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Groundwater Well Inventory and Assessment in the Area
of the Proposed Normally Pressured Lance Natural Gas
Development Project, Green River Basin, Wyoming, 2012

By Michael J. Sweat

Abstract

During May through September 2012, the U.S. Geo-
logical Survey, in cooperation with the Bureau of Land
Management, inventoried and assessed existing water wells
in southwestern Wyoming for inclusion in a possible ground-
water-monitor network. Records were located for 3,282 wells
in the upper Green River Basin, which includes the U.S. Geo-
logical Survey study area and the proposed Normally Pres-
sured Lance natural gas development project area. Records for
2,713 upper Green River Basin wells were determined to be
unique (not duplicated) and to have a Wyoming State Engi-
neers Office permit. Further, 376 of these wells were within
the U.S. Geological Survey Normally Pressured Lance study
area. Of the 376 wells in the U.S. Geological Survey Normally
Pressured Lance study area, 141 well records had sufficient
documentation, such as well depth, open interval, geologic
log, and depth to water, to meet many, but not always all,
established monitor well criteria. Efforts were made to locate
each of the 141 wells and to document their current condi-
tion. Field crews were able to locate 121 of the wells, and the
remaining 20 wells either were not located as described, or
had been abandoned and the site reclaimed. Of the 121 wells
located, 92 were found to meet established monitor well crite-
ria. Results of the field efforts during May through September
2012, and specific physical characteristics of the 92 wells, are
presented in this report.

Introduction

Groundwater is the primary source of water supply for
rural livestock, domestic, and industrial uses in the Green
River Basin in southwestern Wyoming (Clarey and others,
2010). In April 2011, EnCana Oil & Gas (USA) Inc. (EnCana)
filed a scoping notice [EnCana Oil & Gas (USA) Inc., 2011]
with the Bureau of Land Management (BLM) for develop-
ment of the Normally Pressured Lance (NPL) natural gas
development project area, hereafter referred to as the NPL

project area. The BLM then filed a notice of intent to prepare
an environmental impact statement for the NPL natural gas
development project in Sublette County, Wyoming (Bureau

of Land Management, 2011). The notice of intent outlines a
gas development project consisting of 3,500 wells installed
within an area of 141,080 acres, with production from the Late
Cretaceous-age Lance Formation at a depth from 6,500 to
13,500 feet (ft) below land surface, where gas is under normal
formation pressure conditions.

As part of the public-involvement process, the BLM and
the Wyoming Department of Environmental Quality (WDEQ)
asked the U.S. Geological Survey (USGS) to inventory
groundwater information for the NPL project area. During
May through September 2012, in cooperation with the BLM,
the USGS inventoried, verified, and assessed well records for
the upper Green River Basin, an area that includes the NPL
project area (fig. 1), for inclusion in a possible groundwater-
monitor network. Field verification of well conditions and
water levels was completed for a subset of wells in the vicinity
of NPL project area.

Description of Study Area

The NPL project area (fig. 1) is located about 68 miles
(mi) northwest of Rock Springs, Wyoming, and about 25 mi
south of Pinedale, Wyoming, and covers approximately
141,080 acres administered by the BLM Pinedale Field Office
(PFO) and the BLM Rock Springs Field Office (RSFO). The
NPL project area consists of all or parts of 233 sections in
Township (T) 27 North (N) Range (R) 107 West (W) through
R109W, T28N R107W through R110W, and T29N R108W
through R110W. The NPL project area is adjacent to the Jonah
Infill Development Project (JIDP) in Sublette County, which
also is an EnCana gas development project on BLM lands.
No incorporated, permanently inhabited areas are within the
NPL project area, although EnCana has a workforce facility
adjacent to the JIDP that can house 296 people. This facility
includes dedicated water supply and wastewater treatment
facilities.
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To account for groundwater movement through the
NPL project area, a study area was established between the
Green River, the Big Sandy River, and U.S. Highway 191,
and between State Highway 351 and an east-west line 12 mi
south of the Sublette and Sweetwater County line, between the
Green and Big Sandy Rivers. This area forms the USGS study
area and covers approximately 702,000 acres.

The study area consists of sage brush steppe, and as
such includes critical habitat (Duke and others, 2011) for the
Greater Sage-Grouse (Centrocercus urophasianus), elk (Cer-
vus elaphus), pronghorn (Antilocapra americana), mule deer
(Odocoileus hemionus), and feral horses (Equus caballus).
Many other plant and animal species also are present in the
area. Most of the land surface is federally owned and is admin-
istered by the BLM; as such, one of the primary land uses
within the study area is livestock grazing. Most water wells in
the study area provide water for livestock.

Purpose and Scope

The purpose of this report is to present an inventory and
assessment of existing wells in the study area that was made
during May through September 2012. These wells may be
suitable for inclusion in a groundwater-monitor network in the
NPL project area and the USGS study area.

The scope of the report includes a description of cred-
ible and suitable well criteria, and data objectives for different
monitoring purposes, including depth of the well, depth to
top of open interval, length of open or screened interval, and
geologic formation or unit in which the well is completed.

Methods

The methods used include physical and electronic records
searches, screening of wells based on published criteria
required by BLM for establishment of a monitor well, and
field reconnaissance to physically verify well location, access,
depth, and measurement of depth to water. Screened intervals
were determined from well completion records on file with the
Wyoming State Engineers Office (WSEO). This information
was assessed to determine suitability of each well for use in a
monitor network.

Well Screening

Physical and digital groundwater well records were
accessed from files and databases maintained by the WSEO,
BLM field offices, Pinedale Anticline Project Area (PAPA)
producers, and the USGS Groundwater Site Inventory
(GWSI) database (U.S. Geological Survey, 2004). Records
of groundwater wells from BLM, PAPA producers, and
USGS sources included 3,282 wells in the upper Green River
Basin. These records were compared against the WSEO
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well-permit database, and only those wells with WSEO per-
mits (2,713 unique records) that were within the USGS study
area (376 wells) were selected for assessment for inclusion in
a possible groundwater-monitor network.

Records for the 376 wells were then screened accord-
ing to the credible/suitable well screening matrix presented in
AMEC Geomatrix (2009) and to the USGS Office of Ground-
water site establishment specifications published in Cunning-
ham and Schalk (2011), and were used to identify wells that
would be suitable for use in a monitor network.

Credible/suitable well screening information developed
by AMEC Geomatrix (2009) for the PAPA producers is listed
in table 1. USGS minimum data elements required to estab-
lish a groundwater site are listed in table 2 (Cunningham and
Schalk, 2011). In general, critical information is available
for many existing wells that is common to all data objec-
tives described in the credible/suitable well screening matrix
(table 1) and that meets the minimum set of data elements
required to establish a groundwater site (table 2); however,
existing wells are unlikely to meet all of the credible/suit-
able criteria set forth for every data objective because some
of the information needed to meet the criteria is not routinely
reported by drillers upon well completion (amec, 2012).

Within the USGS study area, 376 wells with WSEO per-
mits were identified. The records for each of these wells were
then assessed using the criteria established by AMEC Geoma-
trix (2009) and the USGS (Cunningham and Schalk, 2011). A
total of 141 existing well records were found that contained
sufficient information to meet the AMEC Geomatrix (2009)
criteria common to all data objectives and the specific criteria
necessary to (1) characterize horizontal flow in the aquifer
in which they were completed (data objective 1; table 1),

(2) monitor groundwater levels and characterize vertical flow
between hydrostratigraphic units (data objective 2; table 1),
and (3) monitor water-quality impacts (data objectives 5 and
6; table 1) from oil and gas activities.

Specifically, information about these wells generally
included information about the original depth of the well, the
open or screened interval(s) of the well, the type of surface
seal, and depth to water at the time of completion of the well.
This information is sufficient to describe general groundwater
conditions in an area such as the potentiometric surface, and
to allow for the collection of groundwater-quality samples
representative of the aquifer(s) in which the well(s) is com-
pleted. With the collection of additional data, this information
is sufficient to allow for the description of changes to this
surface with time, and to describe local effects from activities
such as pumping,

Once the subset of 141 candidate wells was identified,
USGS staff then developed a strategy to locate and document
each of these wells. A local project folder was created for each
well. The folder contained a copy of the well permit; drilling
completion report(s), including driller’s log(s); and any previ-
ously collected data from the well, such as depth to water,
physical properties of water measured in the field, water-
quality sample results, aquifer test results, and well production
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Table 1. Credible/suitable well screening requirements to establish a groundwater site developed by AMEC Geomatrix (2009) for the
Pinedale Anticline Project Area producers.

[BLM, Bureau of Land Management; <, less than; HSU, hydrostratigraphic unit; ft, foot; PHC, petroleum hydrocarbons; <, less than or equal to; USGS,
U.S. Geological Survey; PAPA, Pinedale Anticline Producers Association]

Data objective Well selection criteria

Critical information common to all data Existing monitoring data collected in accordance with BLM requirements.
objectives Well completion report available.
Lithology recorded on drillers log.
Geographic location known.
Casing reference elevation known or can be obtained.
Total depth known.
Casing sealed and depth of seal known.
Position of perforated interval known.
1. Characterize horizontal flow within an HSU ~ Well accessible for water-level measurements.
Well perforated/screened in single hydrostratigraphic unit (HSU).
Well adequately sealed from adjacent HSU(s).
Perforated/screened interval <50 ft.
2. Characterize flow between HSUs (vertical Well accessible for water-level measurements.
gradients) Well located <200 ft from companion well completed in different HSU.!
Well perforated/screened in single hydrostratigraphic unit (HSU) and adequately sealed.
Discrete perforated/screened inverval (<50 feet).
3. Characterize flow between groundwater and ~ Well accessible for water-level measurements.
surface water Well near river/stream.’
Well perforated/screened in single HSU.
Well located near an existing/planned streamgage.’
All criteria for objective 2 are met.!
4. Collect credible aquifer test data* Well accessible for water-level measurements.
Perforated/screened interval in appropriate lithologic interval of target HSU.
Perforated intervals isolated from nontarget lithologies.
5. Monitor water-quality impacts from oil and Well accessible for sampling.
gas activities—surface release Well is secure and access is controlled (for example, locking cap).’
No non-oil and gas PHC sources located in immediate vicinity.
Perforated/screened interval in uppermost HSU and brackets water table.
Perforated/screened interval <50 ft.
No prior PHC detections.®

6. Monitor water-quality impacts from oil Well accessible for sampling.
and gas activities—excursion from

Well located in Pinedale Field or immediately downgradient of field.”
drilling/operating gas wells

Well is secure and access is controlled (for example, locking cap).’

No prior PHC detections.®

! Currently (2012) no well clusters exist that meet this criterion.

2 Not all wells will meet this criterion; however, there are some wells on the margins of the study area that do.

3 Currently (2012) no wells meet this criterion; however, in 2013, shallow wells are planned to be installed at USGS streamgages that are along the margins of
the USGS study area.

* Aquifer tests are not routinely performed on livestock supply wells; wells selected for a monitor network could be slug tested to determine some aquifer
properties.

> Wells in the USGS study area are not dedicated monitor wells and therefore generally do not have locking caps. Most have pumps in them and are used
intermittently for water supply for livestock and wildlife. Dedicated project monitor wells would have to be installed to be able to secure them.

© In general, few water-quality analyses are available for the selected wells. This criterion would need to be established at the time of baseline sampling to
determine if any wells meet this criterion.

7 This PAPA criterion will be modified to state that the well must be located in either the Normally Pressured Lance (NPL) natural gas development project
area or the USGS study area (Janet Bellis, Bureau of Land Management, oral commun., 2012).



values. A map was created using the location information
provided for each well. Well records were then sorted by the
aquifer or geologic formation in which they seemed to be
completed, determined from well completion reports, driller’s
logs, and water-level records.

Field Reconnaissance

Field crews consisted of experienced USGS hydrologists
assisted by student interns. The field crews were trained by a
senior hydrologist in the specifics of locating and documenting
groundwater wells based on procedures described in Cun-
ningham and Schalk (2011). After field work was complete,

a supervisory hydrologist checked all field records to verify
well inventories were complete. Follow-up visits are planned
in 2013 to further document wells for which water levels were
not measured in 2012 because of well access issues.

Methods

Before attempting to locate and visit each well, owner-
ship information was used to contact the owner of each well
for permission to access the site and the well. In most cases
(135), the BLM was the owner of the well. If the BLM well
was considered part of a grazing lease, the current (2012) les-
see was contacted and informed of the USGS’s need to access
the site and the well. For privately owned wells (6), the own-
ers were contacted by phone and permission was requested to
access the site and the well. Site and well access was granted
for all 141 well sites.

Using the project folder for each well, field crews

5

attempted to physically locate each of the 141 candidate wells.

Because the study area is in a remote part of the State that
has sparse human habitation, many of the wells are located
in areas that do not have maintained roads. For this reason,
USGS obtained road and trail information from EnCana for
use with global-positioning system (GPS) devices. Each
morning, the field crew would identify target wells to locate

Table2. U.S. Geological Survey minimum set of data elements to establish a groundwater site.

[Minimum set of data elements based on Cunningham and Schalk (2011). GPS, global-positioning system; GWSI, Groundwater Site Inventory]

Data accuracy and limitations

—_

accurate to about 0.5 second.

. Altitudes determined from topographic maps are accurate to within one-half the map contour interval; latitudes and longitudes are

2. Accuracy of latitude, longitude, and altitudes determined by use of GPS are dependent on each instrument’s capabilities.

3. The accuracy of the measuring point, land-surface datum, measuring point correction, and reference marks depends on the measurement

method used.

4. A graduated steel or electric tape commonly is accurate to 0.01 foot.

Assumptions

1. The groundwater site is established by a field visit. At times, a site is established without a field visit. In that instance, less information

may be available to establish the site in GWSI.

2. A groundwater site is a single point, not a geographic area or property.

3. All information available for a site will be compiled and entered in GWSI. This includes data and information that are not mandatory for

GWSI (U.S. Geological Survey, 2004).

4. A GPS unit, aerial photographs, remotely-sensed images, paper maps, or some combination of these resources, will be used to complete
the location-based information needed for Form 9-1904-A (fig. 3). A U.S. Geological Survey (USGS) computer application is available
for this task, which automates some of the steps in the procedure. Use of that application is encouraged, but it is not yet available for field

use.

5. The hydrographer has gathered all of the information available about the well, including a well-construction log, geologic log, and owner

information, and has permission to access the well.

Instructions

. Locate the well as described in Cunningham and Schalk (2011).

. Establish a permanent measuring point, land-surface datum, and nearby reference marks as described in Cunningham and Schalk (2011).

. Measure the water level in the well by using a steel tape or electric tape, as described in Cunningham and Schalk (2011).

1
2
3. Measure the total depth of the well as described in Cunningham and Schalk (2011).
4
5

. Use the information collected before the field visit and the measurements collected during the field visit to complete every GWSI compo-

nent (Form 9-1904-A, see fig. 3) for which you have information.

Data recording

Data are recorded in the field on the GWSI Groundwater Site Schedule (Form 9-1904-A, see fig. 3). Water levels also are recorded on the

appropriate water-level measurement field form.
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for that day, and would determine the best route to each well
using the GPS, paper maps, aerial photography, and remotely-
sensed images. In many cases, the most precise location
information available was a quarter-quarter section (40 acres
or 0.06 square mile). To overcome this limitation, a conversion
from quarter-quarter section to latitude-longitude coordinates
for the centroid of the quarter-quarter section was used to
assist with navigation. This reduced the area of uncertainty for
a well to 10 acres or 0.015 square mile in most cases.

From June through August of 2012, field visits were
attempted at each of the 141 candidate wells that met initial
criteria. Upon arriving at the reported well location, an attempt
was made to locate and identify each well. Field crews were
able to locate 121 of the wells (table 3) because the well was
readily visible (examples are shown in figs. 24, 2B) and the
location information was correct. Upon arrival at each well,
the field crew would assess the site for any safety consider-
ations and would then begin to document the well by complet-
ing a detailed field form (fig. 3, at the back of the report). Pho-
tographs were taken of the well from each cardinal direction.
Additional photographs were taken as needed to document
the site, such as close-ups of any infrastructure and additional
identifying information (fig. 2C).

The height of the well casing above land surface was
measured and documented, and the well was then accessed
to make a water-level measurement and to sound the well for
total depth. In most cases water levels were measured with
an electric tape (Cunningham and Schalk, 2011, p. 33-38)
or a graduated steel tape (Cunningham and Schalk, 2011,
p- 95-104). Access to measure water levels typically was
through a small port provided in the well cap for this purpose
(fig. 2D). In some cases, wells were not capped and access
was directly into open casing. In other cases, typically those
wells having windmills, a metal plate was over the well. Many
of these metal plates did not have access ports, so they were
lifted off the well casing using a jack or wedge, and the water-
level measuring tape was inserted between the metal plate and
the top of the well casing. For measurements made this way,
the water-level measurement is slightly less accurate (approxi-
mately 0.01-0.03 foot) because the tape is not held vertically
at the measuring point, and there is a slight curvature to the
tape. Multiple water-level measurements were made until two
successive measurements fell within the guidelines for accu-
rate measurements (Cunningham and Schalk, 2011, p. 5-8 and
33-38). Water levels were recorded on the site-specific field
form (fig. 3).

Table 3. Number of wells visited, preliminary aquifer assignment, and results of field visit.

[Shaded cells indicate candidate credible/suitable wells: blue, free flowing well; tan, candidate well that could not be accessed to measure water level; min,

minimum; max, maximum; ft, feet; SS, sandstone; WL, water level]

Geohydrologic unit (min-max depth of wells in feet)

Farson SS Member

Wasatch-Fort Union aquifer

Laney .
Alluvium  Member of of Green River Cathedral New Fork  yprnown
(notreport- Green River Formation/ Wasatch  Bluffs Tongue  Tongue of (not Total
ed-1,012ft) Formation Alkali Creek Tongue  Formation  of Wasatch Wasatch reported)
' (26-3g5f) °f Wasatch Formation (155-1,573t) ~ Formation Formation
(8-1,365 ft) (150 ft) (55-500 t)
Water-level 1 10 42! 6! 0 0 0 59
measurement
Pumping WL 1 3 6 1 1 12
Flowing 2 1 1 4 8
No access; WL 0 1 6 0 2 2 13
might be
possible
Dry (to total depth 0 1 4 2 0 0 2 9
or obstruction)
Plugged or sealed; 1 4 5 2 0 0 8 20
abandoned
Could not locate 0 1 6 3 0 0 10 20
Total 5 21 70 20 1 2 22 141

' Two wells are completed in both the Farson SS Member of the Green River Formation/Alkali Creek Tongue of Wasatch Formation and the Wasatch
Formation of the Wasatch-Fort Union aquifer, but are only counted in the Farson SS Member of the Green River Formation/Alkali Creek Tongue of

Wasatch Formation.



Upon completing water-level measurements, the well was
sounded to ascertain the total depth of the well. Each member
of the field crew checked the depth, and the well depth was
recorded on the site-specific field form (fig. 3). Measured
well depths were checked against both permitted and report
completion depths, and discrepancies noted.

Upon completion of in-hole measurements, the well
was returned to the condition in which it was found and the
field crew completed the remaining entries on the field form,

Photograph by Katharine Foster, U.S. Geological Survey.

Photograph by Michelle Taylor, U.S. Geological Survey.
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including a site sketch, date and time of visit and water-level
measurement, latitude and longitude measured on site with a
field-grade GPS, and any other information the field crew felt
was pertinent. Well elevations were assigned based on the well
location plotted on a USGS 1:24,000-scale topographic map.
Both EnCana and surface lessees asked USGS field crews to
document any sightings of wildlife, including elk, horses, and
raptors, and these observations were included in the field notes
for any well location where sightings were made.

Photograph by Mike Sweat, U.S. Geological Survey.

Photograph by Katharine Foster, U.S. Geological Survey.

Figure 2. Photographs illustrating: A, an easily located well; B, a well with existing pump and storage tank; C, additional identifying
information found at some wells; and D, typical access for water-level measurement.
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Results

Through an inventory of physical and digital well
records, the USGS found 3,282 groundwater-well records
for the upper Green River Basin. A total of 141 existing well
records were found that contained sufficient information to
meet the AMEC Geomatrix (2009) criteria common to all
data objectives (table 1) and the specific criteria necessary
to (1) characterize horizontal flow in the aquifer in which
they were completed (data objective 1; table 1), (2) monitor
groundwater levels and characterize vertical flow between
hydrostratigraphic units (data objective 2; table 1), and
(3) monitor water-quality impacts from oil and gas activities
(data objectives 5 and 6; table 1). The USGS attempted to visit
each of the 141 wells to verify the wells existence and condi-
tion, and to measure the water level. This section describes the
wells that met credible/suitable criteria and the results of well
field visits.

During the well-records search, information for each well
was tabulated in a worksheet. Well records were screened on
the basis of whether data required to meet credible/suitable
criteria were available for each well. For many wells, some
of the required information was not reported; however, using
best professional judgment, USGS hydrologists determined
these wells might meet criteria for some of the data objectives
listed in table 1 and the wells were included in the study. The
information that most commonly was missing from the records
was depth to open interval(s) and depth to bottom of seal.
Additionally, the perforated or screened intervals in most of
the wells do not straddle (bracket) the water table (data objec-
tive 5; table 1), and the perforated or screened interval in many
wells is not in a single hydrostratigraphic unit (data objectives
1, 2, 3, and 5; table 1), because these wells were designed to
produce water. Given these limitations, USGS determined
that wells listed in table 4 (at the back of the report) might be
credible/suitable monitor wells for data objectives 1, 2, 5, and
6 (table 1).

For data objective 1 (table 1), wells in table 4 generally
meet all well selection criteria, although many wells have per-
forated or screened (open) intervals greater than 50 ft. Many
of these wells have multiple perforated or screened intervals,
in which case packers could be used to isolate sections of
aquifer less than or equal to 50 ft for measuring water levels
from different hydrostratigraphic units.

For data objective 2 (table 1), wells in table 4 generally
meet the first and third criteria; however, only two sites have
multiple wells located within 200 ft of each other and com-
pleted in different hydrostratigraphic units. Without the instal-
lation of additional, dedicated monitor wells at other locations,
this data objective is unlikely to be met as stated; however, the
use of packers in wells with multiple perforated or screened
intervals would allow for water levels to be measured at
discrete vertical intervals within a well, which would provide
data similar to multiple wells completed at different depths.

For data objectives 5 and 6, best professional judgment
was used to include these wells. Because most of these wells
are used for stock or other purposes, they have dedicated
pumps installed, and generally are not locked or secured due
to the remoteness of the area. Additionally, many have not
been previously sampled for petroleum hydrocarbons (PHC),
so it is not known if any of them might have detectable levels
of PHC; however, given the information that is known about
the wells, their location, and their current (2012) use(s), USGS
believes that these wells could provide reliable data about
water quality if they were to be sampled. For data objec-
tive 5, an arbitrary maximum depth of 200 ft for the top of the
open interval (table 4) was selected for this report as a cut off
beyond which surface spills are unlikely to be detected. Con-
sultation with cooperators and additional site characterization
would be needed to determine the suitability of any given well
to meet data objective 5.

During field reconnaissance, 20 of the 141 wells the
USGS attempted to visit could not be located (table 3). These
20 wells could not be located due to either incorrect location
information in the well records, or because the well had been
abandoned or destroyed and no surface indication of the well
could be found at the site. The 121 wells that were visited
were found in many different conditions.

Static water levels were measured at 59 wells, and
pumping water levels were measured at 12 wells. Eight of
the located wells were free flowing (no pump) (tables 3 and
4; fig. 4). Field crews noted the height and diameter of the
discharge point; however, they did not have pressure gages
or other tools with which to accurately measure water level.
Flowing wells are planned to be revisited in 2013, and a pres-
sure gage will be used to determine the actual height above
the land surface to which water would rise. It is important to
include flowing wells in the network because they offer valu-
able information about the rate and direction of vertical flow
both in and between aquifers. No water-level measurement
was attempted at 13 wells due to site conditions, but these are
planned to be revisited in 2013 and water-level measurements
will be attempted. Of the remaining 29 wells (table 3), 9 were
located and found to be dry or obstructed, and 20 were located
and found to be plugged or sealed, and abandoned.

A total of 92 wells (fig. 5) were determined to either meet
some credible/suitable criteria (79 wells) or to be candidate
wells that might meet credible/suitable criteria (13 wells).

The latter wells were located, but due to site conditions, a
water-level measurement was not made or attempted during
the initial field visit. These wells are planned to be revisited in
2013 by a senior hydrologist who will attempt to measure both
the depth to water and the total depth of the well. Access to
measure water level would likely make these wells candidates
for inclusion in a monitor well network.

Of the 79 wells found to meet credible/suitable criteria
for determ