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ABSTRACT

The Vermillion Basin, located in southwest Wyoming is an inhospitable, high altitude
desert with unique biota and environmental conditions. The area has a long history of usages by
humans including recreation, livestock grazing and mineral development. The natural gas indus-
try has had a strong presence in the area since the 1940s, resulting in thousands of acres being
disturbed for construction of well pads, access roads and pipelines, and this industry significantly
contributes to the local and state economy. The disturbances have severely effected local
wildlife, vegetation, water flow, nutrient cycles and other factors necessary for the environment
to properly function. To minimize these effects, when a gas well on federal land is no longer pro-
ductive the site must be reclaimed. This is done by plugging the well, removing all production
facilities and recontouring the surface to approximate pre-disturbance conditions. Past reclama-
tion efforts have been marginally successful, due to many factors including poor topsoil care and
invasions by noxious weeds. To help achieve successful and timely reclamation, many science
based techniques can be used including proper pre-disturbance control measures, controlling in-
vasive weeds, using properly controlled grazing, topsoil care (especially avoidance of unneces-
sary compaction) and nutrient amendments, use of reseed mixes containing drought and erosion
resistant native species, use of controlled burns and careful monitoring of the site for erosion or
other reclamation hampering factors. The harsh conditions in the Vermillion Basin make recla-
mation difficult but when the techniques outlined in this paper are utilized, successful reclama-
tion timelines can be accelerated. This can help the Vermillion Basin repair its ecological cycles

and functions and allow all other natural resources in the area to be sustained.
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INTRODUCTION
Site location and Description

The Vermillion Basin, located in southwest Wyoming near the Colorado and Utah bor-
ders, is an inhospitable, high altitude desert with sparse vegetation, alkaline soils and abundant
natural resources. The ecoregion is a shrub-steppe, broad basin dominated by arid grasslands and
shrublands. The area is very arid and barren as it receives approximately 6 to 9 inches of precipi-
tation annually and average daily temperatures range from 10°F to 30°F during winter and from
50°F to 85°F during summer (Vermillion Basin EA 2000). The majority of the Vermillion Basin
is managed federally by the Bureau of Land Management (BLM) under a multiple-use doctrine,
and common usages by people include recreation such as cultural resource viewing and hiking,
livestock grazing and natural gas production. A large amount of surface disturbance has occurred
in the area, due to many factors as a result of the area being managed for multiple-use, and this
disturbance and its associated effects create many roadblocks to achieving natural resource sus-
tainability. The natural gas industry especially has caused much of this surface disturbance due to
construction and installation of the many well pads, access roads, pipelines and other associated
infrastructure needed for the industry to operate. Oil and gas operators must file a reclamation
bond that is returned once the well is plugged, the site is recontoured and has achieved accept-
able reclamation with a native, self sustaining stand of vegetation and stable soils. The bond
money is held in reserve by the BLM in case the operator becomes defunct and plugging and
abandonment procedures become the responsibility of the BLM. Figure 1 is an overview map
showing the distribution of well pads in the Vermillion Basin and Figure 2 illustrates a typical

operating natural gas well pad and associated production equipment found in the area.
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Figure 1. Overview map of the Vermillion Basin showing its location in Wyoming.
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The Need For Proper Reclamation

The natural gas industry has been drilling and producing natural gas in the Vermillion

Basin since the 1940’s. (Vermillion Basin EA 2000). The network of roads and pipelines as well
as the amount of natural gas well pads and associated infrastructure that have been built in the
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Figure 2-A typical natural gas well pad showing the wellhead (foreground) and production
tanks (background). Note the area has been completely cleared of vegetation and the soils
have been compacted to support necessary production equipment.
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area over the last 80 years has severely fragmented the habitat (see figure 3). Records are incom-

plete and inconclusive, but hundreds of gas well pads and infrastructure such as roads and pipe-
lines have been built totaling approximately 50,000 acres of disturbance (Vermillion Basin EA
2000) out of approximately 300,000 total acres in the Vermillion Basin.

In 1969, the United States passed the National Environmental Policy Act (NEPA) which
substantially changed how the federal government manages public lands. NEPA mandates that

any action with the potential to disturb federally managed lands must be throughly analyzed

Ted Inman-MNR 560 Capstone Project-Spring Quarter 2016 7



Figure 3-Aerial View of the Vermillion Basin-well pads can easily be seen along with access
roads.

to identify potential impacts to other resources, and the public must be given a reasonable chance
to provide comments on the proposed action. The act requires any substantive public comments
to be considered in the decision process before a proposed action is approved or denied.

After NEPA was established, other resource management regulations followed. Accord-
ing to revised Onshore Order #1 (2007), when an oil or gas well on federally managed land is
plugged and the site is to be abandoned (often 30+ years after the well was drilled), “the dis-
turbed area must be returned to productive use and reclaimed to a satisfactorily revegetated, safe,

and stable condition.” This is done by removing all facilities and tilling or breaking up the com-
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pacted soils and re-contouring the site back to approximate pre-disturbance conditions. The site
must then be reseeded with a native seed mix and returned to as close to its natural state as pos-
sible, including noxious weed control and achieving soil stabilization before the operator is re-
lieved of liability for maintenance of the reclaimed site and their reclamation bond is returned.
This forces the re-disturbed surface to begin the revegetation process again with native grasses,
forbs and shrubs.

Past reclamation efforts in the Vermilion Basin have been marginally successful due to
many factors including noxious weed invasions, absence of wildfire, improper livestock grazing,
poor care of stockpiled topsoil and other reasons. This has caused some reclaimed well pads in
the area to take over 20 years for native vegetation such as Wyoming big-sagebrush (Artemisia
tridentata) and shadscale (Atriplex confertifolia) to mature and any trace of the original distur-
bance be erased, which is the ultimate goal of reclamation. Due to the various ecosystem and
habitat types that the BLM manages, there are no set reclamation standards, though some regula-
tions exist such as requiring weed free seed mixes be composed of native species.

Some reclamation regulations exist, but are largely subjective and arbitrary, such as re-
quiring recontouring to “approximate pre-disturbance conditions” or that the site must be “sta-
ble” (BLM 2007). Federal oil and gas inspectors follow similarly subjective federal regulations
to determine when a site has successfully been reclaimed, is ready for the operator to be relieved
of maintenance liability and when their reclamation bond is to be returned. The aim of this paper
is to analyze techniques, methods and best management practices (BMPs) to maximize reclama-
tion success of oil and gas related surface disturbances in the Vermillion Basin, while investing

less time and resources than in the past to do so. This would also help sustain the area’s multiple-
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use values as well as the ecological functions of the area, which is a subject of great interest to
BLM resource specialists and land managers.
Vegetative Resources

The Wyoming Basin ecological region encompasses the Vermillion Basin (EPA website
2013). This basin is a broad, intermontane geographic area intermixed with hills and low moun-
tains and dominated by arid grasslands and shrublands (EPA website 2013). The area is sur-
rounded by similar shrub-steppe habitats to the north, east and west as well as conifer forested
mountains to the south and southwest. Pinyon-juniper woodlands are found further south in Col-
orado, though peripheral slopes around the edges of the Vermillion Basin can contain small
pockets of pinyon-juniper habitats on north facing slopes. These wooded habitats become more
common as the slopes start giving way to the adjacent mountains to the south and southwest, al-
lowing the soils to hold water and snow longer allowing better habitat for trees and larger shrubs.
Common plants native to where most of the well pads are in the Vermillion Basin include
Wyoming big sagebrush, shadscale, Sandberg bluegrass (Poa secunda), thick-spike wheatgrass
(Elymus lanceolatus), indian ricegrass (Oryzopsis hymenoides) and spiney hopsage (Grayia
spinosa).
Soil Resources

According to the Natural Resources Conservation Service (NRCS website 2015), the
dominant soil order found within the Vermillion Basin is entisols. These generally are sandy and
very shallow soils that are largely unaltered from their parent material, which in the Vermillion
Basin can be unconsolidated sediment, siltstone, sandstone, mudstone, limestone, or shale (Ver-

million Basin EA 2000). The dominant suborder of these soils is orthent, which largely lack hori-
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zon (layers) development due to slopes or parent materials lacking weatherable minerals (NRCS
website 2015).

Being that the Vermillion Basin is very dry I believe the pulse-reserve paradigm de-
scribed by Ward (2009) is magnified as compared to areas that average more annual precipita-
tion. Ward (2009) describes the pulse-reserve paradigm for arid lands as the association between
rainfall (which triggers plant growth pulses) and reserves of carbon and energy in the soil, and
how these environmental factors influence each other. I believe the pulse-reserve paradigm is
magnified in the Vermillion Basin because on the relatively rare occasion that the area receives
rain, vegetation scrambles to utilize as much as it can and store what else it can as a reserve, un-
like the vegetation in areas that typically receive more annual rainfall. What moisture remains on
the surface quickly evaporates or is utilized by fauna as the local soils do not allow it to easily be
infiltrated into the aquifer. Arid soils generally contain less soil organic matter (SOM), and espe-
cially humus, which is the material that allow soils to retain water (Soil Stories Video 2015) than
more mesic soils. This is possibly due to the arid soil’s generally low nutrient level and low plant
productivity, which recycles fewer nutrients back into the soils when plants die and decompose.

Most upland soils in the Vermillion Basin are associated with, and derived from, the
Green River Formation (Wilkins Peak member) and Wasatch Formation (Niland Tongue) (Ver-
million Basin EA 2000) and are subject to erosion and can be very difficult to stabilize during
reclamation. For successful reclamation, restoring drainages rerouted during well pad construc-
tion to their natural corridors as well as the establishment of strong rooted vegetation is impor-

tant to keep erosion to a minimum and soil stabilization high.
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Soil erosion in the area normally results from wind and water movement, but may be ag-
gravated by herd animals or lack of stabilizing vegetative roots. Soil compaction has been exten-
sively studied, shedding light on how its effects such as decreased water permeability and greater
erosional potential reduce plant rooting ability, therefore reducing the soil’s ability to collect soil
nutrients and other resources (Frouz & Kurdz 2013). Highly compacted soils also may encourage
invasive weed infestations (Sinclair et al. 2009) and prevent subterraneous animals such as
prairie dogs and ground dwelling insects from using the area, reducing soil aeration (Vermillion
Basin EA 2000) and other issues. These disturbances may cumulatively cause negative effects to
various ecological functions and interactions in the Vermillion Basin. These degraded soil func-
tions in turn may affect associated water and nutrient cycles, as well as plant’s ability to photo-
synthesize. These processes are among the simplest building blocks of ecosystems and we’re
only beginning to understand how soil functions contribute to properly functioning ecosystems.
We’re also only starting to understand how human technology, pollution and development are
altering these soil nutrient cycles and what the cumulative environmental effects of those anthro-
pogenic changes are. To restore and maintain these vital ecosystems functions, proper care and
stockpiling of the soil during initial well pad construction and during reclamation of well pads
and roads is especially critical.

Recreational Resources

Recreation is a large part of the multiple-use doctrine that dictates how the BLM manages
the Vermillion Basin. In addition to the gas field roads, numerous unimproved roads exist and are
popular with off-road drivers. Hunting, wildlife viewing, hiking and cultural resource viewing

are also popular recreational activities conducted in the solitude that is found there. Gas well
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pads and associated construction and maintenance create adverse visual and noise impacts to
humans and wildlife (Vermillion Basin EA 2000). The “eye-sores” that well pads create can be
eliminated with successful reclamation and noise resources are normally only adversely impact-
ed during the construction, drilling and recontouring phases of the wells. Routine maintenance of
the site can also cause noise pollution and effect the solitude experience of the surrounding area,
and can be even more troublesome for wildlife during high stress times such as during parturition
or extreme winter weather.

Livestock Grazing

The Vermillion Basin has experienced cattle and sheep grazing since the late 1800s. Sev-
eral livestock owners utilize the grazing resources in this area. The numbers of livestock vary
depending on the time of year and animal unit months (AUM) also vary based on precipitation,
grazing intensity, etc., but averages around 20-50 acres per AUM (Vermillion Basin EA
2000). Sheep and cattle are the most common domestic livestock that use the area, but some goat
and horse grazing occurs.

There are multiple livestock water troughs, guzzlers and grazing exclosures scattered
throughout the area. Exclosures are fenced areas of varying size that prevent livestock from graz-
ing inside the fenced area. Studying the vegetation inside these exclosures and comparing it to
the adjacent grazed areas outside the exclosure help to monitor long-term vegetation health and
trends, and allow managers to properly regulate grazing intensity to reach management goals.
This data also has been useful in determining natural canopy cover levels, species diversity and
soil compaction levels, which can be used to help determine what pre-disturbance conditions

were before an oil or gas well pad was built.
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Water Resources

The watershed of the Vermillion Basin is is comprised of many creeks, but all eventually
drain into Vermillion Creek, which is a direct tributary of the Green/Colorado river system. The
lower stretch of Vermillion Creek (outside of the Vermillion Basin) is a perennial stream, though
the drainage channels in the Vermillion Basin are predominately erosive in nature with little if
any riparian vegetation. This suggests that the overland flows in the area are largely ephemeral in
nature, flowing mainly in response to snow melt and storm events with limited groundwater in-
teractions. Reclamation in the area is largely dependent upon rain and snow for moisture, though
some limited artificial irrigation on reclamation has been used. Results are inconclusive, but per-
sonal observations suggest irrigation has had limited success.

The Wyoming Water Development Commission’s Groundwater Study Chapter 5
(WWDC 2010) indicates that the area is near the southern extent of multiple aquifer systems that
include the Wasatch Fort Union, Green River Basin Lower Tertiary, Mesa Verde and Laney
Aquifers. Depths to water and water quality are variable. Groundwater recharge from this area to
the Green/Colorado River System is estimated to be no greater than zero to one half inches
(WWDC 2010). The general direction of flow follows surface contours from east to southwest
towards the Green River. Drilling rigs in the area often draw drilling water from local water
source wells, which given the number of wells in the area, may have drawn down the aquifer be-

low the area, possibly altering the ecology and water cycles on the surface.

Wildlife Resources
Many biologists and land managers believe mule deer (Odocoileus hemionus) and sage-

grouse (Centrocercus urophasianus) are the most important and sensitive herbivores in the Ver-
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million Basin. I disagree, as I see them as no more important than the native rabbits or other an-
imals but they are a hot button topic with land managers and politics in the area, as the critical
winter habitat these species depend upon is often in the same areas that are ideal for natural gas
wells and other associated infrastructure such as compressor stations. This is partially why prop-
er and prompt reclamation of abandoned well pads is so important in the Vermillion Basin. The
more suitable habitat that is available for these sensitive species the better their survival rates are
in already inhospitable habitat.

In springtime, sage-grouse often gather in open areas called “leks” to strut and breed.
Well pads and access roads create ideal leks due to the cleared vegetation, causing additional
mortality due to vehicle collisions. Proper reclamation of abandoned natural gas well pads and
infrastructure, including their access roads would return a lot of general sage-grouse habitat to
the area, though the birds would have to become more reliant on naturally open areas to lek on.
This may temporarily inconvenience sage-grouse during the first few lekking seasons, but over-
all may help ensure these high profile species continue to exist. See Figure 4.

Large herds of elk (Cervus canadensis), mule deer and pronghorn (Antilocapra ameri-
cana) used to (and still do) roam the Vermillion Basin and can cause significant erosion damage
to creek beds and critical winter habitats. These effects are largely natural, as for millennia large
herd animals such as elk and the no longer present bison (Bison bison) trampled the area causing
churning of the top soils, spread nutrients by wallowing and digestive processes and other
important ecological functions (Roman 2015). Today, the amount of roads and fences as well as
other natural gas infrastructure has altered migration patterns of the remaining large wild ungu-

late herds in the area (McCarthy 2014), concentrating or diverting the effects of erosion and soil
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compaction that herd animals naturally caused. Proper reclamation of surface disturbances no
longer in use would help minimize or even completely reverse these effects to wildlife among

other resources, helping to reinstate natural ecological functions and restore the ecosystem.

Figure 4-A sage-grouse hen killed by a vehicle near a natural gas compressor station. While
habitat loss is thought to be the biggest cause of mortality for disturbance sensitive species,
the increased vehicle traffic in their habitat is also a factor.

Socioeconomic Implications

Reclaiming well pads, access roads and other infrastructure such as pipelines once no
longer needed requires heavy soil moving equipment, drill seeders and other equipment. There
are businesses locally that specialize in nothing but reclamation work and weed spraying, adding
to the importance that all phases of well life have to the local economy. According to Andersen

and Coupal (2009) a multitude of factors could influence reclamation costs. They determined an
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overall reclamation cost of a well (including equipment removal, well plugging, site recontour-
ing, reseeding, monitoring of progress, etc.) averaged $10.81 per foot of well depth. Well depths
vary in the Vermillion Basin from roughly 8,000 to 10,000 feet deep, so this would translate to
approximately $86,500 to $108,100 per well in reclamation costs. Multi-well pads are becoming
more common in the area and this both reduces the amount of disturbance needed (a single well
pad and access road per well v.s. a single well pad and access road for multiple wells), so these
figures are somewhat arbitrary but do give a rough estimate of the magnitude of the money and
economic impact involved with reclamation in the area.

Cumulative Ecosystem Implications

The Vermillion Basin, its topography, weather patterns and natural resources can be
viewed in terms of macroecology, as the mineral resources recovered there are used throughout
the world and the effects of recovering those resources are felt worldwide too. Air quality has
been becoming more of an issue there recently due to the volatile organic chemical (VOC) emis-
sions given off by facilities and equipment used to extract crude natural gas, and is largely
thought to be a major contributor to global climate change (Brantley et al. 2015). Additionally,
the many roads and pipelines add to the cumulative loss of vegetation and wildlife habitat.

Once pipelines are installed and roads are built, replacement of potential vegetation oc-
curs (Perry et al. 2008) along the right-of-ways with various annual grasses and some species of
invasive and often poor forage value vegetation, negatively effecting wildlife and livestock graz-
ing values. No studies specific to soil erosion and water channels being altered due to the amount
of pipelines and roads in the local area were found, but I believe these negative effects are likely

to have happened. Reliable techniques to counter this are among the sustainability approaches |

Ted Inman-MNR 560 Capstone Project-Spring Quarter 2016 17



am interested in and part of why the BLM requires reseeding of reclaimed disturbances with na-
tive vegetation such as indian ricegrass and thick-spike wheatgrass which is adept at soil stabi-
lization and is of good forage value. This helps to minimize cumulative resource impacts and
sustain overall ecosystem health.

Ecosystem health is a subjective topic that is especially contentious in areas with contro-
versial activities such as livestock grazing and natural gas exploration, both of which are preva-
lent in the Vermillion Basin. Ecosystem health is critically dependent upon the ability of the sys-
tem to retain nutrients and water after a disturbance occurs and prolonged ecosystem health can
be reduced if system nutrient capital isn’t adequately protected (Perry et al. 2008). Adaptive
management, or incorporating management objectives, results and constant adaptation of man-
agement implications until success is achieved (Herrick et al. 2012) is an especially useful tool
the BLM uses in managing rangelands and other areas with unnatural disturbances. The tilling
and reseeding of reclaimed disturbances such as natural gas well pads until acceptable revegeta-
tion is achieved is an example of adaptive management and is an approach I support to sustain
nutrient cycles, biodiversity and ecosystem health in the Vermillion Basin.

The biodiversity and ecology of the area cumulatively results in a classic example of in-
tricate trophic interactions, or food webs as described by Estes et al. (2011). This includes the
vegetation that is removed by building well pads and access roads, which results in animals be-
ing displaced due to the loss of habitat. Many animals remain in nearby, unaltered habitat as they
are local residents however many other species such as mule deer and mountain lions (Puma

concolor) largely migrate here from the surrounding mountains during winter, further complicat-
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ing the area’s trophic interactions and increasing the importance of proper reclamation of surface
disturbance once natural gas infrastructure is no longer needed.

The first trophic level, or basal level, consists of green plants, then herbivores and
pathogens and finally the top trophic levels consist of predators and parasites (Perry et al. 2008).
An elementary example of these levels and their interactions in the Vermillion Basin would be
grasses such as indian ricegrass, then common herbivores such as pronghorn and finally large
predators such as mountain lions and possibly gray wolves (Canis lupes). Biodiversity and the
trophic levels of an area are important in maintaining ecosystem functions, and reduction or loss
of these components (especially large predators) can substantially change the area’s ecosystem
processes and functions, as top predators are critical for controlling ecosystem food webs (Bink-
ley et al. 2006).

All the plant and animal species present in the Vermillion Basin have natural processes
that influence the natural flow of water, nitrogen and phosphorus cycles through the air and soils
as well as other critical ecosystem processes. The undisturbed portions of the Vermillion Basin is
“old-growth” sagebrush-steppe, according to the descriptions provided by Veldman et al. (2015),
who also determined that frequent fires and herbivory are essential elements for healthy old-
growth grasslands. The cumulative impacts to an ecosystem are dependent upon the various nu-
trient cycles, properly functioning soils and the functions animals evolved associated with envi-
ronmental processes as well as water and atmospheric influences. It is widely accepted that
ecosystems will fail to properly function without all of these critical components. This is why
proper management, including use of BMPs to ensure successful reclamation of well pads and

other natural gas infrastructure is so important in sustaining ecosystem health while maintaining
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other resources in the area such as recreation and livestock grazing for all interest groups to use
and enjoy.

REDUCING THE EFFECTS OF NATURAL GAS INFRASTRUCTURE DISTUR-
BANCES

Among the most important tools an operator can use to ensure successful reclamation
once the disturbance is reclaimed is to choose proper sites to begin with and keep disturbances at
a minimum. Traditional construction techniques for well pads involve large amounts of cut and
fill, displacing existing vegetation and shifting large amounts of soil (Mitchem et al. 2009), creat-
ing ideal conditions for noxious weed invasions. The use of oak planks to support drilling
equipment is becoming more common as it can save vegetation from needing to be removed and
also may reduce soil compaction, though their use requires a naturally flat area. Mitchell et al.
(2009) found that use of oak mats did protect vegetative resources and minimize weed estab-
lishment, however their use also blocked any sunlight from reaching the vegetation for the dura-
tion of the drilling process, which can be several months depending on circumstances. Sunlight is
critical for vegetation to perform its life functions such as photosynthesis and various nutrient
transporting functions. For this reason, oak mat use is considered better during the winter
months, when many plants are dormant and unable to utilize sunlight anyhow.

This causes a complication though, as winter is the time when wildlife are most suscepti-
ble to hardships and malnutrition, and are especially so during the strenuous winters the Vermil-
lion Basin experiences. To survive these winters, wildlife require as little outside disturbances
and stress as possible. Well drilling rigs and their use cause severe noise pollution as well as in-

creased daily vehicle and human traffic. Because of these reasons, the BLM largely discourages
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the use of oak mats in the Vermillion Basin regardless of their potential to increase reclamation
success once the well pad is to be reclaimed, though other techniques have been shown to be
successful and less strenuous to wildlife and vegetation.

Reseeding the Site

Once an abandoned site has been tilled and recontoured, it must be reseeded with a certi-
fied weed free, native species seed mix. A seed mix consisting of species specific to the site is
used when that information is available, but many well pads in the area were drilled 50+ years
ago and vegetation inventory was not conducted when the well was approved. Monitoring adja-
cent undisturbed lands can provide suggestions to which species to include in the seed mix, but
the BLM generally requires grasses, forbs and shrubs such as Indian Ricegrass, scarlet globemal-
low (Sphaeralcea coccinea) and Wyoming big sagebrush to be in the seed mix. These species
help stabilize soils, compete well against invasives and are generally drought resistant (BLM
2000).

Timing of reseed application is a factor managers must consider. BLM inspectors have
generally concluded that in the Vermillion Basin, reseeding in the fall within weeks before the
first frost generally produces better revegetation success than reseeding at other times of the year.
As a result we normally recommend this time period to operators conducting reseeding efforts. I
could find no specific studies confirming this from a scientific standpoint, but the findings of
Monsen and Stevens (2004) reflect what BLM reclamation inspectors have suspected.

Additional reseeding considerations include application method, such as drill seeding or
broadcasting. The method used is dependent upon environmental factors such as humidity, soil

type, species and time of year in which they’re applied. More research is needed before de-
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