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Abstract

The Pinedale Planning Area of Wyoming was chosen as the focus of this study because it
is essentially “ground zero” for study of the effects of oil and gas development on sage
grouse and has influenced many of the perceptions regarding impacts of oil and gas
development on greater sage grouse.

For this study, 100 years of data on oil and gas development in the Pinedale Planning
Area was compiled and analyzed. Also included was data on recent mitigation efforts to
benefit sage grouse, spatial and temporal changes in oil and gas development, restoration,
and greater sage grouse responses based on 22 years of male greater sage grouse lek
attendance data. These data and analyses were used to test hypotheses regarding the
effect of oil and gas development on patterns of sage grouse lek attendance, as well as
predictions and conclusions made by previous authors. Finally, the effect of several
recently recommended conservation measures for greater sage grouse were also tested.
These include the 3% disturbance cap and the 4-mile no surface occupancy (NSO)
buffers recommended by the Bureau of Land Management’s (BLM) Sage Grouse
National Technical Team Report (NTT 2011) and cited in more recent draft land use plan
revisions proposed by BLM and the U.S. Forest Service (USFS).

Despite predictions and conclusions from earlier studies, data from 1990 to 2012 do not
indicate a sage grouse population decline or widespread lek abandonment near oil and
gas operations in the Pinedale Planning Area. Lek attendance in this population has been
consistently above statewide averages and other populations since 1990. Overall lek
attendance in areas that exceed 3% disturbance within 4-miles of a lek has not declined.



Key regulatory decisions in 2008, mitigation efforts, and concurrent advances in oil and
gas technology and efficiency are all factors that distinguish past from current oil and gas
practices in the Pinedale Planning Area. The Pinedale studies that are currently being
utilized in regulatory decisions on sage grouse include data that were collected before
these key changes took place and, therefore, are outdated and inappropriate as regulatory
justifications. The more current data and analyses presented here provide a more accurate
picture of sage grouse responses to oil and gas activity in the Pinedale Planning Area.

Introduction

Over the past two decades, conservation efforts have been ramped up on private, state,
and public lands across the western United States and southern Canada to benefit the
greater sage grouse. These efforts have resulted in an unprecedented level of
conservation and preservation for the species and its habitat. Efforts were increased in
number and scope after studies reported declines in available habitat, increased lek
abandonment, and declining trends in lek attendance in areas of development and
disturbance. Repeated attempts were made to list the greater sage grouse as threatened
under the Endangered Species Act. Conservation efforts were markedly accelerated in
2010 following a decision by the U.S. Fish and Wildlife Service (USFWS) to list the
species as “threatened” under the U.S. Endangered Species Act (ESA), but precluded at
the time by higher ESA listing priorities (USFWS 2010).

The threats to sage grouse identified in the 2010 ESA listing decision were numerous,
and while these included sagebrush habitat loss and fragmentation, disease, predation,
grazing, agriculture, and residential development, oil and gas development was singled
out as one of the primary threats to this species. Several of the key studies cited in that
decision were conducted in the intensively developed Jonah and Pinedale Anticline gas
fields of BLM's Pinedale Planning Area (PPA) of southwestern Wyoming (Lyon 2000;
Lyon and Anderson 2003; Holloran 2005; and Holloran 2010). These studies, conducted
prior to extensive mitigation efforts and advent of less invasive technologies, reported
decreased male lek attendance, avoidance, lower nest initiation rates and increased sage
grouse mortalities from predation adjacent to development. One frequently cited study
(Holloran 2005), predicted future sage grouse population declines of 8.7 to 24.4%
annually in the Pinedale population.

Development of oil and gas fields near Pinedale began with the first well drilled in the La
Barge field in 1912. While production began there in 1924 and increased during World
War I, intense development of the La Barge field took off during the 1960s, and
subsequently at Jonah and Pinedale Anticline fields in the 1990s and early 2000s
(Animation 1).

Although oil and gas development continues in these three fields, more efficient and less
impactful methods of drilling and production and methods to reduce surface disturbance
are now used regularly compared to previous years. Early development of the La Barge

and Jonah fields, and similar intensive developments elsewhere, were permitted decades



ago, prior to concerns over sage grouse conservation, and were developed using less
sophisticated and more invasive technologies and methods. For example, the density of
wells in the La Barge and Jonah fields is higher than would typically be necessary or
permitted today, as development of these fields relied on the now largely outdated
practice of drilling many vertical wells to tap the subsurface resource. This practice
predates the more current and widespread use of directional and horizontal drilling in the
PPA (Kneller et al. 2006; Han et al. 2013). These newer technologies (and others,
discussed below) allow multiple wells to be drilled from a single well pad, thus reducing
overall surface disturbance (BLM 2006a,b; Kreckel 2011; Ramey, Brown, and Blackgoat
2011; Applegate and Owens 2014).

Another difference between past and current oil and gas development in the PPA has been
the implementation of extensive mitigation measures designed to reduce overall impacts
to sage grouse and enhance their habitat. On BLM lands, these efforts became notable in
2000 with stipulations and required mitigation measures associated with the Record of
Decision for the Pinedale Anticline Oil & Gas Exploration and Development Project
(BLM 2000). Subsequent BLM decisions substantially stepped-up required mitigation
efforts to benefit sage grouse and other species. Those include the 2006 approval of the
Jonah Drilling Infill Project (BLM 2006c¢), Pinedale Anticline Project Area Supplemental
Environmental Impact Statement (BLM 2008a) and, most significantly, the Pinedale
Resource Management Plan Record of Decision (BLM 2008b). On a broader

scale, Executive Orders issued by the Governors of Wyoming, beginning with Core
Population Area designation and protection in 2008, and subsequently updated (State of
Wyoming. 2014), have laid out similar stipulations that apply to state, federal, and private
lands.

These efforts, along with voluntary conservation efforts, resulted in extensive areas of
sage grouse habitat being set aside and declared as “unavailable™ to oil and gas
development (BLM 2008b). These efforts also led to the establishment of the Jonah
Interagency Mitigation and Reclamation Office, and Pinedale Anticline Project Offices,
whose purpose is to coordinate and fund species monitoring, scientific research, offsite
mitigation, purchase of conservation easements, and funding habitat improvement
projects. The 2008 Pinedale RMP also required 301,780 acres (122,126 ha) of seasonal
restrictions to safeguard sage grouse winter concentration areas and nesting habitat, and
no surface occupancy stipulations to protect habitat. It also required telemetry systems to
be installed at gathering systems, wells, and condensate tanks that could be monitored
remotely in order to reduce truck traffic. Although there has been a substantial investment
in these efforts, there has not been a concomitant systematic effort to quantify the
response of the sage grouse population to these efforts. This is a significant data gap
because each study from this area spanned a narrow window of time (2-5 years, between
1997 and 2006), and all but one year of a single study predated implementation of most
of the mitigation and conservation efforts. These studies were also conducted at a time
when more impactful and less efficient technology was in use.

In order to fill this information gap, data on oil and gas development, mitigation to offset
its negative effects on sage grouse, and sage grouse lek attendance data from the PPA



were compiled. This allowed a quantification of long-term spatial and temporal patterns
of oil and gas development, mitigation efforts, and sage grouse responses to these
activities.

Methods
Sources of data

Well location and production data were obtained from the Wyoming Oil and Gas
Conservation Commission (WOGCC) and rectified with field-verified data from IHS
(IHS.com). Well pad disturbance and reclamation spatial-temporal data was obtained
from the Jonah Infill Data Management System (JIDMS) and Pinedale Anticline Data
Management System (PADMS) databases, the Pinedale BLM Field Office, and individual
operators. In some cases, such as the older La Barge field, pad disturbance and
reclamation over the lifetime of a well was modeled, based on a subsampling of pads
from aerial imagery with known dates of activity. Spatial and temporal data on primary
and secondary roads were obtained from the BLM and operators. In cases where data
were not available for the year that access roads were connected to individual well roads
(or their precise location), we modeled the pattern of development, based on the
assumption that the access road construction and pad construction was contemporaneous
with the year a well was spudded, and utilized a least cost path to model connection
between wells and roads. Similarly, data on pipeline locations and construction dates was
based on data available from the Wyoming Pipeline authority, IHS, and satellite imagery
(USGS, USDA, ESRI), and from pipeline operators. In the case of feeder lines from
wells, it was assumed that these were constructed in the same year that the well was
drilled and ran parallel and adjacent to well access roads. In cases where pipeline location
was not available, a least cost path analysis was used to link wells to associated trunk
lines.

Individual well activity was classified on an annual basis as either “under development”,
“producing,” "injecting,"” or “inactive” based on dates in IHS well database. Wells in the
development phase included the period from being spudded until the year of production.
This is when the greatest level of activity and traffic occurs at a well. The producing well
phase started the year a well was producing oil or gas. This is a period with a
substantially lower level of activity, although periodic maintenance may occur. Inactive
wells are those that are plugged, abandoned, or suspended.

The majority of oil and gas pads in the study area that were drilled in the past decade
contain multiple wells. In the Jonah (JIO) and Pinedale Anticline (PAPO) fields,
geospatial data was provided by PADMS and JDMS in the form of polygons associated
with well pad, road, and pipeline disturbance and reclamation. This provided a snapshot
of recent pads, but gave little insight into pad disturbance in the past. To estimate historic
disturbance, historic aerial imagery was downloaded from the USGS EarthExplorer
website and orthocorrected (using spline transformations) to align with recent imagery
and project-related GIS data. Then 103 pads were digitized for pre-1953 time periods
until a representative sample was obtained for each decade from 1912-1953. The spud



date from the well point data ensured that each digitized pad corresponded with only one
disturbance time in history, as opposed to digitizing pads that have been drilled multiple
times. The area was calculated for the pads and each pad was tagged with its respective
disturbance decade. The pad size and spud decade were graphed in Excel and polynomial
trend was extracted from the bivariate relationship. This polynomial equation (y=-
0.0000115895x* + 0.0019003170x3 - 0.0755722180x2 + 2.0572264991x + 44.0116000000; R? = 0.9703629150) WaS then
used to model pad size from 1912-2012 for the entire PPA, using the ArcGIS buffer tool.
The resulting model was tested against the digitized pads and was within 3% in terms of
aerial accuracy.

Oil and gas-related disturbance from roads was modeled using the modeled pads and the
existing road network (BLM) using the least cost path tool in ArcGIS.

Major pipeline locations and configurations were obtained from various sources
including operators, IHS, Wyoming Pipeline Authority and ortho-imagery (USGS,
USDA, ESRI). Estimates of pipeline installation dates were modeled using production
start dates associated with nearby well point data and the least cost path tool (ArcGIS).

We plotted and quantified spatial changes in oil and gas related road, well pad, and
pipeline development over time to examine development in the PPA in terms of
cumulative area of surface disturbance; number of developing, producing, and inactive
wells; and surface disturbance in excess of 3% within four miles of a lek. Quantifiable
mitigation efforts included: acreage in the process of reclamation, conservation
easements, and BLM "unavailable areas" (designated in 2008 as unavailable to oil and
gas development). Mitigation efforts such as: installation of telemetry at wells and
condensate tanks, field electrification (i.e. conversion from diesel and gas powered
compressors to electric), and liquid gathering systems (to reduce truck traffic); anti-perch
device installation; fence marking; and powerline burial; were quantified separately in
terms of dates of completion across a field, and in the case of liquid gathering systems,
the number of truck trips eliminated. Lek location and attendance data were obtained
from the Wyoming Game and Fish Department for the PPA. The PPA is a semi-isolated
segment of the greater Wyoming Basin Population which encompasses most of the upper
Green River Basin of Wyoming.

To test the effectiveness of disturbance thresholds recommended by the NTT Report
(NTT 2011), we used a criterion that there must be greater than 3% surface disturbance
within 4-miles of a lek for it to be classified as "disturbed™ in our analysis. Land in excess
of this threshold was calculated as a "moving window," which allowed us to objectively
test potential effects of cumulative surface disturbance on lek attendance. Lek location
and male lek attendance data were obtained from the State of Wyoming.

We also conducted a preliminary investigation into the potential effects of localized oil
and gas activity on sage grouse lek attendance, using a radius of 0.6 mile around each
well during its development, injection, and/or production phase. If a lek was within the
0.6 mile radius it was considered as potentially disrupted by the activity. Wells that have
been plugged and abandoned are inactive and therefore were not considered in the
analysis.



Hypotheses and predictions tested

Hypothesis 1a (The universally negative and typically severe impact hypothesis): The
impact of oil and gas development has had a severe, negative effect on the sage grouse
population in the PPA. This hypothesis is based upon an influential statement in the NTT
Report (2011) that the effect of oil and gas development on sage grouse populations "is
universally negative and typically severe".

e Prediction 1a.1: The sage grouse population across the PPA will show
evidence of decline in terms of average number of males per lek, and the
number of leks, as oil and gas surface disturbance and activity increase over
time. Lek attendance will decline to zero in areas with the highest levels of oil
and gas surface disturbance and activity.

e Prediction 1a.2: The sage grouse population in the PPA will go extinct 19
years after oil and gas field development has begun (based on the prediction
by Holloran 2005).

Alternative hypothesis 1b (The mitigated impacts hypothesis): The impact of oil and gas
development on sage grouse has moderated as a result of increased mitigation efforts and
less-invasive technology.

e Prediction 1b.1: Sage grouse lek attendance and the number of leks will
stabilize or increase in disturbed areas after implementation of intensive
mitigation efforts.

Alternative hypothesis 1c (the previously overestimated impacts hypothesis): The impact
of oil and gas development on sage grouse was previously overestimated.

e Prediction 1c.1): Lek attendance will not decline (relative to population
fluctuations found across the state), and leks will not be lost across a large
portion of the population, despite increasing oil and gas development, so long as
there is adequate undeveloped habitat nearby and responsible measures taken to
mitigate the development.

Hypothesis 2 (the 3% disturbance cap and 4-mile NSO hypothesis): A 3% surface
disturbance cap and/or a 4-mile NSO buffer surrounding each lek is required to maintain
or increase sage-grouse distribution in the affected area. This hypothesis is based upon a
statement in the NTT Report (2011) that these disturbance thresholds are "required to
maintain or increase sage -grouse distribution."

e Prediction 2.1): Sage grouse lek attendance will decline as surface disturbance
exceeds the threshold of 3% within 4-miles of a lek and will result in an overall
decline in the average number of males per lek across the population
(indicative of a population decline).



e Prediction 2.2): Leks will not persist or be recolonized in areas that exceed a
3% surface disturbance within 4-miles of a lek, or in areas where well
development or injection occurs within 4 miles of a lek.

Results
Spatial and temporal patterns of 100 years of oil and gas development

The pattern of development in the PPA over the past 100 years has been one of
concentrated development in the La Barge, Jonah, and Pinedale Anticline fields, with
limited to no oil and gas development in surrounding areas (Animation 1). The majority
of wells drilled in the center of the PPA, between the Pinedale Anticline and Jonah fields
on the east and the main La Barge Field on the west were wildcat (exploratory) wells
drilled between 1945 and 2000. Those wells were essentially probes into the earth, drilled
prior to the widespread use of high-resolution 3D and 4D seismic reservoir mapping,
which allows for more precise drilling in order to achieve more efficient extraction of the
resource (Cartwright and Huuse 2005; Castro 2007). By the end of 2012, the majority of
those wildcat wells were either suspended, or plugged and abandoned. While there may
be remaining surface disturbance at these well sites until reclaimed, the wellheads of
inactive wells (if they are visible at all) are inanimate objects in the environment,
typically denoted by a stake in the ground above the former wellhead, and cause no
further disturbance to sage grouse from human activity. The cumulative total of wells
drilled in the PPA at the end of 2012 was 8,029. There were 300 wells being developed,
5,316 producing wells, 64 injection wells, and 2,349 suspended/plugged and abandoned
wells.

Oil and gas development, Unavailable Areas, and Core Habitat

The concentrated surface development observed in PPA is in part due to BLM land use
planning to minimize impacts to surrounding areas. For example, the 2008 Pinedale RMP
Record of Decision designated 175,040.5 acres (70,836.6ha) as intensively developed oil
and gas fields, and 453,702.5 acres (183,607.6ha) as "Unavailable Areas™ to oil and gas
development (subject to valid existing rights). Our analyses estimate that by the end of
2012, the surface disturbance from oil and gas development (well pads, roads, and
pipelines, including areas which are in "interim" reclamation status) in the PPA was
approximately 39,013.3 acres (15,788ha) or 2.4% of the Planning area, consistent with
in BLM planning documents.

The PPA also contains 717,728 acres (290,454.2 ha) of core sage grouse habitat (State of
Wyoming 2014). We estimate that the total surface disturbance in core habitat as a result
of oil and gas development has been approximately 4,173 acres (or 0.58% of core
habitat).


https://drive.google.com/folderview?id=0B4QbgBVkQK-4b2NjMVJ2TnFwRkE&usp=gmail

The 2008 Pinedale RMP Record of Decision designated 453,702.5 acres (183,607.6 ha)
as "Unavailable Areas" to oil and gas development. Those acres, in combination with
private land enrolled in conservation easements, provide protection to 51.6% of the core
habitat (370,237 acres) in the PPA (Figure 1). Additionally, sage grouse nesting habitat
in traditional leasing and unavailable areas (301,780 acres, 122,126.03 ha.) is further
protected under seasonal restrictions to protect breeding and nesting sage grouse (BLM
2008b).

Directional drilling technology and operational efficiencies

Until 2004, the majority of wells drilled in the PPA were vertical wells. Directional wells
eclipsed vertical wells from 2004 onward, and by 2010 made up virtually all of the wells
drilled in the PPA (Figure 2). As a direct result of directional drilling, the average number
of wells per pad in the PPA has increased. By the end of 2012, there were an average of
4.74 wells per pad (range: 1 to 50) and the average horizontal distance drilled from a
wellhead was 1,323 feet (range: 801 to 2,995 feet) (Figures 3 and 4). The maximum
horizontal distance for a directional well drilled in the PPA was 6,463 feet, drilled in
2011. The average time from the spudding of a well to its completion on the Pinedale
Anticline was 44 weeks in 1998. This declined to 27.5 weeks by 2012.

Sage grouse lek attendance from 1990 to 2012

The average number of males per lek has been consistently above statewide averages in
the PPA from 1990 through 2012. Annual trends in male lek attendance fluctuated in
synchrony with the statewide average for male lek attendance (Figure 5). The number of
active leks sampled, has increased over time, primarily due to an increase in sampling
efforts by the Wyoming Game and Fish Department (Figure 6).

Although the average number of males per lek was higher in undisturbed areas compared
to those that were disturbed, a similar net change overtime in lek attendance was apparent
in both disturbed and undisturbed leks. We found no evidence of a population decline or
population extirpation in the PPA, as predicted by Holloran (2005) (Figure 1; Animation
2).

Several sage grouse leks had male attendance decline to zero during intensive field
development (Holloran 2005), however, there has not been a consequent extirpation of
sage grouse from the Pinedale Anticline or La Barge fields. In the Pinedale Anticline, the
number of leks in disturbed areas fluctuated between 9 and 11 between 2005 and 2012. In
the older La Barge field, the number of leks increased during the same period (from 7 in
2005 to 11 in 2012). In the Jonah field, lek attendance declined to zero at three leks by
2008, although lek use continued around its periphery (Animations 3 and 4). A
comparison of long-term patterns of lek attendance in the Jonah and La Barge fields, with
increasing levels of surface disturbance, reveals that leks may persist in areas with
surface disturbance thresholds of even 10% or higher (Figures 6 and 7; Animation 5).
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Lek attendance across the PPA has fluctuated in both disturbed and undisturbed areas,
and the fluctuations appear to be independent of development status. Also, lek use
fluctuates in both developed and undeveloped areas (Animation 2), which is consistent
with observations and data that male sage grouse are not tied to specific leks (Bush et al.
2010).

Hypothesis testing results

The data are inconsistent with predictions 1a.1 and 1a.2, leading to the rejection of
Hypothesis 1a (the universally negative and typically severe impact hypothesis). The
impact of oil and gas development has NOT resulted in a severe, negative effect on the
sage grouse population in the PPA.

The data are consistent with Prediction 1b.1, although not enough time may have elapsed
to quantify its full effects because the primary mitigation efforts were implemented in
2008. Therefore, while Alternative Hypothesis 1b (the mitigated impacts hypothesis)
cannot be rejected, it must be acknowledged that more time may be need for it to be fully
tested.

The data are consistent with Prediction 1c, as lek attendance did not decline relative to
population fluctuations found across the state. Therefore, Alternative hypothesis 1c (the
previously overestimated impacts hypothesis) could not be rejected.

The data are inconsistent with Predictions 2.1 and 2.2. Sage grouse persist and in some
cases, increase in number in areas where surface disturbance exceeds a threshold of 3%
within 4-miles of leks. Therefore, Hypothesis 2 (the 3% disturbance cap and 4-mile NSO
hypothesis) is rejected.

Our preliminary analysis of sage grouse lek attendance in areas with high levels of human
activity (i.e. within 0.6 miles for wells being developed, injected, or producing) indicate
that this is a rare occurrence (potentially due to regulations requiring avoidance), with
just 2 to 7 leks in that proximity from 1990 to 2012 (out of 99 total active leks). However,
leks do persist in that category of disturbance, including at least two leks with long-term,
periodic use in the La Barge field.
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Discussion

We found no evidence of a sage grouse population decline in the PPA as a result of oil
and gas development. The average male lek attendance in this population was
consistently above statewide averages, including averages during natural, regional
population fluctuations. Our observations are consistent with those of the State of
Wyoming, that this population has one of the highest sage grouse densities in the State
(Wyoming Game and Fish 2012).

The overall increase in the number of leks and total number of males may be attributed to
an increase in sampling effort since 1990, rather than a dramatic population increase.

Although the average number of males per lek was higher in undisturbed areas compared
to those that were disturbed, both showed the same pattern of fluctuations and tracked
statewide trends. These results and the lack of decline to extirpation in disturbed leks
suggests that the male sage grouse are more tolerant of this level of surface disturbance
than expected. These results are significant because the NTT (2011) recommended a 3%
disturbance threshold and 4-mile seasonal NSO based upon opinion rather than tests of
their effectiveness, as performed in this study.

We found no evidence of a population decline or population extirpation in the PPA or
Pinedale Anticline, as was predicted by Holloran (2005).

Although we found that some leks declined to zero during full-field development, such as
within the Jonah field, we point out that the most discussed case in the Pinedale Anticline
(Holloran 2005), can be attributed to the fact that stipulations designed to protect sage
grouse from disturbance were purposefully waived at those affected leks for the purpose
of research (i.e. to experimentally expose the leks to abandonment). This fact was not
reported by Holloran (2005).

We rejected Hypothesis 1a (The universally negative and typically severe impact
hypothesis), that was based on opinions expressed in the 2011 NTT Report that the
effects of oil and gas development on sage grouse populations "is universally negative
and typically severe.” There was no evidence of a population decline in the PPA despite
100 years of oil and gas development, (as well as agriculture, grazing, highways, and
human habitation).

We were unable to reject Alternative Hypotheses 1b and 1c, although we acknowledge
that more time may be needed to quantify the full effects of mitigation and less impactful
technology tested by predictions of Hypothesis 1b (The mitigated impacts hypothesis).
On the other hand, Alternative Hypothesis 1c (The previously overestimated impacts
hypothesis) could not be rejected. It is apparent that sage grouse are more tolerant of
these activities than previously thought.

And finally, we rejected Hypothesis 2 (The 3% disturbance cap and 4-mile NSO
hypothesis). Sage grouse persisted and in some cases, increased in number in areas where
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surface disturbance exceeds a threshold of 3% within 4-miles of leks. The necessity of the
3% surface disturbance cap and 4-mile NSO restriction, which were based upon the
opinion of NTT members, can now be retired from service and should not be relied upon
in future state and federal regulations. In their place, it makes more sense to focus on
local conditions and mitigating specific threats to sage grouse.

Limitations to the use and interpretation of male lek attendance data

Although male lek count data can provide an index of population trends, there are
limitations to the inferences that can be drawn from those data. Statistical inference using
these data is problematic because lek counts typically involve changes in sampling effort
over time, a non-random sampling of leks, and females and juveniles are not counted
(Walsh et al. 2004; WAFWA 2008; Ramey et al., in press). However, comparisons of
changes in the average number of males per lek, and the distribution of leks sampled
across the population, can provide a useful (albeit imperfect) index of population status
over time. If these trends are compared to the synchronous trends found in other
populations in the region, the potentially confounding influence of abiotic factors on
estimated trends of short duration may be avoided (Fedy and Doherty 2010).

In addition to these issues, there are issues with how male lek count data have been
interpreted in the past, when used to investigate human disturbance on sage grouse (and
in particular, the effects of oil and gas development on sage grouse). For example, several
previous studies of the effects of oil and gas development on sage grouse have relied
upon comparisons of male lek attendance or lek persistence at disturbed versus
undisturbed leks. If the number of males observed in disturbed leks was lower than the
number in undisturbed leks, then it was assumed this would inevitably lead to a
population decline. However, that approach ignores the fact that sage grouse can move
between leks, and thus the measured difference in attendance may be simply due to
avoidance behavior that is of no demographic consequence to the population. The only
situation where this could be of demographic consequence would be if density-dependent
effects were present (i.e. if habitat in the undisturbed areas was limited and overcrowding
caused a reduction in survivorship and/or recruitment that was then detectable as a
population-level decline). To date, no examples of density dependent effects resulting
from human disturbance have been reported in the literature.

A similar issue to that above can occur if researchers track the fate of selected leks
without taking into account trends in lek attendance and distribution across the population
as a whole. In this situation, a decline in lek attendance or the "disappearance™ of one or
more leks is sometimes interpreted as evidence of a population decline, when the
alternative hypothesis, that the birds simply shifted their use to other leks in the
population, was not considered. As noted earlier, lek use can shift over time in response
to changes in human activity and development, or due to natural factors such as changes
in vegetation or patterns of predation. However, if there was no corresponding decline in
overall numbers across the population, then there is no basis for concluding that a
population decline had in fact occurred.
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One of the most difficult misconceptions to overcome in the study of sage grouse is the
belief that sage grouse are tied to specific leks, and therefore, a change in attendance at an
individual lek indicates a loss or gain of individuals to the population as a whole. While
research has shown that sage grouse may have an affinity for particular lek(s), this is by
no means absolute. Simply put, sage grouse are not sessile animals, like barnacles on a
reef. They can easily move among leks (Bush et al. 2010) and among populations and use
non-traditional habitat to make these movements (Harju et al. 2013). It is because of their
efficient flight (Drovetski 1996) that sage grouse are capable of dispersal among
populations, including movements of over 75 miles (120 km) for females and 186 miles
(300 km) for males (Bush 2009; Bush et al. 2011; Tack et al. 2012). These and other
studies have also documented sage grouse dispersal and migration over or around
developed areas such as: roads, transmission lines, agricultural areas, and oil and gas
development (Lyon 2000; Bush 2009; Bush et al. 2011; Tack et al. 2012; Thompson
2012; Harju et al. 2013).

The examples above illustrate how focusing on comparative lek counts, without taking in
the bigger picture of what is occurring in trends across the population, can lead to
erroneous conclusions. In addition, rules and regulations that are based on those
conclusions may be specious and result in operational constraints that may not actually
benefit sage grouse. These are pitfalls that we assiduously sought to avoid.

The most substantial mitigation efforts have been recent

As noted in the introduction, intensive mitigation efforts for sage grouse in the PPA
accelerated in approximately 2005 with the Jonah Infill Project ROD, and accelerated in
2008 with implementation of the Pinedale RMP and Wyoming Governor's Executive
Orders (State of Wyoming 2014). The most significant aspects of these efforts to sage
grouse conservation (and the most easily quantified) was the designation of Core
Population Areas by the State of Wyoming and Unavailable Areas (to oil and gas
development) by the BLM, followed by voluntary enrollment in conservation easements
(funded in large measure by the Jonah Interagency Mitigation and Reclamation Office's
compensatory mitigation fund). Although these have been significant events in sage
grouse conservation in Pinedale, in terms of acreage and protections implemented, there
is no mention of them in primary publications regarding the impact of oil and gas
development on sage grouse in the Pinedale area. This may be explained by the fact that
three of the four primary studies conducted on the impact of oil and gas development on
sage grouse in Pinedale concluded before these measures were implemented (Lyon 2000;
Lyon and Anderson 2003; Holloran 2005). The fourth study (Holloran et al. 2010) only
overlapped with implementation of the Jonah ROD by one field season (2006), and
therefore, could not reasonably be expected to document its effect.

The life cycle of oil and gas wells is misunderstood

Many publications regarding the impact of oil and gas development on sage grouse rely
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on inaccurate assumptions about the tenure of disturbing activities associated with the life
of an oil and gas well. In terms of potentially disturbing sage grouse, wells under
development have the largest number of personnel on site, and the highest noise
generated (from drilling, hydraulic fracturing, interim reclamation, and completion
operations). Injection and producing wells have low levels of intermittent activity (for
maintenance and monitoring), and inactive wells have zero, or near zero, levels of
activity (except for one time plugging and reclamation activities). Therefore, oil and gas
wells are not permanently disturbing features on the landscape as assumed in some
analyses (i.e. Copeland et al. 2009, 2013). Wells have a life cycle, and the duration of oil
and gas production is finite and generally assumed to be approximately 30 years.
Therefore, their impacts as a source of disturbance to sage grouse cannot be expected to
be permanent. After wells are plugged and abandoned, if reasonable and prudent
restoration efforts are undertaken, surface disturbance impacts will be minimal and
temporary.

Conclusion

In conclusion, it is worthwhile asking the question, why has the impact of oil and gas
development on sage grouse, based on the early Pinedale studies, been overestimated?

We propose that there are four underlying causes. First, the majority of the one hundred
year history of oil and gas development in the PPA was concentrated in three intensively
developed fields, with extensive undeveloped areas of suitable habitat surrounding these
fields. This has afforded refugia for sage grouse, if needed, during intense periods of
development, including full-field development. Secondly, mitigation efforts have had a
net positive effect on the sage grouse population by reducing the overall impact of oil and
gas through reclamation, habitat improvement projects, strategically targeted
conservation easements, and land set-asides (thus avoiding density dependent effects).
They have also addressed specific threats and minimized activities that sage grouse
avoid. Thirdly, there have been nearly simultaneous technological advances in oil and gas
development and operations that have reduced or eliminated impacts to sage grouse,
beginning with the widespread adoption of directional drilling around 2004. Because
many of these technologies are not well known outside of the oil and gas industry (refer
to Appendix A for a more detailed discussion), there is a tendency for some outdated
perceptions to persist in scientific literature and resulting policy decisions . And finally,
the primary studies from Pinedale, cited as the basis for many impacts, all predated the
above-mentioned advances in mitigation, regulatory actions, and more efficient
technology. While those studies may have been pertinent at the time they were conducted,
they are now outdated and superseded by new information.
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Appendix 1.
Improvements in technology that reduce impacts to sage grouse

Improvements in drilling, completion, and production technologies have lessened
potential impacts to sage grouse, and other species, by reducing the duration of
potentially disruptive activities, surface disturbance, and noise. The most significant of
these technologies has been directional drilling (directional wells that turn 90 degrees are
also known as horizontal wells). This technology allows operators to access subsurface
resources over a broad area (over a mile in some cases) using multiple wells per pad (up
to 50), thereby reducing surface disturbance compared to multiple vertical wells drilled
from separate pads (Arthur and Cornue 2010; BLM 2011; Ramey, Brown, and Blackgoat
2011; Seto 2011; Applegate and Owens 2014). This is a more efficient way to access the
resource because most oil and gas fields are in horizontal strata that used to require many
vertical wells to tap. The transition in 2004 from drilling predominantly vertical wells to
directional wells represented a major shift in drilling efficiency and consequently less
surface disturbance (i.e. more wells from fewer pads). Directional wells now account for
virtually all of the wells drilled in the PPA.

More efficient technology has also resulted in shorter drilling and well completion times.
While the averages we report show marked improvement (from spudding to completion),
it should be noted that these completion times also include periods of inactivity at a well
site due to interruptions from logistical and seasonal constraints. Therefore, actual drill
and completion times (not including inactive periods), may provide a more accurate
portrayal of the duration of potentially disturbing activities to sage grouse. For example,
companies reported that drilling a well on the Pinedale Anticline (with an average depth
of 13,000 feet) took an average of 65 days in 2002 and this decreased to 35 days by 2006
(OGJ 2007). By 2011 this had improved further, to an average of 14 days of drilling to
depth, and in 2013, QEP Resources reported that they had achieved a well to depth time
of 9.3 days, a new record (QEP 2013). Similar improvements in drilling and completion
efficiency have been reported elsewhere (DTC Energy Group 2013). Overall,
uninterrupted completion times have dropped from six months to as few as 2 to 3 days in
2013 (AECOM 2013).

Directional drilling of multiple wells from the same well pad has also led to a new type of
operational efficiency, one that was not possible during the single-well-per-pad-era: the
co-location of facilities and simultaneous operations on a single well pad. This means that
site preparation, drilling, hydraulic fracturing, completion, and production can be
simultaneously carried out on different wells drilled from the same well pad. This
translates into less equipment moving on and off site, and less manpower required. Rig
moves, that used to take 150 or more truck trips to move between pads, and are
accomplished by skidding the rig to a nearby location on the same pad (Kreckel, 2011).

Other advancements in operational efficiency, with secondary benefits to sage grouse,

have also been implemented in the PPA, both as voluntary and regulatory efforts. The
most significant of these to sage grouse have included:

19



- Installation of a liquid gathering system designed to eliminate 165,000 truck
trips per year (initiated in 2005 and completed in 2012; BLM 2005).

-Installation of remote telemetry systems to monitor wells and condensate tanks
(initiated in 2008 and completed in 2012; BLM 2008b).

- Electrification of the Pinedale Anticline (BLM 2012), allowing equipment to be
powered with electricity rather than internal combustion generators and motors.
While this change was originally intended to reduce high levels of ozone
accumulation in the PPA, it has the secondary benefit of reducing engine noise
and truck traffic (needed to refuel and maintain internal combustion engines).

- Introduction of rotary steerable systems (RSS). These are a "steerable” downhole
drilling apparatus that was introduced on the Pinedale Anticline in 2008 and its
widespread adoption has led to dramatic decreases in drilling time (Okafor et al.
2009).

- Required use of EPA compliant Tier 11 diesel engines on drill rigs, with phase out
into more efficient and Tier 111 and 1V designs, all of which reduce noise (and
pollutants) compared to non-compliant engines in use prior to 2006.

Collectively, these improvements in efficiency translate into reduced drilling time and
completion times, and therefore, reduced disturbance to sage grouse and other species.
Virtually all of the innovations above came after the primary studies were conducted at
Pinedale (from 1997 to 2006).

Although the development of more efficient oil and gas development and production

technology is mainly driven by economic considerations, the benefits to the environment

are obvious: reduced drilling and completion time, which translates into less noise, less
traffic, and less overall disturbance to wildlife.
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Figure 1. Surface disturbance from oil and gas development, sage grouse lek
attendance, and land use protections in the Pinedale Planning Area in 2012. Black
lines indicate surface disturbance from roads, pads, and pipelines. Lek locations and male
lek attendance are represented by red or green circles indicating whether the lek is in a
disturbed (red) or undisturbed (green) area. The diameter of the circle represents male lek
attendance (number of males) at each lek. "Disturbed" leks were defined as those exposed
to 3% or more surface disturbance within a 4-mile radius of the lek. Areas exceeding this
disturbance threshold are indicated in yellow. The upper right chart compares two
different measures of oil and gas related disturbance: the yellow line indicates the
cumulative area surrounding "disturbed™ leks (that exceeds the 3% surface disturbance
threshold within a 4-mile radius of a lek) and the actual measured surface disturbance
(black line). The lower right chart compares changes in the average number of males in
disturbed leks (red line) and undisturbed leks (green line), compared to the Pinedale
population average (black line) and the Statewide average (dashed line). Land status as
follows: conservation easements (pink) include private (as well as some local
government, state, and federal lands having protected status, as per the National
Conservation Easement Database), BLM "Unavailable Areas" (light blue), and Core
Habitat (hatched area).

Results and significance: As surface disturbance has increased, male lek attendance has
not decreased and has remained above statewide averages in the Pinedale Planning Area,
contrary to predictions of population decline made by several previous authors (i.e. Lyon
2000; Lyon and Anderson 2003; Holloran 2005; Holloran et al. 2010) and the NTT
Report. Male lek attendance at Pinedale has been consistently above the statewide
average for the past 22 years. The fluctuations in male lek attendance are synchronous
with other populations in Wyoming and appear to be independent of patterns of surface
disturbance. These results are not consistent with the BLM NTT Report's assertion that
oil and gas, “impacts are universally negative and typically severe" on sage grouse
populations. Nor do these results indicate a necessity for a 3% disturbance cap or 4-
mile NSO in order to prevent a population decline (NTT 2011). A total of 51.6% of Core
Habitat is covered by additional protections from conservation easements and BLM areas
unavailable to oil and gas development that overlap with it.
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Figure 2. Annual number of vertical and directional wells drilled by the oil and gas

industry in the Pinedale Planning Area from 1973 to 2012. The annual number of
traditional, vertical bore wells is indicated in red, and directional wells (including
horizontal wells) are indicated in blue. The transition from predominantly vertical wells
to directional wells took place in 2004. As of 2010, virtually all new wells drilled in the

Pinedale Planning Area are directional wells.
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Figure 3. Increase in number of directional wells per pad in the Pinedale Planning
Area, 1990 to 2012. The widespread adoption of directional drilling technology since
2004 has allowed for the proliferation of multiple wells per pad and therefore more
efficient extraction of subsurface resources and elimination of the need for additional
surface infrastructure, roads, pipeline, powerlines, and vehicle traffic. Currently the
maximum number of wells drilled per one pad in the Pinedale Anticline is 50.
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Figure 4. Satellite image with overlay of subsurface directional well bores in a
portion of the Pinedale Anticline in 2012. Directional and horizontal wells are
indicated in red. At the center of each cluster of well bores is the well pad. By
comparison, if traditional vertical drilling was used to reach the same resources, the end
point of each well bore would have required a separate pad (with a well spacing of 10
acres or less). That would have resulted is substantially greater surface impacts, similar to
that to the early development of the Jonah field. The well spacing in this image is
approximately one-pad per 160 acres.
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Figure 5. Male lek attendance expressed as the average maximum number of males
per active lek in the Pinedale Planning Area from 1990 to 2012. **Disturbed" leks
were those in areas that exceeded a 3% surface disturbance threshold within in a 4-mile
moving window that encompassed the lek. A higher net gain in males per lek was found
in disturbed leks (+17) versus undisturbed leks (+8). Fluctuations observed in the number
of males attending leks are consistent with statewide and regional patterns, however, the
magnitude of fluctuations are not as large in the disturbed leks. Recent authors have
reported that periodic sage grouse population fluctuations are driven by variation in
abiotic factors including precipitation and temperature (Fedy and Doherty 2010;
Blomberg 2012; Guttery et al. 2013).
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Figure 6. Number of active sage grouse leks counted by the State of Wyoming in
“disturbed” and undisturbed areas of the Pinedale Planning Area from 1990 to

2012.
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Figure 7. Trends male sage grouse lek attendance at selected leks in the Jonah (7a)
and La Barge fields (7b) in response to increasing surface disturbance. The annual
number of attending males at each lek is indicated by size of the circle and the fate of
individual leks may be traced over time by following the colored lines. The vertical axis
is the ratio of actual surface disturbance (including land in interim reclamation) to the
area within a 4-mile radius (multiply by 100 to obtain percent surface disturbance). In
both charts, there appears to a threshold of approximately 10% surface disturbance,
although one lek in La barge became occupied after surface disturbance exceeded 14%.
These results underscore the arbitrary nature of currently recommended surface
disturbance thresholds.
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Animation Captions

Animation 1. One hundred years of oil and gas well development activity in the
Pinedale Planning area (1912 to 2012).

Description: Oil and gas development in the Pinedale Planning Area is concentrated over
areas of oil and gas resources in three fields: La Barge, Jonah, and Pinedale. The phase of
well activity for each year is indicated for developing (red), injecting (blue), producing
(green), and suspended or abandoned (black) wells.

Results and significance: This concentrated pattern of development over 100 years,
contrasts sharply with hypothetical build-out scenarios of Copeland et al. (2009, 2013).
Those studies relied on the computer program "Random Forests™ to project a
hypothetical, random distribution of wells over potential oil and gas resources, whether or
not access to those resources would be precluded by land use restrictions (i.e. BLM
Unavailable Areas), mineral rights, or economic feasibility, thus overestimating impacts
to sage grouse. The authors of these studies also assumed that the impacts of inactive
wells (i.e. suspended, or plugged and abandoned) in their models were equivalent to
impacts of active wells (i.e. that the impacts are permanent regardless of the life of the
well). These two assumptions overestimate impacts to sage grouse because: 1) inactive
wells are inanimate objects on the landscape, therefore, are an unlikely threat to sage
grouse, 2) many of the early wildcat well pads have been naturally reclaimed and are now
virtually indistinguishable from the surrounding landscape, and 3) the reclamation of well
pads became a requirement across the Pinedale Planning Area since 2008, thus surface
disturbance is not permanent.

Animation 2. Changes in surface disturbance from oil and gas development and
sage grouse lek attendance in the Pinedale Planning Area from 1990 to 2012.

Description: In this animation, black lines indicate surface disturbance from roads, pads,
and pipelines. Lek locations and male lek attendance are represented by red or green
circles indicating whether the lek is in a disturbed (red) or undisturbed (green) area. The
diameter of the circle represents male lek attendance (number of males) at each lek.
"Disturbed" leks were defined as those exposed to 3% or more surface disturbance within
a 4-mile radius of the lek. Land area exceeding this disturbance threshold is indicated in
yellow. The upper right chart compares two different measures of oil and gas related
disturbance: the yellow line indicates the cumulative area surrounding “disturbed” leks
(that exceeds the 3% surface disturbance threshold within a 4-mile radius of a lek) and
the actual measured surface disturbance (black line). The lower right chart compares
changes in the average number of males in disturbed leks (red line) and undisturbed leks
(green line), compared to the Pinedale population average (black line) and the Statewide
average (purple line). Conservation easements (pink) include private land (as well as
local government, state, and federal lands under special conservation status) as per the
National Conservation Easement Database. Core habitat is indicated as areas with
diagonal lines.
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Results and significance: As surface disturbance has increased, male lek attendance has
also increased in the Pinedale Planning Area, contrary to predictions of population
decline made by several previous authors (i.e. Lyon 2000; Lyon and Anderson 2003;
Holloran 2005; Holloran et al. 2010) and the NTT Report. Male lek attendance at
Pinedale has been consistently above the statewide average for the past 22 years. The
fluctuations in male lek attendance are synchronous with other populations in WWyoming
and appear to be independent of patterns of surface disturbance. These results are not
consistent with the BLM NTT Report's assertion that oil and gas, ““impacts are
universally negative and typically severe™ on sage grouse populations. Nor do these
results indicate a necessity for a 3% disturbance cap or 4-mile NSO in order to prevent
a population decline (NTT 2011).

Animation 3. Changes in surface disturbance from oil and gas development and
sage grouse lek attendance in the La barge/Big Piney area from 1990 to 2012.

Description: Legend is the same as in previous animations, except that a colored (blue-
red) surface topography indicates the magnitude of annual changes in male lek attendance
in clusters of nearby leks (red = increasing, blue = decreasing).

Results and significance: Note that lek attendance fluctuates on an annual basis among
clusters of leks, even in undisturbed areas. This is consistent with observations that males
are not tied to specific leks but shift use among lek locations. Sage grouse males continue
to attend leks in the La barge field in significant numbers despite the area exceeding the
3% surface disturbance threshold.

Animation 4. Changes in surface disturbance from oil and gas development and
sage grouse lek attendance in the Pinedale Anticline/Jonah area from 1990 to 2012.

Description: The legend is the same as in previous animations, except that a colored
(blue-red) surface topography indicates the magnitude of annual changes in male lek
attendance in clusters of nearby leks (red=increasing, blue=decreasing).

Results and significance: Note that lek attendance fluctuates on an annual basis among
clusters of leks, even in undisturbed areas. This is consistent with observations that males
are not tied to specific leks but shift use among lek locations. Sage grouse males continue
to attend leks in the Pinedale Anticline field in significant numbers despite the area
exceeding the 3% surface disturbance threshold. Sage grouse no longer attend leks within
the Jonah field however use continues on its periphery and over a broad area outside the
field.

Animation 5. Surface disturbance and reclamation in the Jonah field from 1990 to
2013.

Description: In this satellite image overlay, areas of surface disturbance are indicated in
red (i.e. well pads), and areas undergoing reclamation are indicated in green. Charts on
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the right show the cumulative acreage of actual surface disturbance, reclamation, and net
disturbance.

Results and significance: The Jonah Infill ROD required operators to mitigate surface
disturbance and associated environmental impacts as quickly as possible, and awards
credit on an acre-for-acre basis once the BLM determines areas have been successfully
been reclaimed (i.e. rollover status). As of June 2013, none of the Jonah field reclamation
had achieved rollover status. Data from the Jonah Infill Data Management System.
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