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Overview

New Mexico has long been a leading producer of oil and natural gas and the increasing ability to access unconventional shale reserves through hydraulic fracturing and horizontal drilling have further increased recoverable reserves in the state. However, large amounts of water are required both for exploration and development, and are produced in the extraction process, a concern in an arid state often at risk of water deficit. While the procurement of fresh water for hydraulic fracturing constitutes significant monetary and energy costs early in the life of a well, produced water, the largest volume waste stream in oil and gas operations, is generated over the well’s lifetime. Produced water includes both flowback water from injection and water released from the formation, which can be an order of magnitude greater than the volume of water initially injected. Between 1994 and 2014, the Permian Basin in southeast New Mexico, oil production increased by 85% and produced water generation increased by nearly 80%. While produced water has historically been considered a waste product and disposed of by deep well injection, increasing awareness of water scarcity, escalation in both fresh water and deep well disposal costs, and potential for induced seismicity associated with disposal wells has attracted the industry’s attention to the reuse of produced water in oil and gas operations.

Multiple factors contribute to the energy footprint and costs associated with produced water management, whether it is disposed of or reused. The storage, transmission, and injection of produced water into both existing and new disposal wells require energy and impact infrastructure over time. Because the chemistry of produced water is complex and highly variable, containing high salt concentrations as well as oil and grease, organics, metals, radionuclides, and constituents recovered from hydraulic fracturing fluids some level of energy-driven treatment may be required in order to maintain production efficiency and reduce corrosion and scaling during hydraulic fracturing and enhanced oil recovery. Cost-benefit analysis is often the determining factor in whether fresh or produced water is used for hydraulic fracturing and how produced water is managed. The majority of these costs are attributable to the energy required for fresh water acquisition and transportation, and produced water storage, transmission, and treatment.

Although produced water volumes surpass demand for fracking operations, understanding the disposition, quality, and proximity to disposal and treatment facilities will enable the industry and regulators to determine the energy requirements, and water management costs which in turn permits a quantitative evaluation of the trade-offs between treatment and reuse or disposal. This understanding is especially important as the high costs of water management involved in exploration, development and production are increasingly recognized as a constraint to further oil and gas development, particularly when the prices fall to historic as in the past year. Lastly, the ability to substitute alternative water resources for fresh water will alleviate stress in a region that is groundwater-dependent, economically and socially.

This paper is arranged as follows: The first section presents an overview of the Permian Basin and recent and recent water resource and produced water challenges. The second section provides a summary of historic water production and quality within a spatially distributed township range network. The third section describes treatment technologies considered as well as additional factors including lease contiguity, water production and demand, water quality, and injection well proximity. The fourth section develops a spatially based importance analysis to the aforementioned variables and the results are described in section five, where we discuss model outputs in terms of both energy and cost, scenario development, and sensitivity analysis. The implications of this analysis and areas of future work are discussed in the conclusion.
Methods

This research utilizes a spatially distributed approach to quantifying the energy footprint of produced water management techniques, considering both conventional disposal and reuse in New Mexico. These options are analysed within a s, where historic water and energy resource production data are used to quantify past water needs and production, oil, and gas production and to generate estimates of future production locations and produced water volumes. Because produced water reuse is predominantly an economic decision, it is assumed that factors such spatial distribution of production and disposal wells, produced water volumes and quality, frack water needs, and treatment processes may contribute to the energy requirements and resulting produced water management decisions. The results of this model quantify the energy footprint and costs of both disposal and reuse across a spatially distributed network in order to understand the variations in energy requirements and trade-offs between produced water management practices, energy, and costs in the Permian Basin, New Mexico’s fracking hot spot.

Results

Initial results indicate:
First, numerous variables including produced water quality, volume, proximity to both demand and disposal infrastructure are significant;

Second, our regression results suggest that these variables vary both spatially and temporally;
Third, produced water volumes and quality as a result of extraction vary in accordance with demand, field, and age of production, and method of extraction;

Fourth, technological advancements such as horizontal drilling and hydraulic fracturing play a role in total quantity of recoverable resources as well as the viability of repurposing produced water;

Fifth, the costs of produced water management are dependent upon the energy required for water acquisition, transmission, disposal, treatment, and reuse.

Conclusions

Conventional wisdom dictates both economic and energy trade-offs exist between conventional and unconventional water resources and energy development. However, these relationships are complex:

First, quantification of energy costs associated with fresh and produced water is dependent upon economic factors including market price of fresh water, transportation, treatment and disposal;

Second, advancements in technology and in the ability to use alternative water sources in place of fresh water will allow for conservation of potable water resources and reduce energy impacts;

Third, the energy impacts between produced water treatment and reuse are strongly influenced spatial and temporal factors.
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