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Summary 

This paper discusses the evolution of the steps taken to introduce new extended reach tools and 
techniques within the Fortín de Piedra development to increase the maximum depth that can be 
obtained with coiled tubing (CT) in these challenging well trajectories. The added value from this 
exercise resulted in being able to extend the use of smaller CT strings to perform operations 
traditionally associated with larger strings. By enhancing the engineering process prior to the jobs, a 
reduction of the overall cost of ownership and operation has been achieved associated with the 
reduced shipping and handling costs of smaller and lighter strings.  
 
Resumen 
En este paper se describe la evolución de las etapas desarrolladas para introducir nuevas herramientas 
de alcances extendidos y técnicas para el desarrollo de Fortín de Piedra que permiten alcanzar las 
máximas profundidades a ser obtenidas con Coiled Tubing. El valor agregado en este ejercicio es el 
resultado de obtener el máximo alcance con tuberías de diámetros externos menores en operaciones 
típicas donde se utilizan Coiled Tubing de mayores diámetros. Mejorando el proceso de ingeniería en 
la preparación de los trabajos, se ha logrado una reducción del costo total de operación asociado a los 
costos reducidos producto de utilizar tuberías de menor diámetro. 
 

Abstract 

The unconventional Vaca Muerta (VM) boom in the Fortín de Piedra field has constantly challenged 
engineering development. One of these challenges was to extend the drainage area in the horizontal 
section. The scope of work for this project was to extend the reach of 2 in. coiled tubing (CT) in each 
well intervention, in part to increase the use of the equipment, as well as to reduce the overall cost of 
ownership associated with increasing CT size. This paper documents the experience in the field, 
performing pre- and post-fracture intervention work. It also describes a specific case in which a new 
excitation tool was used as part of the bottomhole assembly (BHA), together with a customized 
combination of chemical products that was pumped to achieve this goal.  
 
As part of the analysis performed, several operations were considered, both in 4-1/2 in., 13.5 lb/ft 
casing and 5 in., 21.4 lb/ft casing. The horizontal section lengths ranged from 2,000 to 2,500 meters. 
A conventional 2 7/8-in. BHA configuration was used, and a new BHA configuration was used to 



evaluate its performance. This document presents a detailed summary about the well geometry, CT 
string configuration, the new vibration excitation tool, applied operational procedures, and a post-
intervention friction matching analysis. As part of a second phase of this project, data collection is 
continuing for additional wells to evaluate, compare, and validate the initial observations.  
 
The results obtained from the initial collected data were laudable, such as the longest well in the Vaca 
Muerta formation serviced with 2 in. CT, which followed the procedure applied in this paper.  
 

Introduction 

With intense activity in the unconventional development of Vaca Muerta, this particular operator 
produces more than 16 million m3/d of gas in the Fortín de Piedra field. The Fortín de Piedra gas field 
covers a surface of 60,000 acres in Neuquen Province, which represents approximately only 1% of 
the Vaca Muerta area (Fig. 1). This development is part of an investment plan performed by the 
company of 2.3 billion USD in two years. The current production of Fortín de Piedra is equivalent to 
12% of the total production of natural gas in Argentina (17 million m3/d), exceeding conventional 
historic reservoirs producing from the same formation. 
 

 
Fig. 1 – Fortín de Piedra field location. 

 

Change in Casing Design 

The development of the Fortín de Piedra field had been planned with the design of slim wells (three 
diameters), with 4½-in. production casing and 2,000 m of lateral length. Initially, this was considered 
to be the most economical option available within the operational limits. The Quintuco and Vaca 
Muerta formations were planned to be drilled jointly, incorporating the use of managed pressure 



drilling (MPD) technology to deal with narrow pressure windows. However, in seven of the first 20 
wells of the field, difficulties were encountered during drilling. These difficulties were associated 
with a very narrow operating density window between Quintuco and Vaca Muerta formations. This 
issue resulted in significant non-productive time (NPT) that, in some extreme cases, led to the 
suspension and abandonment of the production section.  
 
To prevent the recurrence of these events, the well architecture was changed to a four-string design 
(13 ⅜ in., 9 ⅝ in., 7 in., and 4 ½ in.) to isolate Quintuco and drill Vaca Muerta without the risks of 
severe losses and collapse as a result of formation instability (Fig. 2). Although this design is more 
expensive and requires more drilling days, the economic indicators are equivalent to those of the slim 
design because it enables the reduction of NPT and reduces the risk of losing wells and the negative 
production effects. In addition, the four-string design provides the added benefit of extending the 
lateral length, increasing the number of hydraulic fractures per well. 
 

 
Fig. 2 – Original casing configuration vs. latest four-string design. 

Project	
  Overview	
  

The operator was focusing on optimizing cost and minimizing the operating time required to finish 
the completion steps and begin well production. The use of larger diameter CT requires a significant 
increase of surface equipment capacity, resulting in more complex transport logistics, increased 
mobilization times, and longer rig-up times on location, as compared to 2 in. CT equipment. Because 
of these factors, the preference was extend the use of 2 in. CT as much as possible. Consequently, the 



scope of work required a focus on developing engineering procedures and redesigning the BHA and 
treatment fluids to enable extended reach with the smaller diameter CT. The projects included all of 
the steps to reach the objective, describing the chemicals, engineering process, and BHAs applied on 
a well-by-well basis. The operations selected as part of this particular study were part of two different 
operational stages: pre- and post-fracture. 
 

Project	
  Analysis	
  

The pre-fracture work included calibrating the wellbore up to the casing shoe, then performing 
abrasive jetting perforations in the same run. The scope of this first work includes milling residual 
cement, mud clean-out, and hydrajetting (pumping an abrasive fluid) after the CT had reached the 
final depth. This process was performed to ensure that the wireline run in the first fracture step does 
not encounter well restrictions and to create a path through which the pumpdown fluid can flow 
through the perforations from the hydrajetting.  
 
The post-fracture work is run with the CT to mill plugs and clean out sand to initiate the well 
production. The difference in the BHA for both jobs is the hydrajetting tool, which is only included 
in the pre-fracture step. In addition, the diameters of the mills are not the same; in the pre-fracture 
run, the BHA includes a larger mill OD. Fig. 3 provides BHA schematics for both cases; Fig. 4 shows 
a BHA schematic for pre-fracture operations with a shock tool. 
 



 
Fig. 3 – BHA schematic for pre-fracture operations. 
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Fig. 4 – BHA schematic for pre-fracture operations with shock tool. 

 
To improve the reach in both types of operations, two primary areas of focus were used: engineering 
process and treatment fluids pumped through CT. 
 
The engineering process includes optimizing the string design, considering well conditions, selecting 
the correct pumping equipment, performing water analysis, increasing the flow rate as the well 
conditions allow, and maintaining low pressure needed to maintain the condition of the pumps and 
CT string.  
 
In the steps performed before the CT rig up, the complete procedure must be reviewed to obtain the 
best results. All of the design factors are important to the overall process before running the CT in 
the well.  
 
After the well data are received, the engineering team begins the design of service. The well data, CT 
string, and the fluid designs are entered into the CT software to run the force and hydraulic 
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simulations. The friction coefficient is selected based on the well conditions, completion type, fluid 
selection, and operating parameters, or, where available, through comparisons from previous run data 
from similar wells through a friction matching process, which has been honed locally after years of 
expertise. 
 
Well data used to run software simulations includes well schematic, deviation survey, and historical 
well life (drilling, fracture steps, and other previous work) data. The variables that affect the CT 
weight include reel tension, stripper friction, wellhead pressure, and density of well fluid and CT 
fluid. Fig. 5 shows the variables that affect the CT weight. 
 

 
Fig. 5 – Variables that affect CT weight. 

 
These variables can be used to obtain the final friction coefficient, which is one of the most important 
parameters when planning an intervention in extended reach wells. The string design is of paramount 
importance to extend the reach as much as possible and to increase pipe fatigue life. Wall thickness 
distribution has been configured such that the tip is light, the section across the heel has a high bending 
moment of inertia (Eq. 1), and the section in the reel and across the gooseneck has a good thickness 
to extend life. The string design (Fig. 6) shows the typical hour-glass configuration used in the basin.   
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Fig. 6 – CT string design profile. 

 
The manufacturing properties in this type of CT design also include rapid wall thickness transitions, 
proper section length of minimum wall thickness, and weight management of the first meters that 
make up the core wraps of the string, all with a 100,000-psi yield strength alloy.  



The final area of focus in the engineering process is the metal-to-metal friction reducing agents, which 
also incorporates fluid analysis. Before beginning operations, the engineering team must select the 
chemical additives for the fluids to be pumped. The primary chemical products include the fluid 
friction reducer (FR) and the drag friction reducer (lubricant). 
 
The FR fluid is used to reduce the pressure inside the CT during the jobs. The fluid concentration is 
0.5 to 2 gal/mgal. With a reduction in pump pressure, the flow rate can be increased to obtain the best 
downhole motor conditions, as well as low pressures, which favor the reduction of string fatigue. 
 
As the latest addition to the fluid system, a particulate friction reducing agent was added, which has 
high sphericity and specific diameter to lend additional friction reduction between strings. The 
particulate material functions similarly as spheres in a ball bearing, considerably reducing the friction 
coefficient. With the combined use of these products and the engineered concentrations of each agent, 
CT was able to reach TD in all cases, where previously 2-3/8 in. was required. 
 
The first jobs were completed in eight wells, which are identified as Well A, Well B, Well C, Well 
D, Well E, Well F, Well G, and Well H. The types of operations completed were pre-fracture wellbore 
conditioning (calibration and abrasive perforating) interventions.  
 
Results 

Table 1 and Table 2 show the matching results.  
 

Table 1 – Pilot Program Friction Coefficient Results 
Well Job Circulating 

Pressure 
(psi) 

Wellhead 
Pressure  

(psi) 

Flow Rate 
(bpm) 

Max. 
Extended 
Reach (m) 

Friction 
Coefficient 

A Calibration + sand 
jetting 

5,200 100 2.5 5180 0.25 

B Calibration + sand 
jetting 

5,012 350 2.5 5140 0.27 

C Calibration + sand 
jetting 

4,900 530 2.6 5172 0.26 

D Calibration + sand 
jetting 

5,700 500 2.5 5223 0.28 

E Calibration + sand 
jetting 

5,070 30 2.7 5159 0.28 

F Calibration + sand 
jetting 

4,300 10 2.5 5084 0.27 

G Calibration + sand 
jetting 

4,800 300 2.5 5306 0.28 

H Calibration + sand 
jetting 

4,600 500 2.5 5179 0.20 

 
Table 2 – Friction Coefficients After Use of Enhanced Vibration Extended Reach Tool 
Well Job Circulating 

Pressure  
(psi) 

Wellhead 
Pressure  

(psi) 

Flow Rate 
(bpm) 

Max. 
Extended 
Reach (m) 

Friction 
Coefficient 

AA -  
first run 

Calibration + sand 
jetting 

5,200 500 2.5 5199 0.23 



AA - 
second run 

Calibration + sand 
jetting 

4,800 5,050 2.5 5199 0.23 

BB Calibration + sand 
jetting 

4,800 500 2.5 5287 0.27 

AB Sand cleanout 7,600 3,600 2.8 - 3 5730 0.22 
AC Sand cleanout 3,800 3,800 2.8 - 3 5794 0.22 

 
With the data obtained from these previous jobs, the project continues to improve the extended reach 
capability of CT. Using that experience, the next interventions yielded highly satisfactory results. The 
proven concept was successful in both focus areas: engineering processes and treatment fluids 
pumped through CT. 
 
After new technologies, such as the vibration/excitation tools and the friction reducing chemical 
products, were selected, the design process was replicated in four additional interventions in four 
wells: Well AA (two runs), Well BB, Well AB, and Well AC. 
 
Fig. 7 and Fig. 8 show the results from the trip in and trip out conditions.  
 

 
Fig. 7 – Friction matching data: Well AB. 
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Fig. 8 – Friction matching data: Well AC. 

 
An analysis of the results indicates an important friction coefficient difference. In the first steps of 
the study, the friction coefficient ranged from 0.25 to 0.28. In the second steps of the study, the friction 
coefficient fell below 0.23 in which the best results were observed in Well AB and Well AC. In Well 
AC, the friction reduction was so extensive that it became a new record of reach in the shale wells in 
Argentina with 2 in. CT.  
 
All parameters of the enhanced design were applied: engineering process and treatment fluids. In 
Well AC, these additional parameters must be considered because they made the reach for 2 in. CT 
even more complex. The casing size was 5 in. with 21.4 lb/ft. The kickoff point occurred at 2930 m, 
with the landing point at 3303 m, and a horizontal length of 2515 m. Fig. 9 provides a 3D 
representation of the trajectory of Well AC. 
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Fig. 9 – Well AC 3D survey. 

 

Conclusion  

The results obtained from the initial operations exceeded expectations; the longest well in the Vaca 
Muerta basin serviced with 2 in. CT was drilled with the procedure described in this paper. This 
concept is planned for application in all future wells. Currently, to obtain extended reach in long 
horizontal section wells (between 1500 and 2000 m), all concepts described in this paper are applied. 
 
Job design optimization and abrasive perforating in the pre-fracture stage, plug milling, and post-
fracture sand cleanout phases provides an efficient way to complete these extended reach wells while 
also reducing costs. 
  
Combining the use of 2 in. CT with enhanced operational procedures, advanced BHA design 
concepts, and novel treatment fluids contributed to a successfully engineered solution that both 
achieved the required results and improved the economics of the project.  
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