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Overview

The value of a natural gas well’s lifetime production depends on a number of factors, including the characteristics of the reservoir, the completion job, and the chosen production path (i.e., how the well is produced over time).  This is especially true for unconventional gas resources.  For example, Patrick and Chermak (1992), Chermak and Patrick (1995) and Chermak, Crafton, Norquist, and Patrick (1999) find that the fracture length and drawdown chosen was important in the value of a tight gas sand well and in the ultimate recovery from that well. Technology made tight gas sand wells economically viable in the 1990s and now technology has contributed to the viability of shale gas wells.  In the case of shale gas wells, the completion is particularly critical to the economic success of these wells because of their low permeability, as is early production or flowback.  For example, in their 2010 3rd Quarter Update, Petrohawk reported their Haynesville wells, which were being produced at restricted rates had decline rates that appeared to be more gradual than wells that were being produced at less conservative rates.  Given the importance of early stage production in the overall productivity of a well (Crafton 2011) this is potentially significant to the economic value of a shale gas well.  In this paper we evaluate the impact of alternative completion, including fracturing, and production practices on the well’s productivity over time utilizing well characteristics and normalized production data from over 100 vertical and horizontal shale gas wells located in the US.  Production data ranges from one month to two years.  We focus on the early production and the relationships between the well characteristics, the completion of the well, the production path, and the value of the well.  
Methods

The valuation methodology is inter-disciplinary in nature and encompasses exhaustible resource economic models and reservoir engineering models to simultaneously consider the impact of alternative completion and production choices for a shale gas well.  Specifically, we develop an econometric model, based on an exhaustible resource model that includes discrete and irreversible capital inputs (e.g., fracturing).  The econometric evaluation is carried out incorporating individual well data that includes both physical data as well as data developed from the Reciprocal Productivity Index( (RPI() graphical production analysis method.

Theoretically, we adopt the dynamic ecoomic model of Chermak and Patrick (2011) that includes discrete capital investment in an optimal extraction model for a pressure driven resource.  The initial investment,
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 is necessary to have an economically recoverable stock,
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as well as to be able to have periodic production, 
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, of that stock.  Investment can be augmented periodically in the future, which can lead to discrete jumps in the stock,
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over time.  For the price-taking, profit-maximizing firm, a dynamic optimization model is formed and necessary conditions for optimal production are derived.  In particular, the necessary condition for optimal periodic production is (supressing time arguments for ease of exposition);
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where
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are net discounted marginal profits where
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is the per unit price of the resource; 
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is the marginal cost of production, and r is the discount rate;
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is the shadow value of the marginal unit of the resource produced,
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is the feedback change in stock due to the quantity of the resource produced, and so
[image: image11.emf]


 
λsq










 

ls

q

is the total use cost accounting for both the shadow value of the last unit produced, as well as the impact of production on remaining reserves; and
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is the multiplier on the upper bound production constraint at each point in time (see Chermak and Patrick 2011 for more detail).  
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is impacted by the physical characteristics of the reservoir and well, the initial capital decision, which results in the completion parameters of the well, and at points past t=0, the production path choice via sq and additional capital input.  The upper bound constraint for a pressure driven resource is also dependent on well and reservoir characteristics, capital choices, and production path choices.  

From 
(1)

 we develop and specify our econometrically estimated production model, which defines production at points in time and includes additional necessary restrictions imposed by the complete exhaustible resource model, as well as restrictions from petroleum reservoir engineering).  Production,  GOTOBUTTON ZEqnNum202444  \* MERGEFORMAT is a function of not only the normal input (capital and operation) costs and output price vectors 
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 but also physical factors of the reservoir, 
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which can impact reserves, as well as completion and production choices of the firm, that can in turn, impact productivity either through reserves of feedback, 
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We utilize a flexible functional form to estimate (2)

.  The estimated results not only provide insight into the statistically significant factors, but also allows us predict the impact of both decision variables (e.g., completion, fracture, production) and characteristics of the well.  The short-run values of the wells over the time horizon available are computed and compared. 
Results

We consider physical characteristics of a well, completion job parameters and resultant fracture characteristics, as well as production choices.  These include, for example, job size (fluid and proppant) and duration, surfactant concentrations and production time.   Preliminary results suggest that while well characteristics are important in the productivity of a well, completion and early production choices can also impact production totals, and thus short-term values.  The results suggest the success of shale gas plays can be enhanced (or hindered) by criteria with which field development decisions are made.  Specific examples will be provided.
Conclusions

Technological advancement has made economic production from shale gas plays viable.  However, the cumulative benefits and ultimate recovery from a shale gas well can be impacted by the completion and production strategies utilized.  That is, a “one-size-fits-all” strategy can lead to a sub-optimal outcome.  Integrated analysis that simultaneously considers the economic and engineering aspects of the problem can provide information that can be used by firms and investors to make better-informed completion, production, and risk mitigation decisions.  This work provides a first step in integrating economic and engineering analysis and allows us to consider the impact of alternative completion strategies.  On-going work will extend this to consider a larger suite of wells and a wider array of factors.
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