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Hydraulic Fracturing Background

Anderson and Theodori’s interviews into the reactions to hydraulic fracturing in the Barnett
shale demonstrate that the core public concerns with hydraulic fracturing relate to the transport of
the wastewater byproduct known as produced water (also referred to in the initial phase as
flowback water). Residents in the Barnett study cited increased traffic, decreased road safety, and
road damage [1] as among their chief concerns with hydraulic fracturing. Other studies have
shown that public roads in counties that do not receive any benefits from gas drilling could also be
adversely affected [2]. Randall found that dust, noise and road damage are on the top of citizen
concerns in areas where shale gas is extracted [3]. Cooley and Donnely also note concerns over
wastewater, spillage, and air quality based on interviews with various state and federal
representatives [4]. The local costs associated with hydraulic fracturing are at such a level that
Theodori and Anderson have shown that while local residents of the Barnett shale describe positive
attitudes about the potential benefits of hydraulic fracturing at the onset of new drilling/fracturing,
public opinion in previously explored regions of the play has significantly decreased towards a
plurality of disapproval over a span of ten years. For instance, at one point group of citizens in
Texas attempted to block the construction of an injection well through the court system with the
argument that the increased truck traffic and road damage would not be in the public interest [5].
Greater public education on the potential costs and benefits of oil and gas development may
improve public opinion at the onset of development [6], but if the current hydraulic fracturing
practices create such a negative impact on community opinion in once-receptive regions, this will
likely only exacerbate public opposition in regions already hostile to new or expanded oil and gas
operations.

In 2009 Clark and Veil noted that trucking and injecting wastewater was the typical
business practice for handling this wastewater byproduct, but noted that there was definite
potential for an improvement of transport and for a beneficial reuse [7]. Road damage and
emissions related to trucking fresh and produced water is frequently featured predominately in
hydraulic fracturing LCAs and related studies [2],[8],[9],[10],[11],[12]. Some of these life cycle
analyses anticipate a significant reduction of future costs and damages based on energy companies
adopting more IDP friendly plans — piping water rather than trucking and beginning to clean and
recycle the wastewater byproduct [13],[14]. Pipeline systems and recycling could offer direct
economic benefit to the field developers as well — truck transportation is the most expensive aspect
of water handling [12].

The primary challenges related to the successful implementation of IDPs for oil and gas
fields are not technical. Various industries and local municipalities have been transporting,
filtering and treating water for decades, and there are already numerous technological possibilities
for transferring the state of the art into transporting and recycling produced water [15]. Tailoring
these processes into an integrated water management plan for oil and gas fields requires a detailed
understanding of the water use and characterization of the wastewater (produced water) in these
fields [16]. Additionally, quantifying the potential economic, social and environmental costs and
benefits associated with integrated development plans requires a model that can estimate both the
impacts of these integrated development plans and the costs associated with a more traditional and
less integrated truck delivery of water supplies to and from the fields. In support IDP planning in
the Denver-Julesburg basin, Goodwin, Bai and Carlson have modeled both freshwater
requirements as well as the volume and composition of the produced water byproducts associated
with hydraulic fracturing in the northern Colorado region [17],[18],[19] with the ultimate goal of



modeling the feasibility of integrated development plans (IDPs) and developing a toolset to help
energy companies improve their decision making process [16].

In order to expand and continue operations, energy companies must manage not only costs
and find new technologies for harvesting natural resources economically; they must also manage
public opinion and operate as cleanly as possible with minimal social and environmental impact.
IDPs have the potential to improve both the economics and the social license to operate for
hydraulic fracturing, but they are difficult to plan, require more significant upfront costs than
trucking, and their economic, social, and exact environmental benefits are still unknown. The
Colorado Oil and Gas Conservation Commission has previously encouraged development of these
technologies and methodologies with pipelines and water management systems already in place in
the Piceance Basin [20]. This remains a key issue for the state of Colorado with legislation
pertaining to the right of way status for pipeline companies and IDPs under consideration [21].

Based on our understanding of the field, the goal of this research is to compare pipeline and
trucking transport systems across several metrics. The current state of the art expressed in the
literature in this field is used to quantify and compare the risks of incidents, injuries and spillage
for both of these systems. A model of an oil and gas field generic to the northern Colorado Denver-
Julesburg basin is developed and then used to compare the local social cost (road damage) and
environmental impact (greenhouse gas or GHG emissions) associated with truck transport and
pipeline systems. Additionally, variations of this generic field model will quantify the beneficial
impact of reducing the fresh and wastewater transport requirements by recycling produced water
into new fracking and prove the robustness of the comparison by including a range of levels of
field development and proximity to the surrounding source locations (fresh water and injection
wells).

Risk Analysis of Pipeline vs. Trucking Transportation Systems

Increased traffic and accidental spills are major local safety concerns related to the transport
of water for hydraulic fracturing [22]. Produced water spills may adversely affect both terrestrial
and aquatic environments. The chemical and physical composition of produced water is dependent
on the source geology, but typically includes organic constituents and hydrocarbons, metals, salts
and other dissolved and suspended solids and the remnants of the injection fluid and proppants
(sand/silt). Grubert and Kitasei describe the truck transport of produced water as one of the major
pathways to water contamination [23]. Pipeline systems eliminate nearly all of the truck miles
associated with water transport, and thus improve road safety, but both systems carry risks of
accidental or uncontrolled spills of hazardous materials.

The average fatal crash rate for all vehicle types for the state of Colorado is approximately one
fatal crash per 100 million vehicle miles travelled (VMT); but heavy trucks create higher risks.
According to the US Dept. of Transportation, the fatal crash rate for single trailer trucks ranges
from ~1.5 to ~4.5 fatal crashes per 100 million VMT depending on road type. Depending on
location, hydraulically fracturing a single well can create thousands to hundreds of thousands of
truck miles associated with water transport alone. Truck transport of the water demands for a field
of hundreds or more wells multiplies a significant risk of fatal vehicular accidents. Some measure
of increased truck traffic would occur during the construction of a pipeline system, but as shown
in the results, it is insignificant compared to the traffic associated with truck-based water transport
systems.

In terms of public safety, pipeline systems are generally considered safer than truck
transport. Between1994 to 2009, trucks were responsible for several times as many incidents,
injuries and fatalities as pipelines per ton-mile of transport of hazardous materials [24],[25].



Figure 0.1, constructed from data combined from the US Dept. of Transportation Bureau of
Transportation Statistics [24] and the American Petroleum Institute [25] demonstrates that
historically in the transport of crude and refined oil products, trucks have spilled more barrels per
barrel-mile of transport than pipelines since 1980. However, the magnitude of spilled material
involved in each truck accident is generally lower than the material spilled in a pipeline accident
(limited to the size of the carrying capacity of a truck/trailer combination). Also, the hazardous
material is generally spilled on top of relatively impermeable and low-impact road surfaces.
Individual pipeline spills have the potential to spill a larger quantity of fluid per spill and these
spills may occur on much more ecologically vulnerable surfaces and closer to water resources [26].

Pipeline systems could offer a benefit compared to truck transport of reduced spill volume
of environmentally damaging produced water as long as the pipeline network is well designed
according to best industry practices and is located sufficiently far from ecologically vulnerable
areas or fresh water sources. The research presented in this paper assumes that the pipeline systems
are located adjacent to the same roads that would be used for truck transport to minimize the
increase spill vulnerability and to maintain a generic transportation distance for comparison
between the two transport methods. This may not be a realistic expectation for each oil and gas
field and coordination with local governing agencies may be required to ensure that pipeline
systems are well located such that the damage related to accidental spills, which will inevitably

occur, can be adequately managed and contained.
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Figure 0.1: Combined Crude Oil and Petroleum Spills during Domestic Transportation

Supplementary Results

The GHG emissions associated with the piping networks proposed in an IDP compared to the
emissions of a traditional trucking system for all the field types in this case study are presented in
Figure 0.2. These are the in-field emissions only, they do not include emissions for fresh water
transport to the field, wastewater removal to the disposal site, or for refueling and staging the
transport trucks. The IDP pipe network shows a robust reduction of GHG emissions within the
field in all cases. Trucking systems are adversely affected if the CPF is not optimally located within
the center of the field, but are not directly affected by the level of development in the field. The
slight decline in truck emissions per well from the A-type fields to the D-type fields is due to a
slightly unsymmetrical elimination of nodes within the fields (more nodes that were distant to the



CPF than were near were removed in D). Piping system emissions are less affected by CPF
location, but are best utilized in densely developed fields.
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Figure 0.2: Lifetime Emissions per Well Comparison for In-field only Transport

The road damage comparison in Figure 0.3 demonstrates that trucking systems create
overwhelmingly larger social costs than IDP pipeline systems.
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Figure 0.3: Lifetime Road Damage Costs Comparison for a Range of Field Proximities to
Inputs/Outputs
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