Rerouting the North Dakota Access Pipeline
Methods
The controversy regarding the
construction of The Dakota Access
Pipeline, formally known as the Bakken
Pipeline, represents a critical and
historical moment in addressing issues
of environmental injustice.
The
proposed
underground
pipeline
stretches 1,172 miles across the United
States, beginning in North Dakota and
terminating in Illinois. It will carry up to
470,000 barrels of oil each day, and the project will cost $3.78 billion dollars.1
The main source of controversy stems from an issue of environmental injustice: the
proposed route will cross sacred burial sites of the Standing Rock Sioux Tribe and threaten
their water source. Notably, the pipeline originally planned to pass through the city of
Bismark, a city that is 92.4 percent white, and was moved without question when residents
expressed concern regarding the safety of their drinking water.2 The pipeline was
redirected South to cross near Lake Oahe, just adjacent to the Standing Rock Sioux Tribe
reservation. Now the pipeline will cross through sacred lands and will pose a threat the
tribe’s water supply—the Missouri River.
My goal for this project was to create an alternative route that addressed the concerns
of the Sioux Tribe, while still accounting for the typical limitations and factors that
determine pipeline routes.

Results
My first attempt, as shown in figure 1,
followed a very similar route to the
proposed pipeline, and was actually closer
to the reservation than the proposed route.
I made two adjustments to ensure that
my next attempt veered away from the
Sioux lands. First, I created an artificial
buffer around the reservation of 3000
meters. This buffer that essentially acted as
an expanded version of the reservation.
Figure 1
The next change helped reweight reservation costs to be on par with
permeability costs. Originally I had cells within reservations contain a cost of 1 and nonreservations with a cost of zero. I reclassified 1 values to equal 5 instead, and created a new
cumulative cost raster.

Figures 2 and 3 show two different paths with the new buffer and reweighted values.
The green lines represent my computer-generated routes. With the adjusted weights, you
can see that the output cost cells vary significantly from Figure 1. The path displayed in
Figure 2 had a distance of 116,877 meters, which was 4,116m shorter than the proposed
pipeline from that same origin and destination. This is significantly shorter, but the path
itself is still fairly close to the reservation.
Figure 3 starts from an origin significantly farther from the controversy. All other inputs
are consistent, but the program generated a least-cost path that varied significantly from
Figure 2. This is not surprising, given that a larger distance provides more potential routes.
My new route is 4,176 meters longer than the proposed pipeline, but avoids the
reservation by a substantial gap.

The first step was to choose the
section of the pipeline that I wanted to
reroute, which primarily spans the
Southernmost section of North Dakota,
highlighted as the red region in the map
to the left. I imported a GIS file that
already mapped out the original route,
and I identified a section that would
address the concerns of Sioux.

Big Rivers

The ultimate goal was to create what
is known as a “least-cost” path. A leastcost path maps out a trail from a chosen
origin to a chosen destination. To
determine the cost of each cell, I first
needed to rasterize my data into
numerical values that corresponded with
high and low costs. The variables I chose
included reservations, big rivers, small
rivers, roads, lakes, and permeability of
rocks.

Major Roads

I rated high permeability as a low cost
and low permeability as the highest cost.
Impermeable rocks may require more
energy to drill, but would inhibit or at
least delay the damage to water sources
if there were a leak. I categorized data on
sediment type to specific K values, and
then rated those K values on a scale of 0
to 5, with 5 being the least permeable,
and zero representing non-rock surfaces.

Rock Permeability

I followed a similar procedure for my
other features, giving a positive value for
any cell that contained a river, lake, or
road, and a zero value for their
counterparts. The graphs to the right
show the costs of each individual factor.
In each map, the lightest green
represents 0 cost while the deepest red
receives a value of 5. The small rivers
adjacent to this text include the source
data as reference for the raster cells,
which otherwise do not appear as rivers.
Lake costs are determined by depth;
considering the pipe is underground,
depth is a more relevant cost than area.

Small Rivers

To determine the cumulative cost of
each cell, I assigned weights to each
factor. Reservations and permeability
were each weighted 25%, big rivers were
20% and roads and small rivers each were
worth 10%.

Lake Depth

Conclusion
The two new routes generated from this project offer
different benefits. The shorter route avoids the
reservation by a smaller margin, but would shorten
construction time and may not require as much replanning. The longer route avoids the reservation by a
greater margin, but requires more energy and time to
build.

Figure 2

Figure 3
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By including permeability as a heavily weighted factor
in my cost raster, I was able to develop a route that also
mitigates the impact of a leak. The buffer around the
reservation addresses the ethical concerns of the North
Dakota Access Pipeline, while the permeability feature
(and rivers, roads and lakes) protects against
environmental and health hazards.

