.00% -16.29% 0.81% 4.72%

2 0.102 -0.018 -15.00% -16.69% 0.40% 2.36%

3 0.12 0 0.00% -17.10% 0.00% 0.00%

4 0.138 0.018 15.00% -17.50% -0.41% -2.37%

5 0.156 0.036 30.00% -17.91% -0.81% -4.75%

1 5.25 -2.25 -30.00% -18.17% -1.07% -6.27%

2 6.375 -1.125 -15.00% -17.63% -0.53% -3.12%

3 7.5 0 0.00% -17.10% 0.00% 0.00%

4 8.625 1.125 15.00% -16.57% 0.53% 3.09%

5 9.75 2.25 30.00% -16.04% 1.05% 6.16%

1 42 -18 -30.00% -22.05% -4.96% -28.99%

2 51 -9 -15.00% -19.53% -2.43% -14.23%

3 60 0 0.00% -17.10% 0.00% 0.00%

4 69 9 15.00% -14.71% 2.39% 13.95%

5 78 18 30.00% -12.34% 4.76% 27.82%

1 4900000 -2100000 -30.00% -10.01% 7.09% 41.44%

2 5950000 -1050000 -15.00% -14.21% 2.88% 16.87%

3 7000000 0 0.00% -17.10% 0.00% 0.00%

4 8050000 1050000 15.00% -19.23% -2.13% -12.49%

5 9100000 2100000 30.00% -20.89% -3.79% -22.19%

1 0.14 -0.06 -30.00% -17.39% -0.29% -1.69%

2 0.17 -0.03 -15.00% -17.24% -0.14% -0.84%

3 0.2 0 0.00% -17.10% 0.00% 0.00%

4 0.23 0.03 15.00% -16.96% 0.14% 0.82%

5 0.26 0.06 30.00% -16.82% 0.28% 1.63%

1 28000 -12000 -30.00% -16.14% 0.96% 5.59%

2 34000 -6000 -15.00% -16.61% 0.48% 2.83%

3 40000 0 0.00% -17.10% 0.00% 0.00%

4 46000 6000 15.00% -17.60% -0.50% -2.91%

5 52000 12000 30.00% -18.11% -1.01% -5.91%

1 0.175 -0.075 -30.00% -16.90% 0.20% 1.14%

2 0.2125 -0.0375 -15.00% -17.00% 0.10% 0.57%

3 0.25 0 0.00% -17.10% 0.00% 0.00%

4 0.2875 0.0375 15.00% -17.20% -0.10% -0.58%

5 0.325 0.075 30.00% -17.29% -0.20% -1.15%

1 0.105 -0.045 -30.00% -17.27% -0.18% -1.03%

2 0.1275 -0.0225 -15.00% -17.19% -0.09% -0.51%

3 0.15 0 0.00% -17.10% 0.00% 0.00%

4 0.1725 0.0225 15.00% -17.01% 0.09% 0.51%

5 0.195 0.045 30.00% -16.92% 0.18% 1.03%

1 0.105 -0.045 -30.00% -17.31% -0.21% -1.24%

2 0.1275 -0.0225 -15.00% -17.20% -0.11% -0.62%

3 0.15 0 0.00% -17.10% 0.00% 0.00%

4 0.1725 0.0225 15.00% -16.99% 0.11% 0.62%

5 0.195 0.045 30.00% -16.89% 0.21% 1.23%

1 0.245 -0.105 -30.00% -18.21% -1.11% -6.48%

2 0.2975 -0.0525 -15.00% -17.67% -0.58% -3.37%

3 0.35 0 0.00% -17.10% 0.00% 0.00%

4 0.4025 0.0525 15.00% -16.47% 0.62% 3.65%

5 0.455 0.105 30.00% -15.79% 1.30% 7.63%

Y5 / Tangible Dep (N8) N8

Y6 / Tangible Dep (N9) N9

Income Tax (F10) F10

% Tangible (H4) H4

OpEx (F6) F6

Overhead (H6) H6

YPF Wellhead Gas Price (C3) C3

YPF Wellhead Oil Price (C4) C4

CapEx (F4) F4

What-If Analysis Summary for Output IRR %

Top 10 Inputs Percent Change vs Output Percent Change

Output VariationInput Variation

Royalty (F2) F2
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Figure 52: Tornado graph of NPV 10% for directional wells 

 

Table 9: What-if summary for NPV 10% directional wells 

Input Input Input

Rank Input Name Cell Value Change (%) Value Value Change (%) Value Base Value

1 CapEx (F4) F4 -1.01 -346.50% 9,100,000$  1.84 346.50% 4,900,000$  7,000,000$  

2 YPF Wellhead Oil Price (C4) C4 -0.97 -336.56% 42$                    1.79 336.56% 78$                    60$                    

3 YPF Wellhead Gas Price (C3) C3 0.17 -58.04% 5.25$               0.65 58.04% 9.75$               7.50$               

4 Royalty (F2) F2 0.19 -54.43% 16% 0.63 54.43% 8% 12%

5 Income Tax (F10) F10 0.26 -37.65% 46% 0.57 37.65% 25% 35%

6 Related CapEx Factor (F5) F5 0.27 -35.46% 13% 0.56 35.46% 7% 10%

7 OpEx (F6) F6 0.35 -14.58% 52,000$         0.47 14.58% 28,000$         40,000$         

8 % Tangible (H4) H4 0.37 -9.15% 26% 0.45 9.15% 14% 20%

9 Y1 / Tangible Dep (N4) N4 0.39 -4.88% 11% 0.43 4.88% 20% 15%

10 Provincial Royalty (F3) F3 0.39 -4.54% 1.3% 0.43 4.54% 0.7% 1.0%

What-If Analysis Summary for Output NPV 10%

Top 10 Inputs Ranked By Change in Actual Value

MaximumMinimum

OutputOutput
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Figure 53: Tornado graph of IRR % for directional wells 

 

Table 10: What-if summary for IRR % for directional wells 

Input Input Input

Rank Input Name Cell Value Change (%) Value Value Change (%) Value Base Value

1 CapEx (F4) F4 1.56% -89.69% 9,100,000$  61.00% 302.68% 4,900,000$  7,000,000$  

2 YPF Wellhead Oil Price (C4) C4 -0.40% -102.67% 42$                    38.45% 153.81% 78$                    60$                    

3 YPF Wellhead Gas Price (C3) C3 12.10% -20.13% 5.25$               18.39% 21.39% 9.75$               7.50$               

4 Royalty (F2) F2 12.28% -18.95% 16% 18.21% 20.18% 8% 12%

5 Related CapEx Factor (F5) F5 13.11% -13.44% 13% 17.48% 15.40% 7% 10%

6 Income Tax (F10) F10 13.43% -11.37% 46% 16.67% 10.03% 25% 35%

7 OpEx (F6) F6 14.42% -4.81% 52,000$         15.87% 4.78% 28,000$         40,000$         

8 % Tangible (H4) H4 14.51% -4.23% 26% 15.84% 4.57% 14% 20%

9 Y1 / Tangible Dep (N4) N4 14.86% -1.87% 11% 15.44% 1.90% 20% 15%

10 Y2 / Tangible Dep (N5) N5 14.90% -1.63% 11% 15.40% 1.64% 20% 15%

What-If Analysis Summary for Output IRR %

Top 10 Inputs Ranked By Change in Actual Value

MaximumMinimum

OutputOutput
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Figure 54: Spider graph of IRR % for directional wells 
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Table 11: What-if summary detail for IRR % for directional wells 

Input Name Cell Step Value Change Change (%) Value Change Change (%)

1 0.084 -0.036 -30.00% 18.21% 3.06% 20.18%

2 0.102 -0.018 -15.00% 16.65% 1.50% 9.93%

3 0.12 0 0.00% 15.15% 0.00% 0.00%

4 0.138 0.018 15.00% 13.69% -1.46% -9.62%

5 0.156 0.036 30.00% 12.28% -2.87% -18.95%

1 5.25 -2.25 -30.00% 12.10% -3.05% -20.13%

2 6.375 -1.125 -15.00% 13.60% -1.55% -10.21%

3 7.5 0 0.00% 15.15% 0.00% 0.00%

4 8.625 1.125 15.00% 16.74% 1.59% 10.53%

5 9.75 2.25 30.00% 18.39% 3.24% 21.39%

1 42 -18 -30.00% -0.40% -15.55% -102.67%

2 51 -9 -15.00% 6.78% -8.37% -55.26%

3 60 0 0.00% 15.15% 0.00% 0.00%

4 69 9 15.00% 25.36% 10.21% 67.43%

5 78 18 30.00% 38.45% 23.30% 153.81%

1 4900000 -2100000 -30.00% 61.00% 45.85% 302.68%

2 5950000 -1050000 -15.00% 29.21% 14.06% 92.84%

3 7000000 0 0.00% 15.15% 0.00% 0.00%

4 8050000 1050000 15.00% 7.00% -8.15% -53.80%

5 9100000 2100000 30.00% 1.56% -13.59% -89.69%

1 0.14 -0.06 -30.00% 15.84% 0.69% 4.57%

2 0.17 -0.03 -15.00% 15.49% 0.34% 2.24%

3 0.2 0 0.00% 15.15% 0.00% 0.00%

4 0.23 0.03 15.00% 14.82% -0.33% -2.15%

5 0.26 0.06 30.00% 14.51% -0.64% -4.23%

1 0.105 -0.045 -30.00% 14.86% -0.28% -1.87%

2 0.1275 -0.0225 -15.00% 15.01% -0.14% -0.94%

3 0.15 0 0.00% 15.15% 0.00% 0.00%

4 0.1725 0.0225 15.00% 15.29% 0.14% 0.95%

5 0.195 0.045 30.00% 15.44% 0.29% 1.90%

1 0.07 -0.03 -30.00% 17.48% 2.33% 15.40%

2 0.085 -0.015 -15.00% 16.27% 1.13% 7.43%

3 0.1 0 0.00% 15.15% 0.00% 0.00%

4 0.115 0.015 15.00% 14.10% -1.05% -6.94%

5 0.13 0.03 30.00% 13.11% -2.04% -13.44%

1 0.105 -0.045 -30.00% 14.90% -0.25% -1.63%

2 0.1275 -0.0225 -15.00% 15.03% -0.12% -0.82%

3 0.15 0 0.00% 15.15% 0.00% 0.00%

4 0.1725 0.0225 15.00% 15.27% 0.12% 0.82%

5 0.195 0.045 30.00% 15.40% 0.25% 1.64%

1 28000 -12000 -30.00% 15.87% 0.72% 4.78%

2 34000 -6000 -15.00% 15.51% 0.36% 2.39%

3 40000 0 0.00% 15.15% 0.00% 0.00%

4 46000 6000 15.00% 14.79% -0.36% -2.40%

5 52000 12000 30.00% 14.42% -0.73% -4.81%

1 0.245 -0.105 -30.00% 16.67% 1.52% 10.03%

2 0.2975 -0.0525 -15.00% 15.93% 0.78% 5.17%

3 0.35 0 0.00% 15.15% 0.00% 0.00%

4 0.4025 0.0525 15.00% 14.32% -0.83% -5.50%

5 0.455 0.105 30.00% 13.43% -1.72% -11.37%

Y2 / Tangible Dep (N5) N5

OpEx (F6) F6

Income Tax (F10) F10

% Tangible (H4) H4

Y1 / Tangible Dep (N4) N4

Related CapEx Factor (F5) F5

YPF Wellhead Gas Price (C3) C3

YPF Wellhead Oil Price (C4) C4

CapEx (F4) F4

What-If Analysis Summary for Output IRR %

Top 10 Inputs Percent Change vs Output Percent Change

Output VariationInput Variation

Royalty (F2) F2
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Figure 55: Tornado graph of NPV 10% for horizontal wells 

 

Table 12: What-if summary for NPV 10% for horizontal wells 

Input Input Input

Rank Input Name Cell Value Change (%) Value Value Change (%) Value Base Value

1 YPF Wellhead Oil Price (C4) C4 -$0.47 -141.04% 42$                    $2.75 141.04% 78$                    60$                    

2 CapEx (F4) F4 -$0.28 -124.88% 9,100,000$  $2.56 124.88% 4,900,000$  7,000,000$  

3 Income Tax (F10) F10 $0.87 -23.90% 46% $1.41 23.90% 25% 35%

4 Royalty (F2) F2 $0.89 -22.26% 16% $1.39 22.26% 8% 12%

5 YPF Wellhead Gas Price (C3) C3 $0.91 -20.34% 5.25$               $1.37 20.34% 9.75$               7.50$               

6 Related CapEx Factor (F5) F5 $0.99 -12.78% 13% $1.29 12.78% 7% 10%

7 OpEx (F6) F6 $1.08 -5.25% 52,000$         $1.20 5.25% 28,000$         40,000$         

8 % Tangible (H4) H4 $1.10 -3.30% 26% $1.18 3.30% 14% 20%

9 Provincial Royalty (F3) F3 $1.12 -1.85% 1.3% $1.16 1.86% 0.7% 1.0%

10 Y1 / Tangible Dep (N4) N4 $1.12 -1.76% 11% $1.16 1.76% 20% 15%

What-If Analysis Summary for Output NPV 10%

Top 10 Inputs Ranked By Change in Actual Value

MaximumMinimum

OutputOutput
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Figure 56: Tornado graph of IRR % for horizontal wells 

 

Table 13: What-if Summary for IRR % for horizontal wells 

Input Input Input

Rank Input Name Cell Value Change (%) Value Value Change (%) Value Base Value

1 CapEx (F4) F4 7.49% -71.19% 9,100,000$  109.12% 319.73% 4,900,000$  7,000,000$  

2 YPF Wellhead Oil Price (C4) C4 4.74% -81.79% 42$                    64.72% 148.94% 78$                    60$                    

3 Royalty (F2) F2 21.93% -15.64% 16% 30.45% 17.11% 8% 12%

4 YPF Wellhead Gas Price (C3) C3 22.31% -14.18% 5.25$               29.97% 15.29% 9.75$               7.50$               

5 Related CapEx Factor (F5) F5 22.95% -11.73% 13% 29.56% 13.71% 7% 10%

6 Income Tax (F10) F10 22.80% -12.29% 46% 28.91% 11.20% 25% 35%

7 % Tangible (H4) H4 24.82% -4.54% 26% 27.29% 4.98% 14% 20%

8 OpEx (F6) F6 25.21% -3.03% 52,000$         26.78% 3.02% 28,000$         40,000$         

9 Y1 / Tangible Dep (N4) N4 25.59% -1.55% 11% 26.41% 1.58% 20% 15%

10 Provincial Royalty (F3) F3 25.65% -1.36% 1.3% 26.35% 1.37% 0.7% 1.0%

What-If Analysis Summary for Output IRR %

Top 10 Inputs Ranked By Change in Actual Value

MaximumMinimum

OutputOutput
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Figure 57: Spider graph of IRR % for horizontal wells 
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Table 14: What-if summary detail for IRR % for horizontal wells 

Input Name Cell Step Value Change Change (%) Value Change Change (%)

1 0.084 -0.036 -30.00% 30.45% 4.45% 17.11%

2 0.102 -0.018 -15.00% 28.17% 2.17% 8.36%

3 0.12 0 0.00% 26.00% 0.00% 0.00%

4 0.138 0.018 15.00% 23.92% -2.08% -7.99%

5 0.156 0.036 30.00% 21.93% -4.06% -15.64%

1 5.25 -2.25 -30.00% 22.31% -3.69% -14.18%

2 6.375 -1.125 -15.00% 24.12% -1.88% -7.22%

3 7.5 0 0.00% 26.00% 0.00% 0.00%

4 8.625 1.125 15.00% 27.95% 1.95% 7.50%

5 9.75 2.25 30.00% 29.97% 3.97% 15.29%

1 0.007 -0.003 -30.00% 26.35% 0.36% 1.37%

2 0.0085 -0.0015 -15.00% 26.18% 0.18% 0.68%

3 0.01 0 0.00% 26.00% 0.00% 0.00%

4 0.0115 0.0015 15.00% 25.82% -0.18% -0.68%

5 0.013 0.003 30.00% 25.65% -0.35% -1.36%

1 42 -18 -30.00% 4.74% -21.26% -81.79%

2 51 -9 -15.00% 14.17% -11.83% -45.50%

3 60 0 0.00% 26.00% 0.00% 0.00%

4 69 9 15.00% 41.84% 15.84% 60.93%

5 78 18 30.00% 64.72% 38.72% 148.94%

1 4900000 -2100000 -30.00% 109.12% 83.12% 319.73%

2 5950000 -1050000 -15.00% 47.78% 21.78% 83.77%

3 7000000 0 0.00% 26.00% 0.00% 0.00%

4 8050000 1050000 15.00% 14.63% -11.37% -43.74%

5 9100000 2100000 30.00% 7.49% -18.51% -71.19%

1 0.14 -0.06 -30.00% 27.29% 1.29% 4.98%

2 0.17 -0.03 -15.00% 26.63% 0.63% 2.43%

3 0.2 0 0.00% 26.00% 0.00% 0.00%

4 0.23 0.03 15.00% 25.39% -0.60% -2.32%

5 0.26 0.06 30.00% 24.82% -1.18% -4.54%

1 0.105 -0.045 -30.00% 25.59% -0.40% -1.55%

2 0.1275 -0.0225 -15.00% 25.79% -0.20% -0.78%

3 0.15 0 0.00% 26.00% 0.00% 0.00%

4 0.1725 0.0225 15.00% 26.20% 0.20% 0.79%

5 0.195 0.045 30.00% 26.41% 0.41% 1.58%

1 0.07 -0.03 -30.00% 29.56% 3.57% 13.71%

2 0.085 -0.015 -15.00% 27.71% 1.71% 6.58%

3 0.1 0 0.00% 26.00% 0.00% 0.00%

4 0.115 0.015 15.00% 24.42% -1.58% -6.08%

5 0.13 0.03 30.00% 22.95% -3.05% -11.73%

1 28000 -12000 -30.00% 26.78% 0.79% 3.02%

2 34000 -6000 -15.00% 26.39% 0.39% 1.51%

3 40000 0 0.00% 26.00% 0.00% 0.00%

4 46000 6000 15.00% 25.60% -0.39% -1.51%

5 52000 12000 30.00% 25.21% -0.79% -3.03%

1 0.245 -0.105 -30.00% 28.91% 2.91% 11.20%

2 0.2975 -0.0525 -15.00% 27.49% 1.49% 5.73%

3 0.35 0 0.00% 26.00% 0.00% 0.00%

4 0.4025 0.0525 15.00% 24.44% -1.56% -6.00%

5 0.455 0.105 30.00% 22.80% -3.20% -12.29%

Related CapEx Factor (F5) F5

OpEx (F6) F6

Income Tax (F10) F10

CapEx (F4) F4

% Tangible (H4) H4

Y1 / Tangible Dep (N4) N4

YPF Wellhead Gas Price (C3) C3

Provincial Royalty (F3) F3

YPF Wellhead Oil Price (C4) C4

What-If Analysis Summary for Output IRR %

Top 10 Inputs Percent Change vs Output Percent Change

Output VariationInput Variation

Royalty (F2) F2
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The results of the sensitivity analysis indicate that a project in Vaca Muerta would 

be vulnerable to swings in the international oil and gas prices. The spider graphs for IRR 

tell us the degree to which changes in a company’s cost structure may greatly impact the 

outcome of their operations even if they are currently protected by the oil and gas price 

subsidies that are in place in Argentina. The spider graphs also send a positive signal for 

operators in terms of the relatively lower regulatory and contractual risk as the slopes of 

the royalty lines are not steep and thus pose little threat to a company’s financial and 

operational wellbeing.  

Finally, a more detailed summary of the sensitivities tell us where the government 

and private investors can identify weaknesses in a potential entrance into the Vaca 

Muerta shale development and address them earlier. Securing supplies of lower cost frac 

sand or decreasing drilling time could have a small but important impact on the 

underlying economics. 
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Chapter 6:  Conclusion 

Unconventional oil and gas has redefined the global energy landscape by making 

vast quantities of hydrocarbon resources now available to the market. The repercussions 

of the shale revolution are being felt around the world and forcing market players, 

including businesses and governments, to reassess their current positions and act on these 

findings through redeveloped long-term strategies (Yergin, 2011). Argentina is among 

the most promising countries with substantial shale resources, namely the vast Vaca 

Muerta shale in the Neuquén Basin, and is taking the necessary steps to establish the 

appropriate conditions to host a business-friendly environment (EIA, 2013). The 

country’s declining domestic gas production and increasing imports has resulted in swift 

legislative action through the new hydrocarbon law approved in October of 2014 to begin 

developing their unconventional resources and provide foreign investors with the right 

conditions to operate (Senado, 2014). A new call for bids has been issued to, attract large 

investments, new exploration permits have been issued for unconventional resources, and 

terms for production concessions have been formed. In addition, the new law calls for a 

new environmental law that will be adopted uniformly throughout the nation and will 

deal with issues specific to production in shale formations. Finally, it provides an 

attractive fiscal regime that would allow developers market their product at competitive 

levels within and beyond national borders (Senado, 2014). 

The production of Vaca Muerta’s shale resources and that of the other shale 

formations in the country are crucial for the natural gas market, both domestically and 

regionally. Major gas imports from Bolivian pipeline and through LNG regasification due 

to the alarming declines in domestic production have resulted in cutting natural gas 

exports to Chile during the mid-2000s (Huneeus, 2007).  Supply constraints have led to 
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shifts in fuels in the industrial and electric power sector due to the preferential status of 

residential users especially during the winter season (CAMMESA, 2014). Argentina’s 

gas-dominant electric power sector has been forced to rely heavily on fuel oil and diesel 

to ensure grid reliability over the last five years due to shortages in the sector 

(CAMMESA, 2014).  

The development of Argentina’s world-class shale resources will not come easily 

and will face significant environmental opposition with regards to hydraulic fracturing 

stimulation techniques. The country’s new hydrocarbon law will not come about without 

difficulty as it involves all levels of government and political concerns (Senado, 2014). 

Bolivia’s long-term contract to import gas will also present a significant hurdle as it 

reaches maturity in over a decade. There are however, many incentives for investors to 

reach the production stages of these massive projects and they include Argentina’s 

domestic demand and goal for fossil fuel self-sufficiency, Bolivia’s unsustainable export 

volumes, and the prospect of selling the resources in the immediate region, especially in 

Chile where transportation infrastructure is already in place. Developing such a 

significant resource like the Vaca Muerta shale formation is no simple task and the 

United States experience is a tribute to the enormity of the challenges, but if handled 

correctly it could transform Argentina’s economy and allow it to become a global leader 

in energy. 

The results from this study allows to suggest that shale oil and gas production 

from the Vaca Muerta formation by means directional and horizontal wells is 

economically viable under the country’s present economic environment which includes 

oil and gas price subsidies. Capital expenditures and oil prices will have to continue to 

improve going forward in order to ensure that private investment in Vaca Muerta doesn’t 

come to a stop. Despite the promising production profiles from wells in the Loma 
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Campana field, developing a Vaca Muerta shale play still poses high risk given the 

uncertainty in many of the above-ground factors affecting profitability. A negative 

change in the price subsidies in place could potentially undo the shale operations in 

Argentina. Changes in the regulatory environment could slow down the pace of 

development and alert private investors. Shifts in these inputs, positive or negative, can 

potentially make or break a shale project in Vaca Muerta. The production profiles appear 

to show promising results and are economically viable in many cases, but Argentina will 

need an extended period of political stability, steady economic growth, and private sector 

reassurance in order to take advantage of the resources provided by the Vaca Muerta 

formation. 
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Nomenclature 

ARI: Advanced Resources International 

BBL: Barrel of Oil 

Bcf: Billion Cubic Feet 

BE: Break-Even Price 

CAMMESA: Compañia Administradora del Mercado Mayorista Electrico 

CapEx: Capital Expenditure 

CEN: Central Region 

COM: Comahue Region 

CUY: Cuyo Region 

DCF: Discounted Cash Flow  

DCFR: Discounted Cash Flow Rate of Return or Discount Rate 

DGIyE: Direccion General de Informacion y Estudios 

EIA: Energy Information Administration 

ENARSA: Energia Argentina Sociedad Anonima 

FSRU: Floating Storage and Regasification Unit 

GBA: Gran Buenos Aires region 

GNEA: Gasoducto de Noreste Argentino 

GOR: Gas-to-Oil ratio 

GW: Gigawatt 

GWh: Gigawatt-hour 

IAPG: Instituto Argentino del Petroleo y del Gas 

IRR: Internal Rate of Return 

LNG/GNL: Liquefied Natural Gas/Gas Natural Licuado 
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Mcf: Thousand Cubic Feet 

MW: Megawatt 

MWh: Megawatt-hour 

NCF: Net Cash Flow 

NEA: Nordeste Argentino region 

NOA: Noroeste Argentino region 

NOC: National Oil Company 

NPV: Net Present Value 

OpEx: Operating Expenditures 

PAT: Patagonia region 

PV: Present Value 

SIPG: Sistema de Informacion Estadistico para Petroleo y Gas 

Tcf: Trillion Cubic Feet 

TGN: Transportadora de Gas del Norte 

TGS: Transportadora de Gas del Sur 

TOC: Total Organic Carbon 

VMUT: Vaca Muerta 

YPF: Yacimientos Petroliferos Fiscales 

YPFB: Yacimientos Petroliferos Fiscales Bolivianos 
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America. By A. J. Tankard, R. Suárez Soruco, and H. J. Welsink. Tulsa, OK: 

Published Jointly by the American Association of Petroleum Geologists, 
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