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Disclaimer:

It is important to note that all project recommendations presented in
this report are conceptual only and are intended to provide sufficient
information to initiate projects, assess design/site constraints,
understand costs, and to apply for funding through various funding
mechanisms; implementation may require further engineering analysis
and design. Also, there are no requirements that these projects be
ultimately implemented; participation is totally voluntary. Furthermore,
the Sweetwater County Conservation District has no obligation to
participate as sponsor of projects for potential funding. Decisions to
sponsor a project will be made by the SWCCD board on a case by case
basis.
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l. INTRODUCTION AND OVERVIEW
1.1 Introduction

In 2016 the Sweetwater County Conservation District (SWCCD) requested funding from the Wyoming
Water Development Commission (WWDC) for the completion of a watershed management plan for the
Bitter Creek / East Flaming Gorge watershed. The intent of the funding request was to have a
comprehensive watershed inventory completed, which identified issues related to land use and water
resources, and to then develop a plan addressing those issues. The WWDC approved funding for the study
and Anderson Consulting Engineers, Inc. (ACE) was ultimately contracted in June 2017 to complete the
project.

1.2 Project Overview

The Bitter Creek / East Flaming Gorge Watershed Study is a comprehensive evaluation and an initial
inventory of the water and land resources within the study area. This Level | study provides important
information that the SWCCD (the study’s local sponsor) and the WWDC could use in developing water
resources and implementing conservation practices that address water- and land- resource concerns
within the study area. This watershed study includes in-depth descriptions about recommended water-
development projects that could provide economic, ecological, and social benefits to the state of
Wyoming and its citizens. The intent of this report is to provide the results of the Study.

1.2.1 Study Area

The project study area lies within the Upper Green River basin and is defined as the Bitter Creek / East
Flaming Gorge watershed, located in Sweetwater County, Wyoming (Figure 1.2-1). Bitter Creek itself is
defined by the United States Geologic Survey (USGS) as the fourth order basin: Bitter Creek (Hydrologic
Unit Code 14040105). In the interest of eliminating potential "gaps" between this study and areas covered
in previous Level | investigations, Wyoming Water Development Office (WWDO) staff added the portion
of the Upper Flaming Gorge HUC8 (Hydrologic Unit Code 14040106) lying east of Flaming Gorge Reservoir
and north of the Wyoming / Colorado State line.

Consequently, the project study area consists of Bitter Creek and its principal tributaries: Antelope Creek,
Salt Wells Creek, Patrick Draw, Sweetwater Creek, Tenmile Creek, and Killpecker Creek in addition to the
east Flaming Gorge watershed which includes Sage Creek, Currant Creek and Red Creek (among others).

Bitter Creek generally flows west to the confluence with the Green River at the City of Green River, WY.
The Green River flows south into the Flaming Gorge Reservoir, which defines the downstream limit of the
study area. From Flaming Gorge Reservoir, the Green River continues south through Utah and eventually
joins the Colorado River near Moab, Utah. Most of the Bitter Creek headwaters are south of 1-80 except
for Killpecker Creek which starts at the Killpecker Sand Dunes and joins Bitter Creek at Rock Springs, WY.

1.1 Anderson Consulting ENGineers, Inc.
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The study area covers approximately 1.8 million-acres (2,853 sq. mi.) in southwest Wyoming. The
watershed is located entirely within Sweetwater County. The cities, towns, and communities of Rock
Springs, Superior, and Reliance lie within the watershed boundary. Most of the area’s residents live in the
City of Rock Springs and its vicinity. The remainder of the study area is sparsely populated and consists
primarily of open range lands.

1.2.2 Whatis a Watershed Study?

The Operating Criteria of the Wyoming Water Development Program (Wyoming Water Development
Commission, 2015) describes Level | watershed studies as preliminary analyses and comparison of
development alternatives; although, the designation of a Level | study is also used for master plans,
watershed improvement studies, and other water-planning studies. Specifically, the Operating Criteria of
the Wyoming Water Development Program, (Wyoming Water Development Commission, 2015) describes
watershed studies as:

“These studies provide a detailed evaluation of an individual watershed. The studies may identify
water development and system rehabilitation projects as well as address erosion control, flood
control or other non-water development related environmental issues. Watershed improvement
studies are an integral part of the Small Water Project Program, which has its own specific criteria.
The studies may identify projects that may be eligible for the New Development, Rehabilitation, or
Dam and Reservoir Programs.”

While the WWDC'’s definition summarizes a watershed study in terms of their operating criteria, the
general philosophy of a watershed study may perhaps be best explained in an article entitled
“Conservation and Watershed Studies. What's the Connection?” which appeared in the WWDC's Water
Planning News Fall 2009 newsletter (Wyoming Water Development Commission, 2009). In this article, a
watershed study is described as follows:

“Today, conservation by watershed is an old concept with new horizons. Watersheds have long
been recognized in the western United States for their significant natural resources and the
interrelationships found contained in land areas connected by stream systems. These relationships
were recognized by John Wesley Powell from his early expeditions of the west and resulted in
proposed conservation, low density open grazing, irrigation systems and state boundaries based
on watershed areas.

The conservation concept developed over time to coalesce in the early 1930’s with the formation
of special districts whose boundaries were often based on watersheds. At that time the
relationship between stream systems and landscape function was recognized. This relationship
was broadened to embrace watershed condition and quality and its response to human influences.
This further provided some understanding of the historic land use effect on watershed condition
and how management and restoration needs to be based on local landscape characteristics.

1.3 Anderson Consulting ENGineers, Inc.



Today, these relationships are embraced by the Wyoming Water Development Commission and
Office through a watershed study program. On behalf of a local community sponsor, a watershed
study can provide a comprehensive evaluation, analysis and description of the resources
associated with a watershed and the watershed’s water development opportunities. It is best
stated that information related to the physical sciences is incorporated into a biological system.

There are three prominent issues that are important considerations in a watershed information
review and study. The first is surface water storage. Surface water storage is often of significant
interest to a watershed community in order to address seasonal and/or annual shortages of water
supply, augment late season stream flow to benefit riparian habitat, fisheries and wildlife, address
flood impacts, enhance recreation opportunities, improve water quality and steam channel
stability.

Second is the evaluation of irrigation infrastructure and development of information necessary to
guide its rehabilitation and conservation. Of interest to local water users are ways to improve
water delivery and on-farm irrigation efficiencies often timed to address annual or seasonal
shortages of water supply or irrigation water delivery issues.

Third is the enhancement of upland water resources and distribution for livestock and wildlife that
allows grazing management adjustments for range resource improvement. Benefits to the
watershed, through plant community invigoration, reduction of erosion and stream channel
stabilization, can be achieved from water development projects being strategically implemented
over the watershed. Other issues and opportunities such as making beneficial use of produced
water and removal of high water demand invasive species can also be important.

A watershed study, providing management and rehabilitation plans for water storage, irrigation
systems and upland water development, can help empower a community to proactively enhance
their watershed. Conservation by watershed can be an effective holistic approach to embracing
the natural resource challenges and opportunities facing a community. A watershed study can
provide the information to meet those challenges.”

1.2.3 The Small Water Project Program (SWPP)

One of the purposes of this Level | watershed study is to provide the basis upon which the WWDC can
make future decisions pertaining to state funding of water development projects. Potential projects
identified in this study may be eligible for funding through the WWDC'’s Small Water Project Program, or
SWPP. According to the operating criteria of the SWPP:

“The purpose of the Small Water Project Program (SWPP) is to participate with land management
agencies and sponsoring entities in providing incentives for improving watershed condition and
function. Projects eligible for SWPP grant funding assistance include the construction or
rehabilitation of small reservoirs, wells, pipelines and conveyance facilities, springs, solar
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platforms, irrigation works, windmills and wetland developments. Projects should improve
watershed condition and function and provide benefit for wildlife, livestock and the environment.
Projects may provide improved water quality, riparian habitat, habitat for fish and wildlife and
address environmental concerns by providing water supplies to support plant and animal species
or serve to improve natural resource conditions.”

Projects eligible for funding through the SWPP include:

small reservoirs

wells

solar platforms

pipelines and conveyance facilities,

springs developments,

wetland developments,

environmental projects (streambank stability, water quality improvements, etc.),
irrigation projects,

windmills,

rural community fire suppression (supply and storage projects), and
recreational.

According to the WWDC's recently revised operating guidelines, project priorities are as follows:

Applicants can receive up to $35,000 towards these costs.
the SWCCD which would serve as the applicant’s sponsor. Application deadlines are December 31st of

o v s wnN =

Source water development

Storage

Pipelines, conveyance facilities, solar platforms and windmills
Irrigation

Environmental

Recreational

the year for consideration.

In addition, projects that have completed permitting requirements, certified designs, agency notifications,
land procurement and finalized other financial agreements (in other words, “shovel ready” projects) may
be considered as a funding priority at the discretion of the WWDC. The SWPP and its operating criteria

are discussed in greater detail in Chapter 8: Economic Analysis.
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13 Project Purpose and Objectives

The purpose of this Level | watershed study was to combine the available data and information with the
study-generated inventory data to develop a comprehensive watershed management and rehabilitation
plan that outlines proposed and potential water-development opportunities. To accomplish this effort,
the following objectives were completed:

e Facilitate consensus building among the conservation district, landowners and the Wyoming
Water Development Commission.

e Facilitate public participation through public meetings, open houses/workshops, SWCCD contacts,
and advertisements.

e Conduct an evaluation and description of the Bitter Creek / East Flaming Gorge watershed,
including quantity and quality of surface water resources, and riparian/upland conditions.

e Inventory and describe Irrigation systems, water storage, and flood control needs present within
the watershed.

e Conduct a geomorphic assessment of the primary channels within the watershed and identify
potential mitigation measures to improve impaired channel reaches.

e Conduct an irrigation system inventory and develop a rehabilitation plan for those ditches
expressing an interest to participate.

e Conduct an evaluation of water storage needs and opportunities to augment water available for
livestock and wildlife.

e Develop a watershed management plan which identifies water resource related within the
watershed and proposes practical economic solutions.

e Identify permits, easements, and clearances necessary for plan implementation.

e Develop cost estimates for improvements.

e Complete an economic analysis and evaluate alternative sources of funding.

The study culminates in the delivery of a Watershed Management and Rehabilitation Plan (the Plan). Itis
the goal and objective of the sponsors and the WWDC to generate a plan that is not only technically sound,
but also one that is practical and economically feasible. The plan also includes development of a database
to facilitate the planning process and the evaluation/implementation of watershed improvements. To
accomplish this task, the SWCCD, WWDC, and ACE addressed several key issues, including the following:

e Utilization of grazing lands

o Water availability

e Channel stability/riparian restoration/enhancement

e rrigation system assessment (to promote rehabilitation of existing facilities and provide
opportunities for water conservation that would support an increase in water availability)

e Public participation and acceptance (intent is to focus on solutions, not compliance issues)
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During the completion of this Level | investigation, efforts were made to meet with as many landowners
and stakeholders as possible and to help defining their individual water projects. These projects are then
outlined as components of the Plan. Feasible projects not meeting criteria of the SWPP are included as
recommendations in the Plan; they simply exceed the cost limitations of the program or are not project
types listed in the WWDC criteria. For these projects, recommendations for future
planning/implementation efforts may include recommendation for Level Il funding and/or investigation
of alternative funding sources.

1.4 Report Utilization

The remainder of this report is organized in a manner which we believe will provide the greatest utility to
the reader, the WWDC, and the SWCCD. The major chapters are presented as follows:

Chapter 2 - Project Meetings: This chapter documents the public meetings, open houses, and Final
Results Presentations which were conducted in support of the project. In addition, we
document individual onsite meetings we completed with individual landowners to discuss
their water resources issues.

Chapter 3 — Review of Existing Information: This chapter describes the data collection and
management methods used in the project, as well as an overview of project GIS and Digital
Library submitted along with this report.

Chapter 4 - Watershed Description and Inventory: This chapter provides a characterization of the
study area and its resources. In this chapter, we provide and discuss the management
implications of various watershed attributes and potential impacts upon watershed
improvement recommendations. We also provide source references for data utilized so the
SWCCD and WWDC can easily update information as needed during future planning efforts.

While completing this task, we met with numerous stakeholders, including private
landowners, state agency representatives, and federal agency representatives to ascertain
their specific resource-related concerns, needs and objectives. Our team contacted as many
individuals as possible through phone calls, office visits and onsite ranch or farm visits.
Potential projects were discussed which might help address concerns expressed.

Chapter 5 — Surface Hydrology: This chapter provides a summary of existing hydrology data, mean
annual discharge estimations for each sub-watershed, peak flow estimations and flooding
information pertinent to the study area, and a description of surface water availability and
shortages.

Chapter 6 - Watershed Management Plan: This chapter describes the individual projects which
together, comprise the Plan. The projects were, for the most part, conceptualized or

1.7 Anderson Consulting ENGineers, Inc.



documented through the effort discussed under the Watershed Inventory phase (Chapter 4).
Projects fall into several broad categories:

Surface Water Storage Opportunities
Irrigation System Rehabilitation

Upland Livestock/Wildlife Water Development
Groundwater Recharge

Wetland Development and Enhancement

Grazing Management

In addition, we present discussions of potential benefits of the various components to the
State of Wyoming and its residents.

Chapter 7 - Cost Estimates: In this section, we present conceptual level cost estimates of the
Watershed Management Plan components and the methods and assumptions supporting
them. This information can then be used by the SWCCD and project sponsors in future
planning efforts.

Chapter 8 — Economic Analysis: This valuable portion of the report summarizes numerous funding
programs provided by various local, state and federal entities as well as private organizations.
This information can be used to determine optimized funding strategies including partnering
with multiple funding sources

Chapter 9 — Permits: Most projects included in the Plan will require some sort of permit to be
completed. In this section, we provide information to help guide the SWCCD through the
permitting process and agency contact information.

Chapter 10 — Conclusions and Recommendations: Here we summarize the highlights of the Plan and
make concise and feasible recommendations for further action on behalf of the WWDC and
the SWCCD.

1.8 Anderson Consulting ENGineers, Inc.



. TASK 1: PROJECT MEETINGS
21 Meetings and Workshops

An integral part of the Bitter Creek / East Flaming Gorge Watershed Study was the public outreach and
involvement effort. Meetings were orchestrated by Anderson Consulting Engineers (ACE) and typically
included informal presentations conducted by ACE staff and the Wyoming Water Development Office
(WWDO). The objectives of the meetings were to:

e Discuss the purpose, existing data, and available information for the watershed study
e Obtain input and opinions from residents and landowners about the study area

e Identify concerns and answer questions about the area’s water and land resources

e Request participation in the study effort and coordinate inventory activities

e Present initial results and preliminary findings from the watershed study

At each of the meetings, ACE representatives were available to discuss the project one on one with
landowners/stakeholders and to initiate development of watershed plan alternatives. The project GIS
was demonstrated when appropriate to keep landowners up to date on the information which would
ultimately be incorporated within it.

At the Project Workshops/ Open Houses, ACE staff were available to discuss the study one-on-one with
landowners/stakeholders or the general public. These conversations typically ended with initiation of
development of project plans or scheduling future on-site visits.

e July 16,3017 Project Scoping Meeting

e October 8, 2017 Project Workshop / Open House

e March 6, 2018 Project Workshop / Open House

e April 12,2018 Bitter Creek / Killpecker Creek Watershed Advisory Group
e July 12,2018 Bitter Creek / Killpecker Creek Watershed Advisory Group
e October 2,2018 Draft Results Presentation public meeting

Appendix 2A contains pertinent information regarding the Draft Results Presentation.

Meetings and workshops were advertised in advance in the Rocket Miner newspaper. In addition, a
mailing list was generated using county assessor’s information, the SWCCD mailing list, and input from
SWCCD representatives. Letters were then sent to individual landowners/stakeholders, agency
representatives, and other interested parties describing the project and inviting participation.

21 Anderson Consulting ENGineers, Inc.



2.2 Field Trips and "Tailgate Talks"

Field investigations generally occurred in coordination with scheduled meetings for efficiency. Specific
field efforts targeted irrigation inventory, upland livestock/wildlife water opportunities, and stream
channel conditions observations.

Individual meetings with landowners and lease holders were scheduled at their residences and properties
where discussions focused on land and water resource concerns and issues specific to the landowner.
Usually, the landowner gave a tour of the property. During these property visits, initial planning and
conceptual project designs were discussed for upland livestock/wildlife and irrigation water
improvements. These informal interviews, often held spontaneously while in the field, have become
dubbed "tailgate talks" and provide valuable insight into the overall assessment of the watershed. The
project team reached out to approximately 60 contacts. Ultimately, a total of 26 individuals/agencies
were interviewed; some on multiple occasions.

Throughout the watershed study, local ranchers, irrigators, and residents who invited the study team to
visit their properties and discuss issues and concerns demonstrated extensive knowledge and valuable
insight about the watershed. Because of the willingness of landowners to share information, insight, and
direction, the study team was able to incorporate this knowledge and experience into the study and
provide a more effective evaluation of the watershed.

2.2 Anderson Consulting ENGineers, Inc.



3.1

TASK 2: REVIEW OF EXISTING INFORMATION

Collection of Existing Information

A significant amount of information and pertinent data were available from existing sources at the time

this project was initiated. In an effort to collect and incorporate as much of this information as possible,

the following sources were either contacted directly or information and documents procured via websites,

libraries, or personal contacts:

U.S. Bureau of Land Management (BLM)

U.S. Geological Survey (USGS)

U.S. Department of Agriculture/Natural Resources Conservation Service (NRCS)
U.S. Department of Agriculture/Farm Service Agency (FSA)

U.S. Department of Agriculture/Forest Service: Ashley National Forest (USFS)
U.S. Environmental Protection Agency (EPA)

U.S. Fish and Wildlife Service (FWS)

U.S. Department of Interior (DOI)

U.S. Department of Interior (DOI)/National Park Service Register of Historic Places (NPS)
Wyoming Water Development Commission (WWDC)

Wyoming Department of Environmental Quality (WDEQ)

Wyoming Abandoned Mine Land Program (AML)

Wyoming Game and Fish Department (WGFD)

Wyoming State Historic Preservation Office (SHPO)

Wyoming State Engineer’s Office (WSEO)

Wyoming Oil and Gas Conservation Commission (WOGCC)

Wyoming State Geological Survey (WSGS)

Wyoming Geographic Information Science Center (WyGISC)

Wyoming Natural Diversity Database (WYNDD)

Wyoming Landscape Conservation Initiative (WLCI)

Wyoming Wildlife Federation (WWF)

Water Resources Data System (WRDS)

Sweetwater County Weed and Pest District

Sweetwater County Assessor’s Office

Sweetwater County Engineer’s Office

Green River Basin Landscape Conservation Design

Trout Unlimited (TU)

3.2 Previous WWDC-Funded Investigations

Several projects and studies have been completed through the Wyoming Water Development

Commission within the study area. Figure 3.2-1 shows a map of these previous studies.

3.1 Anderson Consulting Engineers, Inc.
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3.3 Geographic Information System

A GIS can be thought of as a powerful three- dimensional mapping tool that can be used to evaluate and
compare spatial data pertaining to a wide range of topics. Numerous maps can be "stacked" to overlay
information; each map, or "theme", incorporates data, or "attributes" pertaining to the theme. For
instance, a theme showing the location of stock reservoirs ditches could also include numerical data
pertaining to each reservoir’s water rights and condition.

Available GIS data pertaining to the Study Area was collected from a wide range of sources and used to
develop the characterization of the watershed presented in Chapters 4 and 5 of this report. The
SuiteWater Web Service developed by the Wyoming Association of Conservation Districts (WACD) was a
source for much of the general information. In addition, data was collected from various agencies and
incorporated into the project GIS. In an effort to reduce redundancy of data and reduce data management
requirements, any data available from SuiteWater was not incorporated into the project GIS delivered
with this report.

The data that is included in the GIS deliverable is data that throughout the course of the project was
generated through analysis and watershed plan development. This data represents “new” or “value
added” data and does not currently exist in Suitewater and is not available from any other source. “New”
data would include items such as: Rosgen stream classification results, identification of upland water
sources, WWDO potential project locations, etc. “Value Added” data are data sets that already exist (i.e.
through SuiteWater for example) but has been modified or has had attributes added with the results of
an analysis conducted during this study. For example, the HUC 12 Hydrologic Units are an existing dataset
distributed by the USGS and available through SuiteWater. During this study the dataset was used as a
basis for hydrologic analyses. Mean annual runoff and peak discharges were computed using various
regional methodologies. The results of this effort were incorporated within the HUC12 dataset as new
attributes.

The delivered GIS geodatabase was built using a template geodatabase obtained from the Wyoming
Water Development Office (WWDO). The geodatabase adheres to the GIS standards detailed in the Bear
River Data Model Pilot Project, GIS Standards Technical Memorandum issued January 1, 2018.

The data in the delivered project GIS is stored in an ArcMap 10.5 File Geodatabase. The File Geodatabase
format was chosen for a variety of reasons including; optimizing the GIS performance, customizing the
data storage structure, and database compactness and portability. Contained within the
BCEFG_Watershed.gdb (file geodatabase) is a series of feature datasets categorized by the agency who
supplied the data (for example, BLM, AML, etc.). Within each feature dataset are feature classes
representing the various geographic data supplied by the agency or developed during the project.

It is also important to note that data presented in the project GIS and within this report are subject to
change with time as the agencies creating them continually update their databases. The user is
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encouraged to obtain the most current data available to meet the needs of future endeavors utilizing the
project GIS.

34 Digital Library

The Digital Library is a collection of 270 documents, plats, maps, figures, spreadsheets, etc., pertaining to
the project. Documents reviewed during the completion of this project were scanned and included in the
Digital Library to the extent possible. Copyright protected documents were not included in the Library;
however, documents published by public agencies were included where feasible. The Digital Library
consists of a spreadsheet listing the available documents and links to each; it can be searched or sorted
depending upon the user’s needs. Individual document files can be directly accessed via the Digital Library
or directly by “browsing” on any IBM based computer. Documents included in the Digital Library were
obtained from the agencies listed in Table 3.4-1, among many others. The Digital Library table of contents
has been included as Appendix 3A.

Table 3.4-1 Selected Sources of Information Included in the Digital Library.

USDI Bureau of Land Management

United States Army Corps of Engineers

United States Environmental Protection Agency
United States Fish and Wildlife Service
United States Forest Service

USDI United States Geologic Survey

Natural Resources Conservation Service

Wyoming Department of Environmental Quality

Wyoming Department of Game and Fish

University of Wyoming

Wyoming Water Development Commission

Wyoming Department of Environmental Quality

Wyoming Weed and Pest Council

Wyoming State Engineers Office

Wyoming State Geological Survey

United States Forest Service

Sweetwater County Conservation District

Miscellaneous
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V. TASK 3: WATERSHED DESCRIPTION AND INVENTORY

4.1 Introduction and Purpose

A considerable amount of information exists pertaining to the Bitter Creek/East Flaming Gorge Study Area
and its resources. The data spans a wide variety of disciplines and includes basin hydrology, water quality,
land use and ownership, geology and soils, and agricultural practices as typical examples. The primary
objective of the watershed inventory phase of this project was to accomplish the following objectives:

collect, review, and compile pertinent information regarding the study area;

collate the data in a single database; and

assess the data to characterize the watershed and facilitate identification of existing issues and
development of improvements to the watershed.

Throughout the remainder of this chapter, an overview of existing conditions of natural resources found
within the study area are discussed. Included are summaries of numerous individual disciplines:
vegetation, soils, wildlife, hydrology, ecologic site descriptions, etc. For each discipline, individual maps
delineating the character and extent of that watershed attribute were generated within the project GIS.
In conjunction with many of the map figures, summary tables have been prepared which tabulate various
attributes of the pertinent watershed characteristics.

4.2 Physical Systems

4.2.1 Overview

Specific topics discussed in the following sections include the following:

e C(Climate

e Geology

e Groundwater Hydrology
e Surface Water Hydrology
e Geomorphology

4.2.2 C(Climate

Climate of the study area is broadly considered as desert and steppe. According to “Water Resources of
Sweetwater County” (USGS, 2004):

“Areas identified as desert generally receive less than 10 inches (in.) of precipitation annually and
are characterized by dryland vegetation such as saltbush, greasewood, and desert shrub. The
areas identified as steppe are dominated by Wyoming big sage. Driese and others (1997) report a
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shift from grassland to shrub-dominated communities such as Wyoming big sage as summer
precipitation decreases to less than 11.1 in.”

Historic climate data for five NOAA Cooperative Weather Stations was obtained through the Western
Regional Climate Center website (http://www.wrcc.dri.edu/). All the stations are within the Bitter Creek

watershed, except for the Flaming Gorge station which is just south of the study area in Utah. This station
was included since it represents the climate for the southeastern portion of the watershed which is more
mountainous and higher in elevation. Table 4.2-1 presents the average temperature range and average
total precipitation while Figure 4.2-1 displays the data graphically as bar charts. As indicated in the bar
charts, summers are warm and dry throughout the study area, with July high temperatures averaging
around 85 °F (29.4 °C). Summer nights are characterized by a rapid cool down; with mean summer lows
averaging approximately 45-50°F. Winters are cold with average low temperatures below freezing from
October through April.

Extreme fluctuations in temperatures from day to day and in annual precipitation from year to year are
common. These climatic variations have strong effects on vegetation and in determining land capabilities
and use. The USGS report (2004) states, “the climatic conditions alternate on an annual basis between
having cold winter temperatures, which prevent substantial plant growth, and having summer water
deficits”. The NOAA Cooperative Weather Stations in the Bitter Creek watershed indicate that the average
precipitation in the summer (June-August) is only about 0.7 inches per month.

Figure 4.2-2 displays the mean annual precipitation throughout the watershed. The data used to generate
this figure were obtained from the Wyoming Geographic Information Center (WyGISC). These data
represent the results of PRISM spatial climate data generated at the Oregon Climate Center, Oregon State
University. As indicated in this figure, the mean annual precipitation varies significantly across the
watershed. The western portion of the watershed only receives 6-7 inches of rain per year, while some
small mountainous areas in the southeast can receive up to 20 inches. Table 4.2-1 shows that the Flaming
Gorge gage receives approximately 12 inches of annual rainfall, while Bitter Creek, Rock Springs, and
Green River only receive ~6-9 inches of annual rainfall.

The average “frost free period” can be used to approximate the growing season, as described by the NRCS
below:

“The growing season is defined as that part of the year when soil temperatures at 50 cm (20
inches) below the soil surface are higher than biologic zero (5 degrees C, 41 degrees F). As this
quantitative determination requires in-ground instrumentation which is not usually available,
growing season can be estimated by approximating the number of frost free days. The growing
season can be approximated as the period of time between the average date of the last killing
frost in the spring to the average date of the first killing frost in the fall. This represents a
temperature threshold of 28 degrees F or lower at a frequency of 5 years in 10.”
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Bitter Creek 4 NE: Station 480761
Period of Record: 1962 - 2016
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Figure 4.2-1 Mean Monthly Climatic Factors for Bitter Creek Watershed.
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Rock Springs: Station 487840
Period of Record: 1898 - 1979
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Figure 4.2-1 Mean Monthly Climatic Factors for Bitter Creek Watershed. (continued)
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Flaming Gorge: Station 422864
Period of Record: 1957 - 2016
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Figure 4.2-1 Mean Monthly Climatic Factors for Bitter Creek Watershed. (continued)

The average (50% probability) frost free period, spring last freeze dates, and fall first freeze dates at the
NOAA Cooperative Weather Stations are shown in Table 4.2-2. The freeze-free periods are also shown
graphically in Figure 4.2-3 for two threshold temperatures (28°F and 32°F). Temperatures between 32 and
28 degrees are considered a “light freeze” where tender plants are killed with little destructive effect on
other vegetation, whereas temperatures below 28 degrees have a widely destructive effect on most
vegetation.

Table 4.2-2 Average Frost-Free Periods at NOAA Cooperative Weather Stations.

15-Sep

16-Jun 2-Sep 84
11-May 1-Oct 142
30-May 20-Sep 112
12-May 24-Sep 133
27-May 14-Sep 111
17-May 20-Sep 126

1-Jun 11-Sep 100
16-May 22-Sep 127

6-Jun 15-Sep 103
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Figure 4.2-3 Average Frost-Free Periods at NOAA Cooperative Weather Stations.

The project area is subject to strong gusty winds, often accompanied by snow during the winter months,
producing blizzard conditions and drifting snow. Wind direction and speed data have not been routinely
collected within the project study area; however, a weather station at Black Butte Mine, audited by Inter
Mountain Laboratories, monitored hourly wind speed and direction from 2015 to 2017. Figure 4.2-4
presents a wind rose generated from the Black Butte Mine data from January 1%, 2015 to August 9", 2017.
The wind rose depicts the relative directional frequency of the winds and the speed class. As indicated,
the winds are predominately from the west approximately 34 percent of the time, with frequent winds
also from the north-northeast and south. The mean wind speed is 8.4 miles per hour (3.75 meters per
second).

Wind Rose - Black Butte Mine (2015-2017) m>30mph
m25-30 mph

20-25 mph

15-20 mph
NNW NNE 10-15 mph

W 5-10mph
NW 15% NE W O0-5 mph

ENE

ESE

Figure 4.2-4 Wind Rose for Weather Station at Black Butte Mine (Jan 2015 — Aug 2017).
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It must be kept in mind that this information must be viewed in light of the fact that climate changes are
occurring and will likely continue to occur into the future. Causal relationships are open to debate,
however, according to a recent publication of the University of Wyoming (Gray, S., C. Anderson, 2009):

“There is mounting evidence that the earth is experiencing a warming trend. Climate change has
resulted in a 1° F increase in average global temperature in the past century, largely in the past 30
years (IPCC, 2007). The concern now is that climate change may increase the impact of droughts,
just as population growth and other factors have greatly increased the West’s vulnerability to
water shortages. The impacts of these global changes on Wyoming’s weather and river systems
include altered precipitation patterns and changes to the timing of snowmelt and river flows,
which together will significantly alter Wyoming’s water supply.”

Management Implications:

Climatic changes will present unpredictable challenges for land managers; impacts of long-term climatic
changes cannot be predicted at this time. Numerous guidance documents are available which provide
guidance for conducting climate change vulnerability assessments, or CCVA’s. The USEPA provides
guidance documents worthy of review by land managers that target vulnerability assessment and
planning to offset potential impacts. Many of these documents have been incorporated within the
project Digital Library.

Data Sources:

Western Regional Climate Center: http://www.wrcc.dri.edu/

Oregon Climate Center, Oregon State University PRISM dataset

4.2.3 Geology

The foundation of the Bitter Creek watershed is, of course, the geology. The relative resistance to erosion
of the geologic strata exposed at the surface defines every detail of the natural topography, with the hard
sandstones of the Sand Butte bed of the Laney Member of the Green River forming the prominent cliffs
of the Kinney Rim, and the soft shales of the Baxter Shale forming the eroded desert landscape around
the Rock Springs airport. In concert with climatic conditions, the geology also controls the texture,
chemistry, and overall character of the soils formed across the watershed. Finally, geologic conditions
govern the accumulation of mineral deposits and the availability and quality of groundwater.

This section begins with brief discussion of the surficial geology, the materials found at the surface,
intermediate between their bedrock source and their soil progeny. The bedrock geology is then presented
in terms of “stratigraphy” - the character and distribution of the materials making up the subsurface strata
- and “structure” - the geometry of how those initially flat-lying strata have been tilted (or not) and broken
up over time.
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4.2.3.1 Topography

Topography of the watershed is dominated by the Rock Springs Uplift. The uplift is a dissected,
asymmetrical, doubly plunging anticline with north trending axis (See section 4.2.3.2 for a detailed
discussion of the uplift and surface/bedrock geology of the study area). As described by Lowham, et al.,
(1981), the crest of the uplift has an average elevation of about 6,500 feet and is occupied by the Baxter
Basin which is a relatively flat topographic basin eroded into soft shales of the uplift. Around the uplift,
resistant sandstone beds form inward-facing escarpments that surround the basin.

Three remaining prominent topographic features exist within the study area: Quaking Aspen Mountain,
Potter Mountain, and Pine Mountain. These features are remnant mesas left after erosion of what was
once a continuous sedimentary layer extending over much of the southwest portion of Wyoming
(Lowham, et al., 1981)

Geologic hazards (landslides, faults, etc.) which could affect watershed planning efforts are discussed
in Section 4.2.3.4 of this report (Geologic Hazards- Landslides and Earthquakes).

4.2.3.2 Surficial Geology

The surficial deposits mapped within the Bitter Creek watershed are presented on Figure 4.2-5. For the
most part, the distinction between surficial and bedrock geology is that the former is the unconsolidated,
weathered product of the latter. Each of these deposits will produce soils and vegetation as a function of
its physical and chemical composition, slope, slope aspect, local precipitation and other climatic factors,
age, etc. which vary widely across the study area.

The detailed mapping behind Figure 4.2-5 includes 50 individual units. These have been grouped into 12
broader categories for presentation here. The boundary lines within the major units on the map key
reflect finer subdivisions, see the cited references for details.

The majority of the Bitter Creek watershed (45%) has been mapped simply as “residuum” This is the in-
situ material formed from the weathering of the underlying bedrock. Soluble components of bedrock are
partially removed by surface water and groundwater. The remaining, insoluble portions of the rock
experience mechanical weathering from freeze-thaw and rain-drop impact with little to no transport.
Residuum deposits within the study area may occur over any geologic substrate. Reflecting the ongoing
weathering and erosion of underlying materials, these deposits are relatively thin compared to other

surficial deposits. The distinction between “residuum” and “soil” is based on the chemical and biological
modification of these weathering products. “Grus” is the coarse residuum associated with granitic

bedrock.

Second to residuum in areal coverage is “colluvium” (22%) - the same origin and type of material, but
which is judged to have moved downslope somewhat. Such movement may be slow, e.g. “soil creep”, or
dramatic, e.g. landslides.
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Third, at 17%, and the only other category with more than 10% coverage is “exposed bedrock”, i.e. areas
from which weathering products have been largely removed by erosion. Bedrock formations are further
discussed in Section 4.2.3.3.

Other mapped surficial geology units include:

e  “Alluvium” - the material associated with surface drainages and is produced by the action of a
stream or river. It is of minor importance in the Bitter Creek watershed because of the limited
presence and size of active streams. Where a substantial thickness of erosional material has
developed at the mouth of an upland drainage, “alluvial fan” deposits are mapped. Where past
alluvial activity has left stream deposits across the surface, “terrace” and “bench” deposits are
mapped.

e “Eolian deposits” - wind-blown materials, i.e. sand dunes.

e “Landslide deposits” - these are indicative of geologic instability, discussed further in Sec. 4.2.3.3.

e “Playa deposits” - the fine-grained material forming the typically barren flats in small, undrained
basins. In the Bitter Creek Watershed, these deposits have developed locally on the extensive,
low-permeability outcrops of the Baxter Shale.

e “Mined areas” - in this watershed, the pits and spoil piles associated with the coal seams found,
and open-pit mined, in the Fort Union Formation and, to a small extent, with the older, deep-
mined coal seams in the Rock Springs Formation.

The surficial geology is primarily of importance with respect to the soils that form on those materials and
as an indication of the stability of the landscape (e.g. landslides). With respect to water supply, the
surficial geology plays little role, except for immediately along perennial streams, where streamflow may
keep surficial deposits saturated, providing a natural filter for groundwater wells that are basically stream
diversions. Surficial geology may also impact groundwater recharge rates, as precipitation will readily
infiltrate an area of sand dunes and may run off with minimal infiltration where bedrock is exposed at the
surface.

4.2.3.3 Bedrock Units

The following paragraphs outline the basic geology of the Bitter Creek watershed in terms of the geologic
formations present (the “stratigraphy”) and the geometry of how those formations are oriented, folded,
and faulted (the “structure”). For the purposes of this planning investigation, the watershed geology is
presented with respect to its general relevance to the development of useful water projects. A detailed
description of the complexities of the study area's geology is beyond the scope of this investigation. A
multitude of sources exist which provide additional details, site-specific geologic descriptions and
mapping (e.g. see Mason and Miller, 2005; and Clarey et al., 2010 for copious discussion and bibliography.)
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The geologic materials present at the surface and in the near subsurface have an obvious bearing on
potentially relevant issues of slope stability, structural integrity (dams, buildings), and infiltration rates
and are the foundation for the types and quality of soils present.

The character of geologic materials in the deeper subsurface is primarily of importance to this study with
respect to groundwater development opportunities, i.e. the potential quantity and quality of groundwater
available at various locations and depths across the watershed.

Figure 4.2-6 provides a bedrock geologic map of the study area developed from standard mapping by the
US Geological Survey (USGS) at 1:500,000 scale (Love and Christiansen, 1985) and mapping compiled by
the Geological Survey of Wyoming (WGS) at 1:100,000 scale (Jones and Scott, 2010; Roehler, 2004;
Sutherland and Luhr, 2011). Discontinuities between the four quadrants of Figure 4.2-6 are a function of
the mapping scale rather than of any change in geology. Only the map units with significant coverage are
labeled. Appendix 4A expands on the figure key and provides basic descriptions of all geologic units
mapped in the study area. The formations of the watershed are listed top-down from youngest to oldest
on Figure 4.2-6 except for the Green River and Wasatch Formations, which overlap substantially in age.

Stratigraphy

The geologic formations that underlie the study area range in age from Precambrian (>600 million years
old) to the alluvial deposits currently being laid down by the action of Bitter Creek and the Green River.
Only rocks younger than approximately 100 million years old are exposed at the surface (and therefore
appear on a geologic map). In the case of the Bitter Creek watershed, this presents the entire geologic
section of interest, however, because the oldest formation mapped is the Baxter Shale. With a thickness
of over 3,500 ft. and very little groundwater-production potential, the Baxter Shale effectively forms the
base of the geologic column usefully available to ordinary groundwater projects. There are another 6,200
feet of sedimentary rock beneath the Baxter Shale, including such formations as the Cloverly Formation,
the Nugget and Weber Sandstones, and the Madison Limestone, which can be very productive aquifers
elsewhere in the state. Beneath the Bitter Creek watershed, the depth of these formations renders them
very expensive to develop and produces water quality unlikely to be suitable for most purposes. See
Lynds (2013) for a lithologic column and geophysical log for a test hole near Rock Springs that penetrated
the entire sedimentary section.

Appendix 4A provides summary descriptions of the geologic strata of the Bitter Creek watershed, in age
order (youngest to oldest) which is also the approximate order in which these formations would be
encountered in a vertical drill hole. The complex strata of the Wasatch and Green River Formations are
the widespread exceptions, for which individual beds and members extensively interfinger and replace
one another. Figure 4.2-7 illustrates this complex layering beneath the Bitter Creek Watershed (Mason
and Miller, 2005), illustrating the critical importance of local conditions if one is interested in these
formations.
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With respect to groundwater-development potential, the strata of primary interest in the Bitter Creek
watershed are sandstone units within the Mesa Verde Group and the Wasatch Formation. The
Quaternary-age alluvium, which is commonly productive of high-quality groundwater in Wyoming where
deposited adjacent to mountain fronts, is generally thin and in the Bitter Creek Watershed. The
hydrogeology of the watershed is described below (Section 4.2.4).

Geologic Structure

In the case of the Bitter Creek watershed, the hydrologic basin, defined by surface topography, is nearly
the inverse of the geologic structure, which is basically a dome. The dominant geologic feature of the
watershed is the Rock Springs Uplift, centered on the outcrop of the Baxter Shale (“Kba” on Figure 4.2-6),
where the oldest rocks are exposed at the center and successively younger strata dip away from that
center in all directions. The strata in the center, which are the oldest, dip most steeply. The strata at the
periphery, which are the youngest, dip more gently. Figure 4.2-8 provides a cross-section through the
western side of the uplift.

s
B S 5 Rock Springs Uplift
z = %
Tgl = e =
B /N e
Tw //—Fj////’ /& \ _K;: R ”'//- —— __.,(_m _\ 1 . 7—_\
I b — e R — =
e -

] 1,000 feet

Source: Jones and Scott, 2010 (Rock Springs Quad)

Figure 4.2-8 Bitter Creek Watershed Geologic Cross Section.

It's as though the top half of an onion were sliced through, exposing the core of the onion in the middle
(“Kba”) with successively outer layers running around that middle, dipping away, towards the outer edges.
Thus, the outermost layer is the Adobe Town Member of the Washakie Formation (“Twka”) - appearing
only along the southeast edge of the watershed. The exposed edge of each layer is the outcrop mapped
on Figure 4.2-6. The outcrop bands are wider where the layers dip less steeply (e.g. to the southeast) and
narrower where the layers dip more steeply (e.g. along the northwest edge of the watershed). As erosion
has re-shaped the surface of this “slice through the onion”, successively deeper layers have been exposed
to create the complex outcrop patterns seen on Figure 4.2-6.

4.16 Anderson Consulting EnGineers, Inc.



Given the layered sequence of these formations, any formation older (further down the column on Figure
4.2-6) than that mapped at the surface is likely present at depth at that location. The depth depends upon
the thickness of the overlying formation(s) and how steeply the formations are dipping. For example, the
Ericson Sandstone (“Ke”) is present beneath the mapped outcrop of the Almond Formation (“Kal”) at all
locations, at depths up to the full thickness of the Almond (600 to 900 ft.). The Ericson is progressively
deeper beneath any formation younger than the Almond. The Baxter Shale could be reached at a depth
of 6,000 feet beneath the outermost layer (Twka), in the southeast portion of the watershed.

Groundwater development potential is determined by depth to a water-bearing formation and zones of
fracturing that develop where a rock layer is faulted or tightly folded. Such fractures can provide
important pathways for groundwater flow to a well and are commonly critical to the development of large
well yields. Faults and fractures are present at many scales in the Bitter Creek Watershed. Faults that
have been mapped at a scale of 1:100,000 are included on Figure 4.2-6, and provide a general guide to
the orientation and formations in which smaller, local features may be found.

The relative scarcity of faults in the “outer” layers of Figure 4.2-6 reflects the geologic history of the area.
The older, central layers were more extensively deformed during the creation of the Rock Springs Uplift,
the early stages of which occurred before or during the creation of the younger, outer, less-deformed
layers.

With rare exceptions, deformation and faulting within the study area is the result of activity in the far-
distant geologic past. Fracturing associated with faults can usefully enhance permeability and
groundwater production or create problems in terms of seepage rates and landslide potential. Faults do
not represent a constraint on development activity with respect to earthquakes.

4.2.3.4 Geologic Hazards - Landslides and Earthquakes

Figure 4.2-9 presents landslide information for the study area. Published landslide mapping is available as
the "landslide deposits" mapped with bedrock geology (“Qls” on Figure 4.2-6), as the "landslide deposits"
mapped with the surficial deposits (Figure 4.2-5), and as "landslides" mapped based on surface
morphology, independent of geologic materials (WRDS, 2004). The three approaches produce very
similar, although not identical results. In any case, landslides are relatively rare in this watershed.

Landslides occur where geology, slope, and moisture (pore pressure) combine to create unstable
conditions. The interlayering of shales, mudstones, and sandstones in the Laney, Tipton Shale, and Wilkins
Peak Members of the Green River Formation (“Tgl” and “Tgwt” on Figure 4.2-6), and the main body and
Cathedral Bluffs Member of the Wasatch Formation (“Twm” and “Twc”), are conducive to landslides as
groundwater accumulates in weak, low-permeability shales and mudstones beneath ridge-capping
sandstones. Where stream erosion has created steep slopes, conditions further support landslide
formation.
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As shown on Figure 4.2-9, most of the landslides in the Bitter Creek watershed reflect these factors. The
arcuate group of landslides on the southeast edge of the watershed clearly follows the Tgl/Tgw geologic
contact. Those in the southern portion of the watershed are commonly associated with the Tgwt
outcrops, with the dendritic pattern of small landslides to the west following steep-sided drainages. The
group of landslides near the middle of the basin correspond to the erosion of softer units undercutting
the Bishop Conglomerate (“Thi”).

Future landslides are most likely to occur in association with areas of historical slope failure or where
water infiltration is locally increased through development activity (e.g. canal construction, irrigation).
Thus, while this potential hazard is not confined to the areas mapped, those areas and the associated
formations merit heightened concern with respect to landslide potential.

The National Earthquake Information Center database (NEIC, 2018) lists three seismic events of greater
than or equal to 3.0 magnitude, at the locations shown on Figure 4.2-9. A magnitude 3.0 earthquake is
just into the range that can be felt; lower magnitudes are only discernable through seismograph
monitoring. The two events to the northeast are both reported as “explosions”, presumably associated
with overburden blasting at the Black Butte Coal Mine. The western event was an actual earthquake, of
magnitude 3.0 (i.e. slightly less energy than the explosions), that occurred 7/8/2014.

4.2.4 Groundwater

The following sections provide an outline of groundwater relationships, the relative productivity of
aquifers, the occurrence of springs and wells, and recommendations for site-specific evaluation of
groundwater development opportunities in the Bitter Creek Watershed. For copious data, illustrations,
and analysis of the entire Green River Basin, the reader is directed to the “Available Groundwater

Determination - WWDC Green River Basin Water Plan II” (Clarey et al., 2010). For information specific to
Sweetwater County, see Mason and Miller (2005). Groundwater information specific to the Bitter Creek

Watershed are sparse, however, due to the low level of groundwater development.

4.2.4.1 Recharge and Discharge

Groundwater resources are one component of the overall hydrologic cycle. Groundwater originates when
rainfall, snowmelt, streamflow, and, in some areas, irrigation water, infiltrate into geologic materials. This
constitutes groundwater "recharge". Recharge rates are a complex function of elevation;
rainfall/snowmelt distribution, intensity, duration, and seasonality; vegetation; soil moisture condition,
and the infiltration characteristics of the soil and underlying bedrock.

Mason and Miller (2005) cite recharge studies that estimate the entire Bitter Creek watershed receives
less than 0.5 inches of annual groundwater recharge. Component analysis by Hamerlinck and Arneson
(1998) as part of a state-wide groundwater vulnerability study provides a similar value for most of the
watershed but suggest local areas of higher recharge rates (Figure 4.2-10). The areas of highest estimated
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recharge estimated by their method are understandably those of highest precipitation, which corresponds
with the areas of highest elevation - 8,400 feet for Aspen Mountain south of Rock Springs, 9,000 feet for
the Red Creek / Green River divide (west) and 9,500 feet for the Middle Mountain area (east) along the
south boundary of the watershed.

Over days, years, centuries, or even millennia, where groundwater circulation is long and deep, this
recharge travels through the ground and returns to the surface as discharge. Between the points of
recharge and discharge, groundwater flow may be straightforward or quite complex. Because
groundwater is continually returning to the surface as springs (discussed below) and, more importantly,
as diffuse gains to most of Wyoming's perennial streams, streamflow volumes include large quantities of
groundwater. In the absence of storm runoff or snowmelt, most of the flow in Wyoming's streams comes
from groundwater discharge at some point upstream.

Like surface water, groundwater flows “downhill”, from areas of high head to areas of lower head. On
the local scale, that creates springs and sustains the few perennial stream reaches in the Bitter Creek
Watershed as local groundwater recharge to shallow aquifers drains into low spots. On the scale of the
watershed and the deeper aquifers, groundwater flow is generally from beneath higher elevations to
beneath lower elevations, with Bitter Creek and the Green River serving as the “base” elevations towards
which both the surface water and groundwater flow.

Figure 4.2-11 includes perennial streams in the Bitter Creek watershed as mapped by the U.S. Geological
Survey at a scale of 1:100,000. This mapping represents stream reaches where there is sufficient
groundwater input - from zones both shallow and deep - to overcome evaporation, vegetation uptake,
and infiltration. Where the latter factors dominate, streams cease to flow continuously and become
primarily channels for storm water discharge. As can be seen on Figure 4.2-11, the balance between loss
and gain can be tenuous across much of this watershed. Streamflow is discussed further in Sec. 4.2.5.

4.2.4.2 Springs

Groundwater is naturally discharged to the surface by springs and seeps, by evapotranspiration, and by
discharge to streams and other aquifers. Springs and seeps occur when the water table intersects the
land surface.

This commonly is the result of changes in lithology, faults and fractures, and/or surface topography. For
example, where a sufficiently permeable geologic unit (e.g. a poorly-cemented sandstone or
conglomerate) crops out in a swale or on a hillside at an elevation below the prevailing groundwater table
in the bedrock unit at that location, a spring may develop. Similarly, a permeable geologic structure (e.g.
an open joint, fracture or fault zone) may intersect the ground surface and serve as a conduit for the
discharge of groundwater from deeper aquifers.
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Spring flows vary widely due to the nature of the aquifer/structure discharging, the amount of seasonal
recharge from snowmelt and rainfall, depletion of storage during periods of drought, and seasonally
variable evaporation and evapotranspiration near the site of the spring. The flows can be concentrated or
diffuse, again depending on the nature of the geologic conditions causing the spring.

Figure 4.2-11 presents mapped springs for the Bitter Creek watershed. Those marked as “USGS” were
digitized by University of Wyoming personnel from standard USGS 1:24,000-scale topographic mapping,
i.e. the word “spring” and/or a spring symbol on the printed topo map. These do not reflect all existing
springs, as the USGS mappers typically worked from aerial photos and all springs do not express
themselves conspicuously. However, the locations of these springs are likely quite accurate due to the
manner in which they were compiled.

Those springs on Figure 4.2-11 marked as “SEO” were extracted from the GIS database of water rights
maintained by the Wyoming State Engineer’s Office. A groundwater permit was identified as being a
spring based on minimal reported “depth”, the word “spring” (or “spg”, “spng”, etc.) in the facility name,
and a small reported “depth to water”. A surface water permit was identified as being a spring by the
word “spring” (or some variation) in the facility name, and “spring” being listed as the “facility type” or in

the “stream source”

The locations of the “SEQ” springs are a mix of precise locations based on reported GPS coordinates, and
approximate locations based on the center of the permit-reported 1/4 1/4 Section. In the latter case, the
actual location could be as much as 900 feet from the posted location (none of these locations have been
field verified for this report). In many cases, the flow of a natural seep or spring with a state water right
will have been enhanced through excavation or shallow well construction

The existence of a water right demonstrates a specific interest in putting a spring to a recognized
“beneficial use”. Undeveloped natural springs without attached water rights will not be identified through
this process, but a substantial spring is likely to have attracted development interest. Large springs are
necessarily associated with productive aquifers (discussed below), but small springs and seeps occur as a
result of sometimes quite local conditions of recharge, topography, and aquifer permeability, in many
geologic settings.

The most common springs in the Bitter Creek Watershed are where a sandstone unit overlies a
shale/mudstone unit. Precipitation and snowmelt infiltrate into the permeable sandstone. That water
migrates downward, creating a local aquifer, until a relatively impermeable mudstone layer is
encountered. Groundwater then moves laterally on top of that mudstone unit until it emerges at the
ground surface where the contact between the sandstone and the mudstone intersects a hillslope. The
line of springs on the east side of Figure 4.2-11, for example, follow the contact between the Sand Butte
Bed and the underlying LaClede Bed of the Laney Member of the Green River Formation.

Because many of the mapped geologic units of the Bitter Creek Watershed include beds of widely varying
permeability (see Appendix 4A for descriptions) and because these units interfinger in complex ways,
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watershed-level generalizations are difficult. The conditions for creating these “contact” springs are
widespread across the watershed.

The relationship between springs and perennial streamflow provides an indication of the size of the
springs. The cluster of springs at the head of Antelope Creek (in the eastern portion of the watershed)
demonstrate enough flow to support this small creek. This is confirmed by the presence there of the
largest spring water right in the watershed (0.29 cfs).

As can be seen by the distribution of springs across the watershed, a major control on the density of
springs is simply the availability of precipitation to provide groundwater recharge. Springs are relatively
common in the higher elevation, southern portion of the watershed, as are perennial streams. Elsewhere,
isolated springs commonly amount to no more than the tiny discharge necessary to support a small patch
of vegetation and provide a little drinking water for stock and wildlife.

Where groundwater discharges to the surface at discrete, observable points, a spring or seep is identified.
However, groundwater also discharges directly to stream channels, creating the “base flow” that sustains
streams in the absence of contemporaneous precipitation or snowmelt. Figure 4.2-11 includes streams
with year-round flow (i.e. “perennial”) as determined by standard USGS mapping. As with the specific
springs, perennial base flow is concentrated in the southwest portion of the watershed where
precipitation is highest.

4.2.4.3 Aquifers

In many areas of Wyoming, the alluvial deposits associated with stream valleys are productive sources of
good-quality groundwater. In the Bitter Creek watershed, however, the limited alluvial deposits are likely
shallow and fine—grained given the nature of the source areas and the low-flow of the streams. Across
most of the area of mapped Quaternary-aged deposits (map symbols beginning with “Q”), groundwater
development potential is a function not of those deposits, but of the underlying bedrock material
discussed below.

Groundwater exists in bedrock aquifers under unconfined, water table conditions (at atmospheric
pressure) or under confined conditions where the aquifer is present at depth and pressures are sufficient
to push water higher than the top of the formation, in some cases clear to the ground surface to create a
flowing well.

Classification of a body of geologic material as an "aquifer" depends on how much water is needed for a
specific user or purpose. A hydrogeologic unit capable of adequately supplying the modest water needs
of a single rural residence may be entirely inadequate to meet the needs of an agricultural operation.
Similarly, a groundwater quality suitable for livestock watering may be unacceptable for human
consumption.
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The 2007 Wyoming Framework Water Plan (WWC, 2007) offered general classifications of the strata of
Wyoming as between “major”, “minor” aquifers and aquicludes (formations that largely inhibit rather
than provide groundwater flow). As discussed above in relation to the basic geology, however, the aquifer
status in the Bitter Creek watershed is quite complicated and, as a result, highly localized. In Appendix
4A, rather than entire formations receiving a lithologic description, many are broken down into individual
members, and even individual beds or “tongues” within members to facilitate meaningful descriptions of
lithologic and hydrogeologic characteristics. Figure 4.2-7 provides a schematic of this complexity. Even
at these finer divisions, however, there are still individual units for which the lithology includes
“mudstone, and interbedded gray, fine- to coarse-grained, arkosic sandstone” (Twcu), “interbedded gray,
fine-grained sandstone; brown oil shale; green mudstone; gray-green shale; and gray ostracodal, oolitic,

and algal limestone” (Tglb); etc.

To assist in the assessment of groundwater development opportunities, Figure 4.2-12 provides a more
detailed aquifer taxonomy than was appropriate for the statewide plan, in which each unit has been
classified by its primary lithology:

1 - potentially significant aquifer: strata dominated by sandstone and/or conglomerate.

2 - minor aquifer: strata of mixed sandstone and siltstone/mudstone/shale

3 - marginal aquifer: strata dominated by siltstone/mudstone/shale or thin and poorly saturated
4 - major aquitard: regionally extensive shale strata.

The strata with the highest aquifer potential in the Bitter Creek Watershed are not stand-out aquifers on
a statewide basis, but under favorable circumstances can provide up to several 100 gpm of good-quality
groundwater. “Favorable circumstances” includes sufficient thickness or depth to be saturated (rather
than drained), close enough to outcrop and with sufficient groundwater circulation to be of suitable
quality, and ideally, with fractures to enhance permeability. The most consistently productive aquifer of
suitable quality in the watershed is the Ericson Sandstone, which provides 300 gpm wells for the Town of
Superior. The Superior wells present an exception to the “close to outcrop” desirability. Due to the
mobility and deposition of radioactive minerals in the shallower zones, wells have been deliberately sited
at deeper locations to avoid unacceptable levels of radioactivity. Other sandstone-dominated units in the
Mesa Verde Group (see Figure 4.2-6) are also locally productive.

The two formations in the “major aquitard” group are the Lewis and Baxter Shales, which extend well
beyond the Bitter Creek Watershed. As noted above, the Baxter Shale provides an effective base to the
potentially useful aquifer system in this watershed.

4.2.4.4 Groundwater Quality
In general, the quality of groundwater in the Bitter Creek watershed is fair to poor. The nature of the

geologic materials and the low recharge rates serve to produce higher salinities than are ideal for many
uses. As stated by Mason and Miller (2005), “Shallow ground water is available throughout [Sweetwater]
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county, although much of it is only marginally suitable or is unsuitable for domestic and irrigation uses
mainly because of high total dissolved solids (TDS) concentrations. Suitable ground water for livestock use
can be found in most areas of the county.” and, “Ground-water quality in Sweetwater County is highly
variable, even within a single hydrogeologic unit. Water quality in any given hydrogeologic unit tends to
be better near outcrop areas where recharge occurs and deteriorates as the distance from these areas
increases. The water quality of a given hydrogeologic unit also usually deteriorates with depth.”

In general, groundwater quality tends to be better in the more productive aquifers because of the more
active groundwater circulation and fewer soluble minerals.

Figure 4.2-13 presents Bitter Creek watershed groundwater-quality information compiled by Mason and
Miller (2005), including the formation estimated to have produced the sample analyzed, the Total
Dissolved Solids (TDS) concentration of the sample, and whether the sampling point is a well or a spring.
As can be seen, water quality varies widely, even from the same formation. See Mason and Miller (2005)
for the complete listing of groundwater quality parameters for these sampling points.

The EPA Secondary Drinking Water Standards are based on aesthetic factors - taste, color, odor - rather
than human health). Many of the groundwater samples listed on Figure 4.2-13 exceed the TDS
concentration threshold of 500 mg/I.

The use of groundwater for irrigation in Bitter Creek is often hindered by high sodium levels. The
relationship between sodium and other dissolved minerals defines the sodium-adsorption ratio (SAR), a
measure of the deleterious impact on soils of certain waters. More than half the groundwater analyses
from the Wasatch Formation, for example, exceeded SAR values considered suitable for irrigation.

A special class of wells are presented on Figure 4.2-14, i.e. those permitted for coalbed methane (CBM)
development.  Primarily associated with the Fort Union Formation (Figure 4.2-6), these wells are
deliberately designed to draw down water levels in methane producing coal seams. Thus, they provide a
demonstration of a potentially important water-quality parameter - flammable natural gas - in certain
aquifers of the Bitter Creek watershed. Coal-bearing strata are also common in the Mesa Verde Group.

4.2.4.5 Groundwater Use

Groundwater diversions differ from surface water diversions in timing, location, rate, volume, and quality.
All diversions or extractions of water in Wyoming, both surface and groundwater, require permitting
through the Wyoming State Engineer's Office (SEQ). Thus, the history and distribution of groundwater
permits provide an empirical picture of the groundwater resource to the extent this resource has been
developed for human use.

A complete listing of SEO groundwater permits for the watershed are provided in Appendix 4B. Monitor
wells and cancelled permits are not included. Additional details for these permits (total depth, water
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level, lithology, use, etc.) may be available on the individual Statement of Completion, available
electronically at: http://seoweb.wyo.gov/e-Permit/common/login.aspx?ReturnUrl=%2fe-Permit%2f

Figure 4.2-15 presents 101 SEO groundwater permits for the Bitter Creek watershed for which the permit-
listed yield is greater than or equal to 100 gpm, sorted by depth range. Permit yields are the maximum
discharge rate allowed and may or may not represent the actual yield available. Permit yields are rarely
pumped on a sustained basis, and particularly for low-yield wells, may significantly overstate the
groundwater actually available.

The highest-yield groundwater permit in the Bitter Creek watershed is a 2800 gpm permit for the
dewatering of the mine pits at Bridger Coal. Thus, this is not a “well”, but represents the accumulation of
groundwater from a large area of mine excavations. Mine dewatering is also the purpose of the next five
largest groundwater permits by listed yield. These permits demonstrate the general presence of
groundwater in the Fort Union Formation, but poorly reflect the production rates available from a single-
point well.

The highest-yield actual well is permitted for 650 gpm. Itis a 1,451 ft. well at the Bridger Coal Mine that
flows 5 gpm at the surface, completed in the Ericson Formation. The Ericson is also the source for the 150
and 300 gpm municipal wells for the town of South Superior, identifying the Ericson as a major aquifer in
this watershed. Note that due to the eastward dip of the formations in this northeast portion of the
watershed, the Ericson (“Ke”) is found at the surface as indicated on Figure 4.2-6 and at increasing depth
below the overlying formations as one moves to the northeast. As with any formation on the figure, the
mapped outcrop is where the formation is present at the ground surface, but the formation is accessible
by deeper drilling anywhere radially outward from the outcrop area (see Figure 4.2-8).

With the exception of the five Superior municipal wells, and a couple of 900-ft. wells for the community
of Reliance, nearly all the wells in this group (greater than 100 gpm) are for industry-related purposes like
pit dewatering. Thus, they reflect the occurrence of groundwater in association with coal seams or other
mineral resources rather than opportunities for groundwater development for its own sake (e.g. note the
association with the outcrop of the Fort Union Formation, Figure 4.2-6). Similar yields may be available
at other locations in the watershed, although the range of well depths required to obtain these yields
demonstrate that the required level of effort (expense) may be substantial.

Figure 4.2-16 presents the locations of the 747 groundwater permits with permit yields between 1 and
100 gpm to provide a broader picture of the availability of small quantities of groundwater in the
watershed. Exclusion of lower-yield permits serves to filter out wells drilled for purposes other than
groundwater development, e.g. contaminant monitoring. Forty percent of these 747 permits carry a
nominal yield of 20 or 25 gpm, not because that was the realized groundwater production, but simply
because that was the default appropriation for the requested type of use.
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Groundwater permits for these low-yield applications are sparse outside the outcrop areas of the
“potentially significant” and “minor” aquifers which indicates the paucity of groundwater development
opportunity in the “marginal aquifer” and “aquitard” classes. However, the listing of only 25 groundwater
permits in the watershed solely for stock watering purposes suggests the availability of small quantities
of less-than-ideal quality groundwater has not been thoroughly explored.

Based on the basic geohydrology and the historical experience with actual groundwater development in
the Bitter Creek watershed, small quantities of groundwater are likely available with sufficient well depth
at most locations within or adjacent to the areas mapped as “potentially significant” or “minor” aquifers
on Figure 4.2-12. Local conditions and careful site selection are likely to be critical, however, as one seeks
a sufficient thickness of permeable sandstone strata, with recharge potential, and with minimum
compromise of groundwater quality by adjacent high-salinity units.

The US Geological Survey has published 1:24,000-scale geologic mapping for select quadrangles in the
study area. There are currently 18 such maps in the Bitter Creek watershed, primarily located south of I-
80. These maps do not address groundwater conditions but provide additional local detail on the
distribution and character of the geologic strata present. The available US Geological Survey Geologic
Quadrangle mapping for the watershed is presented on Figure 4.2-17. Many of these individual maps are
available for download from the USGS website at:

https://ngmdb.usgs.gov/ngm-bin/ngm search dbi.pl?bc ul=41.795401%2C-
109.882043&bc [r=40.850721%2C-107.643579

4.2.5 Surface Water
4.2.5.1 Hydrography

Streams are classified based upon the existence of streamflow and their runoff patterns. Very briefly,
there are three flow regimes considered:

e Perennial streams are those that contain water year-round in normal years.
e Intermittent streams contain waters only a portion of the year, typically during winter and spring.
e Ephemeral streams carry water in direct response to precipitation events.

The majority of the Bitter Creek watershed would be considered ephemeral in nature. There are perennial
and intermittent reaches within it, however, for the most part, runoff occurs primarily in association with
response to precipitation events. The USGS has classified the streams in the study area and indicates their
assessment on their published topographic maps. Figure 4.2-11 displays perennial streams in the
watershed, and all other streams are assumed to be intermittent or ephemeral. As is clearly indicated in
this figure, there are few perennial stream segments. Those that are classified as perennial are typically
spring fed or a located in areas where the channel intersects ground water tables.
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The following paragraph was extracted from the Water Resources of Sweetwater County (Mason and
Miller, 2004) and provides an excellent concise description of the typical flow patterns in the study area:

“Flow characteristics of streams in Sweetwater County are varied, influenced by the diverse
physiography and climate of southwestern Wyoming, as well as anthropogenic factors. Moderate
to large flows in major perennial streams are a result of runoff from snowmelt in mountainous
areas mostly outside of and to the north, south, and west of the county. Reservoirs and diversions
substantially alter flow characteristics of most of the major perennial streams. Because
precipitation in the region is small, streams in much of the county are intermittent or ephemeral
with most flows resulting from local and regional snowmelt and rainfall runoff. Flows in
intermittent streams vary depending on reach characteristics. Snowmelt runoff, ground-water
inflows, and (or) springs maintain streamflows throughout most years in some perennial reaches,
while ephemeral reaches exist where streamflows are less than the losses to seepage, evaporation,
and (or) diversions. Low flows, where present, in most streams are the result of ground-water
discharges, irrigation return flows, and reservoir releases.”

Typical of many intermittent and ephemeral drainages, when runoff occurs it can be extremely ‘flashy’ or
rising and falling very quickly. Consequently, due to the potential magnitude of these events, flooding can
be an issue. In the City of Rock Springs and its surrounding area, flooding has long been an issue. Figure
4.2-18 displays the Federal Emergency Management Agency’s (FEMA) mapping of Rock Springs clearly
indicating when streamflow exceeds the channel conveyance capacity, out-of-bank flooding can cause
extensive areas to be inundated. Flooding occurs primarily along Bitter Creek and Killpecker Creek,
however, other tributaries also see out-of-bank flood conditions.

Several investigations documenting flood conditions and potential solutions have been completed,
including those conducted by the US Army Corps of Engineers and several others funded by the WWDC.
The following synopsis of the flood control study and planning process was extracted from the City of Rock
Springs Document: Bitter Creek Reconstruction Plan & Design Report, 2007:

“A flood control study of Bitter Creek tributaries in Rock Springs was completed in 1989 (“Level Il -
Feasibility Study Phase IA Report - Rock Springs, Wyoming Flood Control Project Bitter Creek
Tributaries” by Johnson-Fermelia Co. Inc. in association with Western Water Consultants, Inc. and
Western Research Corporation, February 1989). The 1989 Flood Control Study investigated several
different alternatives for flood control on Dead Horse Canyon Creek and Killpecker Creek.

The study concluded that “an economically feasible flood control project could be constructed to
control floodwater in excess of the safe carrying capacity of the existing stream channels.” A
summary of the preferred alternative for Dead Horse Canyon Creek and Killpecker Creek is
provided below.
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Dead Horse Canyon Creek: The preferred alternative selected in the 1989 Flood Control Study
included construction of two detention ponds (a 64 acre-foot pond and a 39 acre-foot pond)
upstream of Highway 430 (see Figure 3, copy of Figure No. 32 from the 1989 Flood Control Study).
The ponds are to be sized such that the sum of the pond outflow peaks and the local runoff peak
from those areas below the ponds, will not exceed 1,100 cfs.

Killpecker Creek: The 1989 Flood Control Study found that Killpecker Creek channel capacity is
about 1,000 cfs below I-80 and about 3,500 cfs above I-80 (compared to a 100-year flood flow of
6,300 cfs). The preferred alternative includes construction of two detention ponds (a 3,000 acre-
foot pond and a 650 acre-foot pond) and construction of channel improvements. The larger
detention pond (3,000 acre-feet) would be constructed above Yellowstone Road and the smaller
detention pond (650 acre-feet) would be constructed above I-80. The channel improvements
include improving channel capacity on Killpecker Creek below I-80 to increase the safe carrying
capacity to 2,000 cfs.”

To date, several improvements have been completed essentially removing properties from the 100-year
floodplain. According to the City’s website at www.rswy.net :

e |n 2011, construction was completed on two detention basins located along tributaries south of
the City.

e By 2012, construction and levee improvements were completed along the Dead Horse Canyon
Creek area, from the area near Connecticut Avenue to Pearl Park and the confluence with Bitter
Creek.

Wyoming Department of Environmental Quality (WDEQ), Abandoned Mine Lands Program (AML) funding
was awarded for construction of these projects.

The City of Rock Springs has committed to continuing channel improvements in an effort to reduce flood
damages and enhance channel conditions. According to the City website, Bitter Creek improvement reach
has been divided into four segments:

Segment 1 stretches from near the City's Dog Park to the South Side Belt Route bridge. This segment is
now at 100% design completed and construction ready. Approximate cost to complete work on this
segment is $3.8 million. Recreational benefits would include a new pedestrian trail connecting from Dewar
Drive to the Dog Park, as well as a trailhead and parking area. The City has already acquired the trailhead
area property.

Segment 2 stretches from the South Side Belt Route bridge to the Dewar Drive bridge. This segment is
now at 25% design. Approximate cost to complete work on this segment is $10.6 million, removing
approximately 62 properties from the floodplain. Recreational benefits would include a new pedestrian
trail connecting Dewar Drive to the future Rahonce Park and the Dewar Drive greenbelt; another possible
pedestrian connection could be made to Steven's Park.
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Segment 3 stretches from the Dewar Drive bridge to N Street. This segment is now at 25% design.
Approximate cost to complete work on this segment is $11.8 million, removing approximately 14
properties from the floodplain. Recreational benefits would include an improved pedestrian trail and
landscaping along the North Side Belt Route, and a replacement pedestrian bridge connecting the North
Side Belt Route to Soulsby Avenue.

Segment 4 stretches from N Street to the South Side Belt Route on the east side of town. This segment is
now at 25% design. Approximate cost to complete work on this segment is $8.0 million, removing
approximately 582 properties from the floodplain. Recreational benefits would include trail connections
to O'Farrell Park and possible connection and expansion of Pearl Park.

4.2.5.2 Water Quality

Available descriptions of Bitter Creek water quality date to pre-settlement period when surveyors
explored the area in search of routes for railroad construction. The following references to Bitter Creek
were extracted from Historical Water Quality Report for the Bitter Creek Watershed prepared by Lost
Iguana Consulting on behalf of the SWCCD.

From the journal of Major J. Lynde in 1850:

“took breakfast at the mouth of Bitter Creek... grass very scarce, it has a bitter brackish taste,
wood is very scarce, nothing but greasewood and small sage”

“the water is not fit for man to use, being at least 1/8 salt.”

From the journals of A. Howard Cutting in 1863:
[At Black Butte Station] “but the water in Bitter Creek, all we had yesterday and all we are likely to
have today, is as strongly impregnated with alkali we can hardly drink it without adding Sartaric

Acid or Vinegar in it. Tim Connell’s horse sick from alkali water.”

[At Salt Wells] “Bitter Creek which runs directly past the well is almost unfit for any purpose. Seems
to grow worse the further we travel on it.”

“Bitter Creek is too miserable a stream to have a name. The water grows worse, so bad now, that
even whiskey won’t help it.... It gives us a kind of pain in the stomach which is hard to bear.”

Stream Classifications
The Water Quality Division of the Wyoming Department of Environmental Quality (WDEQ) has classified

water bodies in the state into two parts: primary bodies and secondary bodies. The primary bodies are
listed in what is referred to as "Table A" and represent those water bodies either named on the USGS
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1:500,000 scale hydrologic map or those specifically classified by the WDEQ. The secondary bodies listed
in “Table B” are taken from the WGFD’s “Streams and Lakes Inventory” and are based on the presence or
absence of fish species. Where there are differences in classification, "Table A" takes precedence. The
water bodies are then classified based upon their use.

The Bitter Creek/East Flaming Gorge Watershed study area has 670 miles of streams and O
reservoirs/lakes classified in the WDEQ's "Table A" and “Table B” as displayed in Figure 4.2-19. Table
4.2-3 presents the streams within the Bitter/Creek Flaming Gorge Watershed, extracted from the WDEQ's
“Table A”. Figure 4.2-20 summarizes the various stream classes and their associated use designations.
Appendix 4C contains the WDEQ's narrative descriptions of the classifications.

WYPDES Permitted Discharges

A database of permitted discharges under the National Pollution Discharge Elimination System (NPDES)
was obtained from the Wyoming Department of Environmental Quality. As of the time this report was
prepared, there were a total of 121 active (WYPDES) permitted discharges present within the study area.
Table 4.2-4 summarizes pertinent information regarding the permits. The locations of these discharges
are shown on Figure 4.2-19.

Waters Requiring TMDLs

A Total Maximum Daily Load (TMDL) is the amount of pollutant which a stream can accept and still meet
its designated uses. TMDLs must be established for each pollutant which is a source of stream impairment.
They must be measurable and must consider both point and nonpoint source pollutant loads, natural
background conditions, and a margin of safety.

The term "303(d) list" is short for the list of impaired and threatened waters (stream/river segments,
lakes) that the Clean Water Act requires all states to submit for Environmental Protection Agency (EPA)
approval every two years on even-numbered years. Bitter and Killpecker Creeks are listed as impaired on
the Wyoming Department of Environmental Quality (WDEQ) 303d List of Impaired Waters (WDEQ, 2018):

e Bitter Creek is listed as impaired for E. coli and chloride from the Green River to Point of Rocks,
WY.
o Killpecker Creek is listed as impaired for E. coli from Bitter Creek to Reliance, WY.

In response to the listing, the SWCCD contracted EDE Consultants, of Sheridan, WY, to conduct a lengthy
monitoring program with cooperation of the Wyoming Department of Environmental Quality. Their effort
included water quality monitoring from 2004 through 2017 to verify and monitor the status of the
impairment listings. Oversight of the project was provided by the Bitter and Killpecker Creek Watershed
Advisory Group, or BKWAG. The BKWAG consists of individuals from both governmental and private
interests within the watershed.
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Table 4.2-3 Tabulation of Stream Classification in Bitter Creek / East Flaming Gorge Study Area.

Waters are listed within each drainage as they proceed upstream. An indented entry is tributary to the previous entry. All Class 2AB and 2B
waters are designated as cold water game fisheries unless identified with a "ww" notation. All Class 2C waters are designated as warmwater
fisheries. Waters designated for secondary contact recreation are identified by an “(s)”. Classifications changed through the UAA process are
identified by “(UAA)”. UAAs that have been approved by the administrator, but not acted on by EPA are identified by an asterisk (*).

GREEN R (REMAINDER) 2AB
RED CR 2AB
SPRING CR 2AB
FLAMING GORGE RES 2AB
SUGARLOAF MARSH 3B
WASHAM WASH 3B
BRINEGAR RES 2AB
CURRANT CR 2AB
SAGE CR (LOWER 3 MILES) 2AB
SAGE CR (REMAINDER) 2C
FIREHOLE CANYON CR 3B
BITTER CR 2C
LITTLE BITTER CR 2C
WORM CR 3B
SWEETWATER CR 3B
KILLPECKER CR 3B
LONG CANYON CR 3B
CEDAR CANYON CR 3B
PINE CANYON CR 3B
NITCH CR 3B
SALT WELLS CR 3B
PRETTY WATER CR 3B
JOYCE CR 3B
DANS CR 3B
E SALT WELLS CR 3B
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Table 4.2-3 Tabulation of Stream Classification in Bitter Creek / East Flaming Gorge Study Area (continued).

ALKALI WASH 3B
BROOKS DRAW 3B
BLACK BUTTE CR 3B
HORSETHIEF CANYON CR 3B
DEADMAN WASH (AB BRIDGER PLANT) 3B
DEADMAN WASH (BL BRIDGER PLANT) 2ABWW
NINE MILE WASH 3B
NINE AND MILE WASH 3B
TEN MILE WASH 3B
PATRICK DRAW 3B
N FK BITTER CR 3B
ALKALINE CR 3B
S FK BITTER CR 3B
SAND CR 3B
PINE CR WASH 3B
TEN MILE WASH 3B
PATRICK DRAW 3B




Surface Water Classifi
1 2AB 2A 2B 2C 2D 3A 3B 3C 3D 4A 4B 4ac
Drinkit
- Yes Yes Yes No No No No No No No No No No
Water
SR Yes Yes No Yes No If Present No No No No No No No
game fish
Warm Wate|
am r Yes Yes No Yes No If Present No No No No No No No
game fish
Nongame Fish Yes Yes No Yes Yes If Present No No No No No No No
Fish
a . Yes Yes No Yes Yes Yes No No No No No No No
S | Consumption
3 Acatic b Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No No No
£, | other than fish
@
-1 Recreation Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Wildlife Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
riculture es es es es es es es es es es es es es
icultu Y Yi Y Y Y Y Y Y Y Y Y Y Y
Industry Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Scenic Value Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Class 3B
| * Killpecker Creek
Class 2AB * Salt Wells Creek
* LowerSage Creek Class 2¢ ¢ Black Butte Creek
* CurrantCreek * BioerCreck ¢ Horsethief Canyon
«  Green River « Little Bitter Creek «  Patrick Draw
* Deadman Wash* (Below *  Upper Sage Creek «  Sweetwater Creek
Bridger Plant) «  Nitch Creek

* Joyce Creek

* Sugarloaf Marsh Creek
¢ Worm Creek

¢ Pretty Water Creek

¢ DansCreek

¢ Long Canyon Creek

*  Brooks Draw

*Class 2ABWW - warm water fishery

¢ Alkali Wash
¢ Deadman Wash (Above
Bridger Plant)

¢ Washam Wash

* Firehole Canyon

* Pine Canyon Creek
* Cedar Canyon Creek
¢ Ninemile Wash

¢ Tenmile Draw

Figure 4.2-20 WYDEQ Surface Water Classification and Use Designations.
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Table 4.2-4 Summary of Active WYPDES Permitted Discharge Locations.

WY Permit Permit Permit
- Receiving Water Permittee PermitType Facility Name Explration Status
WY0020443  |Green River (2AB) Green River, City of Sanitary Wastewater Green River Wastewater Lagoon 6/30/2021 In Effect
WY0021806  |Unnamed ephemeral tributary to Horsethief Canyon Creek (both class 3B), Green River Basin Superior, Town of Sanitary Wastewater Superior Wastewater Lagoon 9/30/2021 In Effect
WY0021806  |Unnamed ephemeral tirbutary to Horsethief Canyon Creek (both class 3B), Green River Basin Superior, Town of Sanitary Wastewater Superior Wastewater Lagoon 9/30/2021 In Effect
WY0021806 |Potable drinking water intake for CRS Forum requirements. Superior, Town of Sanitary Wastewater Superior Wastewater Lagoon 9/30/2021 In Effect
WY0022128  |Killpecker Creek (3B), tributary to Bitter Creek (2C), eventually tributary to Green River (2AB) Regency of Wyoming, Inc. Sanitary Wastewater B & R Mobile Home Village 3/31/2022 In Effect
WY0022357 _|Bitter Creek (2C), Green River Basin Rock Springs, City of Sanitary Wastewater Rock Springs Water Reclamation Facility 3/31/2020 In Effect
WY0023825 _|Killpecker Creek (3B), tributary to Bitter Creek (Class 2C),Green River Basin Rocky Mountain Coal Company, LLC Coal Mine Stansbury Mine 6/30/2018 In Effect
WY0023825  |Killpecker Creek (3B), tributary to Bitter Creek (Class 2C), Green River Basin Rocky Mountain Coal Company, LLC Coal Mine Stansbury Mine 6/30/2018 In Effect
WY0028886 | Mac Creek (3B), Green River Basin Black Butte Coal Company Coal Mine Leucite Hills Mine 9/30/2022 In Effect
WY0028886  |B Draw (3B) Black Butte Coal Company Coal Mine Leucite Hills Mine 9/30/2022 In Effect
WY0028886  |Ninemile Wash via an unnamed drainage (all 3B) Black Butte Coal Company Coal Mine Leucite Hills Mine 9/30/2022 In Effect
WY0028886  |Humphrey Draw (3B) Black Butte Coal Company Coal Mine Leucite Hills Mine 9/30/2022 In Effect
WY0028886  |Humphrey Draw (3B) Black Butte Coal Company Coal Mine Leucite Hills Mine 9/30/2022 In Effect
WY0028886  |Humphrey Draw via an unnamed draw (3B) Black Butte Coal Company Coal Mine Leucite Hills Mine 9/30/2022 In Effect
WY0028886  |Humphrey Draw via an unnamed draw (3B) Black Butte Coal Company Coal Mine Leucite Hills Mine 9/30/2022 In Effect
WY0028886 |Coon Draw via an unnamed draw (all 3B) Black Butte Coal Company Coal Mine Leucite Hills Mine 9/30/2022 In Effect
WY0028886  |Deadman Wash via an unnamed drainage (3B) Black Butte Coal Company Coal Mine Leucite Hills Mine 9/30/2022 In Effect
WY0030261 |Bitter Creek (2C) via BB-203 Draw (3B), Green River Basin Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |Bitter Creek (2C) via BB-204 Draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |Bitter Creek (2C) via BB-100 Draw (3B) and Rock Creek (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |Bitter Creek (2C) via BB-201 Draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 _|Bitter Creek (2C) via an unnamed draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 _|Bitter Creek (2C) via an unnamed draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |Bitter Creek (2C) via BB-203 Draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 _|Bitter Creek (2C) via an unnamed draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 _|Bitter Creek (2C) via an unnamed draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |Bitter Creek (2C) via BB-203 Draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |Bitter Creek (2C) via John Boy Draw (3B) and BB-204 Draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |Bitter Creek (2C) via Mut Draw and John Boy Draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |Bitter Creek (2C) via IC-F8 Channel and pit 5 (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 _|Bitter Creek (2C) via ID-DS1 Channel and BB-204 Draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 _|Bitter Creek (2C) via Queen Draw and BB-204 Draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |Bitter Creek (2C) via John Boy Draw and BB-204 Draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |Bitter Creek (2C) via an unnamed draw and BB-204 Draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 _|Bitter Creek (2C) via an unnamed draw and BB-204 Draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |Bitter Creek (2C) via an unnamed draw and BB-203 Draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 _|Bitter Creek (2C) via BB-203 Draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |Bitter Creek (2C) via an unnamed draw and SP-H14 pond (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 _|Bitter Creek (2C) via an unnamed draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |Bitter Creek (2C) via Summer Draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 _|Bitter Creek (2C) via Melissa Draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |Bitter Creek (2C) via David Draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |Bitter Creek (2C) via an unnamed draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 _|Bitter Creek (2C) via an unnamed draw and SP-J1 pond (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |Bitter Creek (2C) via an unnamed draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 _|Bitter Creek (2C) via Lisa Draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 _|Bitter Creek (2C) via an unnamed draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 _|Bitter Creek (2C) via an unnamed draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 _|Bitter Creek (2C) via an unnamed draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 _|Bitter Creek (2C) via an unnamed draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |Bitter Creek (2C) via an unnamed draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |Bitter Creek (2C) via BB-202 Draw and pit 9 (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 _|Bitter Creek (2C) via an unnamed draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |Bitter Creek (2C) via an unnamed draw and pit 3 (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |Bitter Creek (2C) via an unnamed draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |Bitter Creek (2C) via an unnamed draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |Bitter Creek (2C) via an unnamed draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |Bitter Creek (2C) via B-2 Draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |Bitter Creek (2C) via B-4 Draw (3B) Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 _ |Rock Creek (3B), Green River Basin Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |unnamed drainage (3B), tributary to Bitter Creek Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
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Table 4.2-4 Summary of Active WYPDES Permitted Discharge Locations (continued).

WY Permit Permit Permit
- Receiving Water Permittee PermitType Facility Name Explration Status
WY0030261 |unnamed drainage (3B), tributary to Bitter Creek Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |unnamed drainage (3B), tributary to Bitter Creek Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |unnamed drainage (3B), tributary to Bitter Creek Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |unnamed drainage (3B), tributary to Black Butte Creek Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |unnamed drainage (3B), tributary to Black Butte Creek Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030261 |unnamed drainage (3B), tributary to Black Butte Creek Black Butte Coal Company Coal Mine Black Butte Mine 5/31/2021 In Effect
WY0030350 _|Deadman Wash (3B) Bridger Coal Company Coal Mine Jim Bridger Mine 4/30/2020 In Effect
WY0030350 |Deadman Wash (3B) via Nine Mile Wash (3B) via an unnamed drainage (3B) Bridger Coal Company Coal Mine Jim Bridger Mine 4/30/2020 | In Process
WY0030350 _|Deadman Wash (3B) Nine & One Half Mile Wash (3B), via an unnamed drainage (3B) Bridger Coal Company Coal Mine Jim Bridger Mine 4/30/2020 In Effect
WY0030350 |Deadman Wash (3B) Bridger Coal Company Coal Mine Jim Bridger Mine 4/30/2020 In Effect
WY0030350 |Deadman Wash (3B) Bridger Coal Company Coal Mine Jim Bridger Mine 4/30/2020 | In Process
WY0030350 |Deadman Wash (3B) via Nine Mile Wash (3B) via an unnamed drainage (3B) Bridger Coal Company Coal Mine Jim Bridger Mine 4/30/2020 | In Process
WY0030350 |Deadman Wash (3B) via Nine Mile Wash (3B) via North Jackalope draw (3B) Bridger Coal Company Coal Mine Jim Bridger Mine 4/30/2020 In Effect
WY0030350 |Deadman Wash (3B) via Nine Mile Wash (3B) via an unnamed drainage (3B) Bridger Coal Company Coal Mine Jim Bridger Mine 4/30/2020 In Effect
WY0030350 |Deadman Wash (3B) via Ten Mile Wash (3B) via an Kerry Draw(3B) Bridger Coal Company Coal Mine Jim Bridger Mine 4/30/2020 | In Process
WY0030350 |Deadman Wash (3B) via Ten Mile Wash (3B) via Kerry Draw(3B) Bridger Coal Company Coal Mine Jim Bridger Mine 4/30/2020 In Effect
WY0030350 |Deadman Wash (3B) via Ten Mile Wash (3B), Green River Basin Bridger Coal Company Coal Mine Jim Bridger Mine 4/30/2020 | In Process
WY0030350 [Deadman Wash (3B) via Ten Mile Wash (3B) Bridger Coal Company Coal Mine Jim Bridger Mine 4/30/2020 In Effect
WY0030350 |Deadman Wash (3B) via Ten Mile Wash (3B) via an unnamed drainage (3B) Bridger Coal Company Coal Mine Jim Bridger Mine 4/30/2020 | In Process
WY0030350 |Kerry Draw (3B), tributary to Ten Mile Draw (3B) Bridger Coal Company Coal Mine Jim Bridger Mine 4/30/2020 In Effect
WY0030350 |Ten Mile Draw (3B) via Deadman Wash (3B) Bridger Coal Company Coal Mine Jim Bridger Mine 4/30/2020 | In Process
WY0030350 |Nine and One-Half Mile Wash (3B) via unnamed drainage (3B) Bridger Coal Company Coal Mine Jim Bridger Mine 4/30/2020 | In Process
WY0030350 |Ten Mile Draw (3B) via unnamed drainage (3B) Bridger Coal Company Coal Mine Jim Bridger Mine 4/30/2020 | In Process
WY0094528 |Lionkol Draw, tributary to Killpecker Creek (both class 3B), tributary to Bitter Creek (class 2C) Bureau of Land Management CAFO BLM Rock Springs Wild Horse Facility 12/31/2018 [ In Effect
WY0094528 |Lionkol Draw, tributary to Killpecker Creek (both class 3B), tributary to Bitter Creek (class 2C) Bureau of Land Management CAFO BLM Rock Springs Wild Horse Facility 12/31/2018 [ In Effect
WYG740589 |Green River (2AB) COP Wyoming, LLC Temporary Rock Springs Water Transmission Line Replacement 2/4/2019 In Effect
'WYR000409 Maxam US LLC Industrial Stormwater MSI - Point Of Rocks Plant 8/31/2022 In Effect
WYR001063 _ |Killpecker Creek Tuboscope, A National Oilwell Varco LP Company Industrial Stormwater Tuboscope Rock Springs Facility 8/31/2017 In Effect
WYR001107 _ |Unnamed drainage to Killpecker Creek to Bitter Creek to the Green River Rock Springs, City of Industrial Stormwater City of Rock Springs Streets Department Garage 8/31/2022 In Effect
WYR001252  |Killpecker Creek G &J Hot Oiling Inc. Industrial Stormwater G &]J Hot Oiling Inc. 8/31/2017 In Effect
WYR001258 |Bitter Creek Homax Oil Sales, Inc. Industrial Stormwater Homax Oil Sales Inc.-Rock Springs Facility 2/28/2022 In Effect
WYR001285 _|Bitter Creek Homax Oil Sales, Inc. Industrial Stormwater Homax Oil Sales Inc.-Rock Springs Blairtown Flaming Gorge Facility 2/28/2022 In Effect
WYR001401 _ |Killpecker Creek Schlumberger Technology Corporation Industrial Stormwater Rock Springs Oilfield Services 8/31/2022 In Effect
WYR001404 _ |Bitter Creek National Oilwell Varco Industrial Stormwater Rock Springs WY T3 Facility 8/31/2017 In Effect
WYR001408 |Unnamed drainage to Green River. Coastal Chemical Company, LLC Industrial Stormwater Coastal Chemical Co. LLC-Rock Springs 8/31/2022 In Effect
WYR001432  [Killpecker Creek Progress Rail Services Industrial Stormwater Progress Rail Service Rock Springs Car Shop 8/31/2017 In Effect
WYR001465  |Bitter Creek Coil Tubing Schlumberger Industrial Stormwater Coil Tubing Services 8/31/2017 In Effect
WYR001476 _ |Killpecker Creek High Desert Construction Industrial Stormwater High Desert Construction 8/31/2022 In Effect
WYR001478  |Bitter Creek Swanson Industries, Inc. Industrial Stormwater Morgantown Machine & Hydraulics of WY, Inc. <Null> In Process
WYR104333  |Patrick Draw Colorado Interstate Gas Company Construction Stormwater Desert Springs Compressor Station Abandonment and Removal Project 2/1/2020 In Effect
WYR104957 _ |Bitter Creek M&R Development, LLC Construction Stormwater City's Edge Subdivision 4/21/2019 In Effect
WYR104967 _ |Unnamed drainage to Killpecker Creek. WDEQ - AML Division Construction Stormwater AML Project 17G, Rock Springs No. 9 Mine Fire 4/21/2019 In Effect
WYR104993 _ [Killpecker Creek via two unnamed ephemeral drainages WDEQ - AML Program Construction Stormwater AML Project 62-P3-LA Reliance Coal Slack Reclamation 4/21/2019 In Effect
WYR105427  |Summit Drive flood water control ditch MJR Rentals LLC Construction Stormwater Summit Drive 30 Acres 8/31/2019 In Effect
WYR105458 [Unnamed intermittent draws and perennial stream through Long Canyon Wexpro Company Construction Stormwater Baxter Oil and Gas Production and Gathering System 2/1/2020 In Effect
WYR105497 _|Bitter Creek via Rock Springs Municipal Storm Sewer Haden Construction, Inc. Construction Stormwater Gunsight Estates (Lots 16, 21, 23, 26, 27)) 12/11/2019 In Effect
WYR105512  |Bittercreek Wing Shui Lew Construction Stormwater Gunsight Estates Subdivision Lot 33 1/24/2020 In Effect
WYR105599  |Horse Thief Canyon WDEQ - AML Division Construction Stormwater AML Project 17.6B-H2C, Superior Drainage Reclamation Project 2/1/2020 In Effect
WYR105621 |[Little Bitter Creek, Sweetwater Creek Summit Line Construction Construction Stormwater Simplot Fertilizer Mfg. Plant 230kV Transmission Project 9/24/2018 In Effect
WYR105626 _|Bitter Creek via Rock Springs municipal storm sewer Haden Construction, Inc. Construction Stormwater Temple Peak Lots #10 & #12 2/1/2020 In Effect
WYR105632 _|Killpecker Creek Northpark, LLC Construction Stormwater Northpark Village, Phase 2 (2017-2020) 2/1/2020 In Effect
WYR105633 _ |Killpecker Creek L. M. Olson, Inc. Construction Stormwater Foothills Crossing Subdivision 11/1/2019 In Effect
WYR105640 |Bitter Creek Amundsen Construction Inc. Construction Stormwater Gunsight Estates Phase 2 2/1/2020 In Effect
WYR105654  |Killpecker Creek Mainline Construction Construction Stormwater Northpark Village, Phase 2 (2017-2020) 2/1/2020 In Effect
WYR105655  |Killpecker Creek Sweetwater County Landholdings LLC Construction Stormwater Northpark Village, Phase 2 (2017-2020) 2/1/2020 In Effect
WYR105719  |Bitter Creek W.W. Clyde & Co. Construction Stormwater Rock Springs Landfill, Phase 2 10/31/2018 In Effect
WYR105724  |Reagan Detention Pond Gunsight Properties, Inc. Construction Stormwater Gunsight Estates Phase |11 12/31/2018 | In Effect
WYR320482 |Potash Wash Searle Brothers Construction Company Industrial Stormwater Leucite Mine 3/31/2023 In Effect
WYR320620 _|Bitter Creek Sweetwater County Industrial Stormwater Lagoon Road Yard 3/31/2023 In Effect
WYR320750 _|Potash Wash Searle Brothers Construction Company Industrial Stormwater 9 Mile Yard, Edgar Bobo Yard 3/31/2023 In Effect




At this time, the BKWAG and EDE have completed a TMDL investigation for Bitter Creek and Killpecker
Creek and are in the process of determining the direction for future implementation strategies. The TMDL
document discusses potential sources for the E. Coli which are contributed via three pathways: surface
water runoff, direct deposition, or leaching into shallow groundwater and ultimately to Bitter Creek.
Potential sources identified include livestock, wildlife, pets, and human (TetraTech, 2017). Numerous
reports documenting the SWCCD’s TMDL monitoring efforts and water quality planning are available on
their website at: http://www.swccd.us/

4.2.6 Geomorphology
4.2.6.1 General

The field of fluvial geomorphology is the study of how land is formed under processes associated with
running water. The balance between processes such as erosion, deposition, and sediment transport
determine the character and condition of a stream. The objective of the geomorphic evaluation of the
study area is to determine the nature of this balance, and where the balance has been upset.

The condition of a stream can be assessed with respect to its basic form (width, depth, slope, etc.), as well
as its state of equilibrium, or geomorphic stability (Thorne, et al., 1996; Johnson, et al., 1999). Stable
channels are generally defined as those that have achieved a balance between flow energy and sediment
delivery, such that sediment is transported at the rate at which it is delivered, and the form and pattern
of the channel is maintained (Thorne, et al., 1996). In geomorphically stable conditions, minor changes in
either sediment supply or transport energy result in gradual adjustment of channel form to accommodate
those changes (Lane, 1955). Channels destabilize when changes in those factors are extreme enough that
rapid and dramatic alterations in pattern or form occur. Common indicators of channel instability include
active downcutting and accelerated bank erosion, major changes in channel width/depth ratios, and
increased flooding due to sediment deposition.

Dynamically stable channels are adjustable in nature, and “stability” does not preclude lateral migration
and associated dynamics such as bank erosion and sediment deposition. A stream in dynamic equilibrium
has adjusted its width, depth, and slope such that the channel is neither aggrading nor degrading.
However, change may be occurring in the stream bank, erosion may result, and bank stabilization may be
necessary even on the banks of a stream in dynamic equilibrium.

The equilibrium concept of streams discussed above can also be described by various qualitative

relationships. One of the most widely used relationships is the one proposed by Lane (1955) which states
that:

Qs *DsoxQuw-S
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Where Qw is the water discharge, S is the slope, Qs is the bed material load, and D50 is the median size
of the bed material. This relationship, commonly referred to as Lane's Balance, is illustrated in
Figure 4.2-21.

sediment size stream slope

coarse |

QS'DSO oL Qw's

Figure 4.2-21 Lane’s Balance.

This graphic indicates that a change in any of the four variables will cause a change in the others such that
equilibrium is restored. When a channel is in equilibrium, it will have adjusted these four variables such
that the sediment being transported into the reach is transported out, without significant deposition of
sediment in the bed (aggradation), or excessive bed scour (degradation). It should be noted that by this
definition of stability, a channel is free to migrate laterally by eroding one of its banks and accreting the
one opposite at a similar rate.

In summary, a stable river, from a geomorphic perspective, is one that has adjusted its width, depth, and
slope such that there is no significant aggradation or degradation of the stream bed or significant planform
changes (meandering to braided, etc.). By this definition, a stable river is not in a static condition but
rather is in a state of dynamic equilibrium where it is free to adjust laterally through bank erosion and bar
building (Watson, et al, 1999).

Geomorphic function is achieved when a channel is in equilibrium, while undergoing processes such as
lateral migration, sediment reworking, and occasional overbank flooding that effectively create and
sustain quality aquatic and terrestrial habitat elements, such as bars, pool/riffles, step/pools, and healthy,
regenerating riparian corridors. Impairments to geomorphic function reflect a significant loss of the
functional potential of the river channel segment. These impairments are typically described in general,
qualitative, terms and any rehabilitation of impaired channel segments requires a more thorough site-
specific assessment of impacts, impairments, and feasible remedies.

4.2.6.2 Rosgen Classification System

The literature presents descriptions of numerous systems for classifying and evaluating stream systems.
Of these, perhaps the most widely used today is the Rosgen classification system (Rosgen, 1996). This
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system, based upon the stream’s existing channel morphology, was utilized in this study. Parameters such
as the sinuosity, slope, width/depth ratio, and size of channel materials are evaluated and used to classify
the stream into one of the various "types" included in the system.

There are four levels of classification in the Rosgen system, each being more detailed than the previous
level. Figure 4.2-22 displays the hierarchy of the assessment levels and the general nature of effort
associated with each. Much of the Level | geomorphic characterization is qualitative and utilizes aerial
photography and topographic maps. Streams are divided into eight (8) broad types on the basis of their
channel and floodplain geometry. Rosgen’s classification system stream types can be thought of in their
relative location within the watershed from the headwaters through the lowlands. The major stream types
reflect their location in the watershed. For example, “A” type streams are located in headwaters; “C” &
“E” stream types are located in meandering lowlands, etc. The Level Il effort provides a more detailed
description of the stream using measurements at selected locations. Stream types are further subdivided
into 94 subtypes based upon degree of entrenchment, width-to-depth ratio, water surface slope,
streambed materials, and sinuosity (Figure 4.2-23). Consequently, the Level Il characterization is more
qguantitative than the Level | effort. Levels Ill and IV require more extensive data collection and
quantification of stream characteristics. The Bitter Creek / East Flaming Gorge Watershed Study included
a Level | evaluation of the mainstem streams and their principal tributaries.

Level | Methods

The purpose of the Level | geomorphic classification is to provide an inventory of the study area’s overall
stream morphology, character, and condition. It is intended to serve as an initial assessment for use in
more detailed assessments and to determine the location and approximate percentage of stream types
within the basin. The results of the Level | classification can be integrated directly into the project GIS

providing a graphical “snapshot” of the basin. Based upon this initial effort, potential stream reference
reaches can be identified for further study in Level Il classification efforts. The end product of the Level |

classification is the determination of the major stream types, A through G.

Figure 4.2-24 shows the major stream types within the Rosgen Classification System along with their
relative locations within a typical watershed. Brief descriptions of the various stream types encountered
in the watershed are presented in the following paragraphs.

A-Type Channels are relatively steep channels that form in headwater areas as well as within bedrock
canyons. These channels are entrenched and confined by steep valley margins such that little to no
floodplain area borders them. As the boundaries of A-type channels are typically highly resistant to
erosion, these stream types are generally quite resilient with respect to human impacts. The most
common cause of geomorphic change within A-type channels is due to large-scale sediment transport
events, (landslides, debris flows, debris jam failure) that may result in blockage or deflection of channel
flow.
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Figure 4.2-24 Major Stream Types within the Rosgen Classification System (Rosgen, 1996).

B-Type Channels tend to form
downstream of headwater channels, in
areas of moderate slope where the
watershed transitions from headwater
environments to valley bottoms
(Figure 4.2-25).

characterized by moderate

B-Type channels are
slopes,
moderate entrenchment, and stable
the
relatively steep channel slopes and

channel boundaries. Due to
stable channel boundaries, B-channels
are moderately resistant to human
impacts, although, their reduced slopes
relative to headwater areas can make
them prone to sediment deposition and
subsequent adjustment following a large
sediment transport event such as an

upstream landslide, debris flow, or flood.

Figure 4.2-25 xample Type B Channel:
Segment of Black Butte Creek, WY.
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C-Type Channels are typically
characterized by relatively low slopes,
meandering planforms (i.e., the shape
one would see if viewing from above, as

on a map or aerial photo), and pool/riffle
sequences (Figure 4.2-26). The channels
tend to occur in broad alluvial valleys,
and they are typically associated with
broad floodplain areas; they are not
entrenched and still have ‘access’ to
their floodplains. C channels tend to be
relatively sinuous, as they follow a
meandering course within a single

channel thread. In stream systems in

a : gk T
Figure 4.2-26 Example Type C Channel:
Green River near Green River, WY.

which the boundaries of C-type channels
are composed of alluvial sediments,
channels tend to be dynamic in nature,
and susceptible to rapid adjustment in
response to disturbance.

F-Type Channels typically have relatively
low slopes (<2%), similar to C and E channel
types. The primary difference between C/E
channels and F channels is with respect to
entrenchment. F channels are entrenched,
which means that the floodplain is quite
narrow relative to the channel width. The
entrenchment of alluvial F-type channels
typically is an indicator of a historic
downcutting event. F-type channels may
form in resistant boundary materials (e.g.,
U-shaped bedrock canyons) and relatively
erodible alluvial materials (e.g., arroyos).
When the boundary materials are erodible, . :
the steep valley walls are prone to Figure 4.2-27 Example Type F Channel:
instability, and channel widening commonly Killpecker Creek near Rock Springs, WY.
occurs within the entrenched channel cross

section (Figure 4.2-27).
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G-Type Channels are narrow, steep entrenched gullies. G-Type channels typically have high bank erosion
rates and a high sediment supply. Channel degradation and side slope rejuvenation processes are typical.

The Level | classification effort was conducted primarily using existing information incorporated into the
project GIS. Several analytical tools were developed and integrated into the GIS which allowed the
evaluation of various geomorphic parameters (sinuosity, slope, and stream station determination). The
data collated and incorporated in the Project GIS include digital aerial photography, USGS topographic
maps, Landsat color infrared imagery, a digital elevation model (DEM), and digitized hydrography
information. The most current data available were used in the geomorphic evaluation. Because the DEM
was limited to a 10-meter grid, elevations and subsequent slope calculations are approximate. Stream
alignments were digitized using 2011 aerial photography and represent the best available estimate of
current channel alignment.

The streams evaluated were divided into reaches based upon definable geographic factors
(e.g. confluences with tributaries, major road crossings, etc.) or where their geomorphic character
displayed changes. Each reach was evaluated in light of the characteristics required at the Level |
classification. These parameters, as indicated in Figure 4.2-23, were channel slope, channel shape, channel
patterns, and valley morphology. Note that in the Level | classification, these parameters are not typically

n u

quantified and the relative magnitude (i.e., “moderate”, “slightly”, etc.) is utilized to classify the stream.

Level I Classification

Results of the Level | classification effort are presented in Figure 4.2-28. This figure displays a map of the
study area depicting the various stream types as well as the reach designations used in the classification
effort.

The headwater reaches of most major streams within the basin are located in steeper terrain and are
typically classified as A type channels transitioning to B downstream in a manner typical of the Rosgen
classification scheme. Asthe headwater streams enter the lower valley reaches, their character changes.
The widening valley floor reduces lateral confinement, sediment size tends to reduce, and boundary
conditions typically weaken in conjunction with a change from narrow colluvial valleys to broad riparian
alluvial valleys. The common stable stream type within these settings is the C channel type. However,
within the Bitter Creek watershed, most channels have become entrenched to varying degree.

Some of the first-order tributaries in the lower portions of the basin can be classified as G-Type channels,
or gullies. These channels are highly erosive, generate high sediment volumes, and can result in the loss
of productive lands and destabilize upland conditions. These channels could be forming in response to
one or more of numerous stimuli including but not necessarily limited to: channel realignment
(straightening), road and culvert construction, range management practices, or base-level lowering
associated with main channel incision.
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4.2.6.3 Impairments

A large number of the streams evaluated and confirmed by field observation, appeared to be entrenched
to some degree with some severely entrenched. Erosion appears to be occurring extensively in many
stream reaches including active down cutting (degradation) accompanied by significant bank erosion. To
some extent, the channel degradation and associated bank erosion appears systemic; it is pervasive
throughout the Bitter Creek watershed. Impacts of this
level of degradation are numerous and can include: |, T
e Sediment transported to downstream reaches
(ex. Green River)
e Loss of aquatic habitat
e Lowering of groundwater tables
e Degradation of water quality
e Loss or damage to infrastructure
e Base level lowering causing tributaries to
degrade

For example, Figure 4.2-29 displays a photo of Bitter

Creek where stream banks are vertical, actively eroding
and exceed 25 to 30 feet in height. Figure 4.2-29 Active Channel Degradation: Bitter
Causes are complex and cumulative; several factors Creek.
likely come to play in this area and include:

e Changes in climate,

e Changes in base level, and

e Changesinland use

Historic changes in climate have been documented in research conducted in the Colorado River basin.
Researchers evaluated tree rings and determined minimal winter moisture occurred between 1870
through 1905 and significant winter moisture occurred between 1906 and 1930 (Lowham, et al, 1982).
Changes in the timing and distribution of runoff (i.e., from summer rainstorms to winter snowmelt) could
upset the dynamic equilibrium discussed above initiating erosion.

Changes in base level, or the elevation at which a stream joins another water body, can result in significant
and rapid changes to the stability of a stream channel. Head cuts or over-steepened reaches (nick zones)
formed when base level of a stream is lowered tend to migrate upstream. As this occurs, not only is the
initially affected stream impacted, but its tributaries experience the same phenomenon and can
subsequently experience their own incision and so forth.

Base level of Bitter Creek appears to have been affected by historic changes to its alignment.
Channelization conducted in conjunction with construction of the railroad and within the City of Rock
Springs has resulted in replacement of a once sinuous channel alignment with straight reaches with higher
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stream energy. Essentially, the ends of a channelized reach are the same elevation but the channelized
length is shorter. Consequently, the channelized slope is greater, stream energy increases, and the natural
dynamic equilibrium is skewed and erosion occurs. Figures 4.2-30 and 4.2-31 display two examples of
locations where segments of Bitter Creek have been channelized.

Figure 4.2-31 Stream Channelization: Bitter Creek at UP Railroad.
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Killpecker Creek has also been extensively altered by construction activities from its confluence with Bitter
Creek to an area approximately 4.5 miles upstream. Figure 4.2-32 displays a photo taken of an unnamed
tributary to Killpecker Creek within this reach displaying significant bank erosion and severe incision.

Figure 4.2-32 Channel Incision: Killpecker Creek Tributary.

As an example of how incision of a stream can promulgate incision of its tributaries is found at the Union
Pacific railroad crossing (Figure 4.2-33). At this location, incision of Bitter Creek has caused subsequent

Figure 4.2-33 Headcut Location: Tributary to Bitter Creek.
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downcutting / incision of an unnamed tributary. The resulting headcut has migrated upstream to the
railroad where UP has attempted to stabilize it with rock cobble (Figure 4.2-34). It appears that the cobble
may have slowed its progression but streamflow can flank the rock during large events threatening its
integrity. Given the value of the railroad’s infrastructure, further stabilization would seem prudent.

At another location on Bitter Creek, the Pierotto Ditch diversion structure has played a vital role in
maintaining the integrity of the channel upstream. The structure is in the process of being reconstructed
by the SWCCD and partners in an attempt to maintain its integrity and thereby allow it to continue to
function as a grade control structure. Downstream of the structure, Bitter Creek is deeply entrenched
and has vertical banks in excess of 20-ft. At the structure, incision has been arrested and upstream
conditions protected from upstream migration of the headcut. Figure 4.2-35 displays an aerial photo of
the structure taken before initiation of the reconstruction project. The existing project has suffered
several setbacks resulting from untimely flood events. However, at this time, it appears to be on track for
successful completion in the Fall of 2018.

Elsewhere on Bitter Creek is a feature known as Big Pond which is a sediment-filled reservoir which has
breached and now contributes sediment to Bitter Creek in a reach designated as “critical habitat” by
Wyoming Game and Fish Department. Figure 4.2-36 displays an overview of the site and the extensive
erosion which is occurring. It is our understanding that the pond was originally built in conjunction with
the railroad as a source of surface water for steam engines. As indicated on the figure, based upon
evaluation of historic aerial photography, progression of the headcut in the reservoir sediments has been
rapid. It is estimated that between 2014 and 2017 over 35,000 tons of sediment were contributed to
Bitter Creek.

Figure 4.2-34 Headcut at Union Pacific Railroad Crossing.
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Figure 4.2-35 Pierotto Ditch Diversion Structure.

Bitter Creek

Figure 4.2-36 Big Pond Site on Bitter Creek.

Selected streams in the East Flaming Gorge area were evaluated by Wyoming Game and Fish Department
in 2002 in conjunction with the Sage Creek Watershed WHAM Inventory (Green River Region Aquatic
Habitat Management, 2002). Streams evaluated included:
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Figure 4.2-37 displays a photo of the Big Pond headcuts. Note the height of the vertical bank is
approximately 6 to 8 feet high. Failure of the feature may be associated with construction of a buried gas
line through the area. Note in 4.2-37 how the tributary headcut feature aligns with the location of the
buried pipeline.

Figure 4.2-37 Headcuts in Big Pond.

e Spring Creek,

e Trout Creek,

e Gooseberry Creek,
e Camp Creek, and
e Sage Creek

The report contains detailed discussion of the stream segments evaluated. Based upon a review of this
document and field observations, it appears that many of the stream segments have become entrenched;
some very deeply. Active headcuts exist and WGF in cooperation with Trout Unlimited (TU) have stabilized
several problematic sites. However, at some locations, it appears that the streams have healed naturally
from historic entrenchment and stable channels have formed with the entrenched canyons.
Figure 4.2-38 displays a portion of Sage Creek where the channel appears to be forming a stable,
meandering channel with a deeply entrenched floodplain.
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Figure 4.2-38 Stable Channel Formed within Entrenched Stream Segment (Sage Creek).

Based upon this basin-wide overall review, study area history and existing or on-going studies,
Impairments to stream channels within the study area appear to fall into the following broad and
interrelated categories:

e Channel Stability and Bank Erosion: Pervasive instability throughout the watershed.

e Imbalance of Sediment Supply: Imbalance between stream capacity and sediment supply can
lead to channel degradation or aggradation.

e Riparian Vegetation Degradation: Impaired riparian condition and habitat.

e Riparian Degradation: General bank erosion and physical disturbance of stream banks.

e Lowering of Local Groundwater Conditions: Magnitude of channel incision can result in lowering
of local groundwater tables affecting vegetation vigor and species.

Management Implications:

The objective of a Rosgen classification is to provide insight into the inherent resiliency of the stream
and where there may be stability issues. This insight can then be included in future planning efforts or
consideration with project-specific designs.
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For instance, type A and B channels are typically headwater streams and are inherently resilient to
disturbance. Bedrock and valley-type typically contain the channels to a narrow corridor and migration
is minimal and they're generally geomorphically stable. Management implications of these types of
channels could be how to stabilize culverts, irrigation diversions, etc.

Type C channels (the Green River) are non-entrenched and have "access" to their floodplains. These
channels migrate, we see oxbow features, bank erosion is a natural feature (within limits), etc.
Management implications could include irrigation diversion design, bank stabilization, wetland
creation / enhancement (i.e. oxbow wetlands), etc.

From a watershed planning perspective, knowing where the various types of channels lie and their
extent all adds to the understanding of the watershed health and function. With an abundance of F-
type channels (entrenched), systemic issues may be indicated. G channels (gullies) indicate other
watershed health issues: over grazing, energy development, roads, etc. These all add to the
understanding of sediment loading to the mainstems which affects habitat, receiving stream stability,
etc.

Within the project study area, there do not appear to be systemic geomorphic issues associated with
channel degradation. In general, streams appear to be relatively stable from a geomorphic standpoint
and bank erosion and incision were evident, but not prevalent. There are areas where channel widening
is evidenced by active bank erosion and high width depth ratios. For instance, Bitter Creek in the vicinity
of Rock Springs has been modified by anthropogenic activities and appears to be in the process of
recovering, particularly in consideration of recent channel improvement projects.

Tributaries to the system mainstems were observed to be degrading and would be classified as Type-G
channels under the Rosgen system. However, again it is important to keep in mind that these channels
do not appear to be associated with widespread systemic watershed rejuvenation as would be expected
if the mainstems were degraded. In other words, there was not sufficient evidence of channel
degradation in the tributaries to indicate instabilities associated with base-level lowering of the
mainstems. The Type-G channels observed through the course of this project were likely caused by local
land use practice.

4.2.6.4 Proper Functioning Condition

The BLM utilizes a procedure for assessing the health of a stream called Proper Functioning Condition
assessment or PFC. PFC is described by the BLM as:

“A qualitative method for assessing the condition of riparian-wetland areas. The term PFC is used
to describe both the assessment process, and a defined, on the-ground condition of a
riparian-wetland area. The PFC assessment refers to a consistent approach for considering
hydrology, vegetation, and erosion/deposition (soils) attributes and processes to assess the
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condition of riparian-wetland areas. A checklist is used for the PFC assessment, which synthesizes

information that is foundational to determining the overall health of a riparian-wetland system”

(BLM, 1998).

The PFC assessment terminates with the definition of one of three classes for a given stream segment as

described below.

Proper Functioning Condition: A stream is said to be functioning properly when adequate vegetation,

landform, or debris is present to:

e dissipate energies associated with wind action, wave action, and overland flow from adjacent

sites, thereby reducing erosion and improving water quality;

o filter sediment and aid floodplain development;

e improve flood water retention and groundwater recharge;

e develop root masses that stabilize islands and shoreline features against cutting action;

e restrict water percolation;

e develop diverse ponding characteristics to provide the habitat and water depth, duration, and

temperature necessary for fish production, water bird breeding, and other uses; and

e support greater biodiversity.

Functional At Risk: Riparian/wetland areas are classified as functioning-at-risk when they are in

functioning condition but an existing soil, water, or vegetation attribute makes them susceptible to

degradation. These areas are further distinguished based on whether or not they demonstrate an upward,

not apparent, or downward trend.
Nonfunctioning: Riparian/wetland
areas are classified as
nonfunctioning when they clearly
are not

providing adequate

riparian  vegetation,  physical

structure, or large woody debris to

dissipate stream energy
associated with high flows.
Results of PFC assessments

completed on federal lands by
BLM staff were obtained from the
Rock Springs Field Office, BLM
(Figure 4.2-39).  Figure 4.2-40
displays a summary of the data.
The stream segments evaluated
totaled over 271 miles in length

Functional At Risk (Not
Apparent) Functional At Risk
19% (Upward)
28%

Non Functional
2%

Functional AtRisk \

(Downward)
5%

ProperFunctioning
Condition
46%

Figure 4.2-40 Summary of BLM PFC Assessments Completed in Project
Study Area.
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with an average segment of approximately 1.5 miles. Of the segments evaluated, approximately
46 percent were determined to be Proper Functioning Condition and another 28 percent were determined
to be Functional At Risk but with an Upward trend. Only about 2 percent were determined to be Non-
Functional and another 5 percent were Functional At Risk with a Downward trend.

4.3 Biological Systems

4.3.1 Land Cover

4.3.1.1 Overview

Land cover within the watershed was evaluated using several databases; each with its own strengths and
emphasis. The databases used to characterize land cover, vegetation, riparian areas and wetlands
included:

National Land Cover Database (NLCD): We used the NLCD data to provide a general description of the
watershed in terms of its ground cover (vegetation classification, urban, open water, etc.) The database
is useful for large scale evaluations. The NLCD classifies cover into 16 categories.

The Landscape Fire and Resource Management Planning Tools Project, or LANDFIRE: This raster-based
database was created at a 30-meter resolution. We used it to quantify and map riparian areas because
of its resolution. This database is useful for evaluation of smaller areas but does not lend itself to map
presentations. The LANDFIRE database provides more detailed classifications with 844 categories.
Wyoming GAP Analysis (GAP): The GAP data were used to characterize vegetation coverage because it
has a greater number of vegetation classifications than the NLCD dataset and is better suited for map
presentation and graphics than the LANDFIRE data.

National Wetlands Inventory (NWI): We used the NWI data, created by the US Fish and Wildlife Service,
to quantify and map wetlands communities. The NWI data is a commonly used database, however,
ground truthing is recommended.

It is important to keep in mind when reviewing the results of these analyses, that results can vary
depending upon the database referenced. Different methodologies were used in their creation, accuracy
and resolution vary, and they may use different vegetation and land use classes.

4.3.1.2 Vegetation and Plant Communities

The NLCD is distributed by the Multi-Resolution Land Characteristics Consortium (MRLC) and serves as the
definitive Landsat-based, 30-meter resolution, land cover database for the Nation. NLCD provides spatial
reference and descriptive data for characteristics of the land surface such as thematic class (for example,
urban, agriculture, and forest), percent impervious surface, and percent tree canopy cover. NLCD supports
a wide variety of Federal, State, local, and nongovernmental applications that seek to assess ecosystem
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status and health, understand the spatial patterns of biodiversity, predict effects of climate change, and
develop land management policy. NLCD products are created by the Multi Resolution Land Characteristics
(MRLC) Consortium, a partnership of Federal agencies led by the U.S. Geological Survey (Homer, C.H. et
al., 2012). Table 4.3-1 presents the results of National Land Cover Database analysis for the study area.

In order to draw a clearer picture of the land cover within the watershed the vegetative cover within the
study area was also evaluated using data obtained through the LANDFIRE project (www.landfire.gov).

LANDFIRE (Landscape Fire and Resource Management Planning Tools Project) is an interagency
vegetation, fire, and fuel characteristics mapping project. It is a shared project between the Department
of Interior (DOI) and Forest Service Wildland Fire Management programs. The primary purpose of the
LANDFIRE project is to collect the data necessary to develop wildland fire models. The data are generated
using remote sensing techniques with on-the-ground truthing. Data products accessed for this project
included 30-meter spatial resolution raster data sets describing vegetation type and cover. LANDFIRE
vegetation map units are derived from NatureServe’s Ecological Systems classification (Comer et al.,
2003). While the geographic resolution (30-meter) of the LANDFIRE data is the same as the NLCD data
discussed previously, the classification system used by the LANDFIRE dataset is more highly evolved than
the NLCD data. This allows for a finer classification of the vegetative cover within the study area.

The LANDFIRE data describes numerous attributes pertinent to this study, including:

o Environmental Site

. Potential Biophysical Settings
o Existing Vegetation Type

o Existing Vegetation Height

o Existing Vegetation Cover

The LANDFIRE “existing vegetation type” (EVT) data were analyzed and the distribution of vegetation
classes at the HUC12 scale is summarized in Appendix 4D. The LANDFIRE existing vegetation data indicate
a diverse collection of vegetation types totaling 68 different vegetation classes within the Bitter
Creek/East Flaming Gorge watershed.

As is clearly indicated in the data and as would be expected, the major sagebrush community (Inter-
Mountain Basins Big Sagebrush Shrubland) dominates coverage of the watershed totaling over 50% of the
study area. While the fact that the majority of the study area is covered in sagebrush comes as no surprise,
the table presents valuable information pertaining to the vegetation types present to a much lesser
extent. The bar chart Figure 4.3-1 shows the relative distribution of physiognomy (form/morphological
structure of vegetation) for each HUC12 subwatershed (12 digit hydrologic units). The physiognomy field
from the LANDFIRE database is more general than the “existing vegetation type” field, and thus is more
presentable in graphical form. It is clear that “shrubland” holds the highest percentage of area in all 72
subwatersheds, while “grassland” and “exotic herbaceous” cover a good portion of the remainder. In
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Table 4.3-1 National Land Cover Database Analysis for the Bitter Creek/East Flaming Gorge Watershed.

K0T ROWET FEoL
2|11 AR Sul=i] PUB| S|
b 11111] o s 8 TR0 LD RS e 0 507 e RS ng spanoaoe unerEoa doun fSueedoun atspuaeapun) sdno Apoom o) pIEEAN D
e aadogy o onegn s EaEon sueagiosunmn) sdnn praae o uormnposd g pesn oy
— - SN0 1Y [EJ] 0 G L] Ul o sorads usn B ) ST SIioN oM S
uDnESEan 0] JO%N7 UeYl BEDE pUE ‘| |8 SRl G uey sneal A jesauns soa) M paEunLIng sEa )
NI R
b T 1] ¥ S 0N00T 07 %k 0] ANMIKE SO0ELNS STUASGL| TeLsTE fECUULLLEKD [RRE SoSTMIL AL “Sohta joLLD Ao yiH podo Qs
pounede apnpu dusoeg s oogues y@ag i poeas o apees ydood 2o o podoasap Ay
[T =55
%enm (0] ENILJO A7 UBL) SEaut i Sunmae uieHban AnanTsed o eassaode un i exdi) sdoo Ang o leyyfamnseg
pos jo un pepnd o Suzel poysoa | oy pered sarmmu sunda) sl o saunda) el jo e
“FHELYD PUDSEDS 0] 2Uncsal U JIouBrLus 251 0] pays somads 90 9yl j0 wGr uey] oIy Saam
KB 95T TSN TMEENRE(]
UDEEE [20] JORAZ UBY] DERE PUE | (€] S G ue ] e A [Erns soa] AQpEieunung sea sy
“ETFIEA LA PRSI D LA PO A eapoLced £ S sns
1N} 2% S| e Apooss,
» [MI5 A1 PUB _BAD SRR )0 %07 UL ENEDIE I SEENDE LD RRH0A PUR ALK 10 152.0)] 2000 SEQN !
1 Sursnouy A LE o FU s S ME UL 1500 SERUE S5M)] AW [ENI]OUf) M
i} WL Amsyy way ‘padojanaq
bads SL7 (] %G 1] UTHIKE s3oepmns snolasdiu] unrepEas pue s LU pETNUTSLE JO SETRL B LA SEQN P I
B L1 JUSAG0 30 Y1liA PO aies A eapoLod s)aegsgs oo 5
My 9y U AN DA R0 JO Y8 UBL] SR M. SN LN ]G STMIINEC] M | | BRI SO SEa Y ik
S Sursroay A e e s i ALV TR0 SERLE S5 ST B0 10 Jusaead
»ED AL WL SO N PIMIER s snjasdu) 1nrepiod e s DU pRTEIITAEE [0 ST R P L] LA SR A il
%LCy @ | Cposaow TR RE 0 DA %ET UBYL S5 W A Res s Do uadn jo seaw oEpuwdp
D [210] O %7 LEY] 550| I0] JUMIXE s33epms snotasadiu)
)i} EWIT aaxds uado ‘podojanag
9 SISSEIT UNE| D UWLIDJ AW unieRdoa AFmu yu] ‘qeudmy POTELART U 0 ST E LI SEeany
ohiel1 |0
LA oS Er uzaufl e Beou s Adoue)) el | E soeee| S ureaew socads oo oy J0 N0F UBL] SE SR 1 uaaifiseng
unnEaEon e Jonz e oEal pus e s G ue ) aeal A jeand coan A paeunLng ooy
"IN R0 0 KGT UL
o1 WS 53 M0 SENODe U EREN ‘A BIERDS ELDEW ERELED J0 SU00ermune spo pue sud paess ‘sounn| enyfpues Spoy) puejuaueg
dins 'sanp pues 'SP [e17e)E ELDTEUL MBI "sp1s sniel sdes umuaved Bosap Snpog o seo s
o - Sureid ay paz) | On agq wed YW Ul ] e yE LaUB3eunn SAUB 0] e s U 3 56l 0w
SOSIEGH UE [SFE0
VONESOA [EI0] )0 %08 LB BEDIE AR BuaE 'UorE1EEa snoeq e pouaLe S A paeunLnp seo s
SUDIYAEK]) [ETUALLNRILALEY
%ILRE RGE7OT | W POREES SOa M 28] [BuDI SIS APED LB Ul 532] Tunnk 'SOriajs ana) sopmnmal SsSe SRl U0 nERtan LGS
e 0 8 vey] el Aeaxdi] Adoues grULES LM | €] SIREII G U] SS9 SRS A PajEuRLInp seasy
PRYsIEIEM JO JUSBd SN uondinssq UOHENYISSE]D

([a21n) sseqezeqaana] pue] [EucqeN : paysiaem afion Bulwe 3563 /190 =R

son Consulting Engineer

Ander

4.67



|lexmnousy m poompieH m  SMd [9AeID-SaUIN dLIS-SBLIIEND m

ualegm speoy/padojanag m Bjuo) m
uenedy m puejsseio m SN03JeqIaH 2NOXI m
€31V ZTONH 8101 JO Juddiad
%001 %06 %08 %0L %09 %05 %0t %0€

pale1adap Ajesieds m

puejqniys

%01 %0

)981) pay Jaddn

yoal1) ysie 1addn

3931) ysie jeopsesdng

33310 In01 |-¥834) a8es

Mei1Qq poomasealn-yaal) ades

3931) pay 3|PpIN

Y231 Ysie 3|ppIN

3231) pay 1amo

3881) POOMUON0)-)104 SAiusH

uoAue) ajoyalid 3|PPIN-IaALY U331

melq sSunds uaydIyd-I1aary usaio

MO[|OH Menbs-110/u9s8Y 88109 Sulwel

yoa1) Suuds-1ionesay 98109 Suiwely

melq Aiayaaxoyd-i1onssay 98109 Sulwel4
110A13S3Y pieogydng-ilon1asay 98109 Sulwel4
uoAue) sjoyauid

FECTRRULII)e) spaysiaiom
y9a1) uiseg Ae|) abio9 bujwip|4 3sp3

991D S||I9/M 1|es 1addn

meiq youied taddn

ysep uewpeaq Jeddn

39a1) a1ing yoe|g Jaddn

13Ny UdBID-¥}98.) J8111g Jaddn
y9a1) adojeiuy Jaddn

y981) 1a1g-y281) Ja1em1asms
uiseq 1a1xeg ynos

melq s83ayds

3981) Suuds-yaa1) s||laM 1jes
38a1) 92A0[-y9a1) S||3M 1es
uoAue) Aug-yaa1d S||oM 1es
331D [B110)-)331D S||3M S
70£0SOTOYOF T334 SIISM 3|eS
Yysem pay

¥oal1) 1e1e M\ Anald

meiq Ajjod

meuqyouied

3831 Y2lN

391D 19ng 311! 3IPPIN

YseM uewpesq 3|ppIN

834D 81ng oe|g 3|pPIN

3231D S|I3M 1|eS 1amoT]

MelQ yduied 1amo

3831 19111g 93 1aMo]

ysep\ Uewpesaq 1amon

393a1) a1ng yoe|g 1amo1

3931) adojajuy 1amo

uoAue) 8uol

ysep Asueq

oueljay-)9a.1) 1axdad Iy
uoAue) auid-yaa.1) 1axdad ||y
3931) 3|ILUSIN04-¥331) 1axdad |1y
3sn | sieog-yaa.) 1aydad ||y
S080S0TOYOYT-4934) 4ax2ad |1y
meluq adid uou|

uoAue) Ja1Y1asIoH

¥oa1) deg

393a1) sueq

3931) 1anig anI-yaa1) Jepa)
uoAue) 1epa)

3|IIN|[BH JO UMO|-}a3.1) Janig
$31Ing ¥oe|g JO UMO|-}a31) Janig
3991 19111g JO UMO ] -}¥33.) Janig
sBuuds yo0y-3991) Janig
epuey-32a1) 1anig

MoJ|oH A1BunH-e3.1) Janig
MelQ uoo)-y}3a1) 1enig

uoneis puod 8ig-3aa1) 1anig
meiq e 81g

€0S0S0TOvOrT

¢0S0SOTOYOrT

S0Z0SOTOvOrT

C0TOSOTOVOrT Spaysiajpm yaai) 131319

Figure 4.3-1 Bitter Creek/East Flaming Gorge Landfire Database Characterization.
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general, the East Flaming Gorge watersheds have considerably greater abundance of grassland and non-
shrubland types than the the Bitter Creek subwatershed.. East Flaming Gorge subwatersheds also have
more coniferous land cover, more hardwood, more riparian areas, less development, and less
quarries/strip mines/gravel pits than Bitter Creek.

In order to aid in future analysis and enable the LANDFIRE data to be utilized as a land
management/planning tool, the Existing Vegetation Type (EVT) data has been intersected with the HUC12
subwatersheds within the study area. The result of this analysis has been included in the project GIS and
Digital Library delivered with this report. This data intersection will facilitate a more focused vegetation
analysis based on the sub-watersheds within the study area. Analytical tools available within the project
GIS facilitate use of the LANDFIRE data for regional watershed planning. For example, areas of the
watershed identified as any of several juniper species communities can be identified and evaluated onsite
to determine potential encroachment areas. Similar evaluations within the project GIS can be completed
for wetland/riparian communities in order to determine areas where the SWCCD may concentrate future
planning efforts.

While the LANDFIRE data provides valuable insight into watershed conditions, its display is difficult
because of the fact the data are represented by a grid with 30-meter spacing. The LANDFIRE data set is
included within the project GIS and available for use in subsequent projects and associated efforts.

The Wyoming GAP dataset was produced “with an intended application at the state or ecoregion level -
geographic areas from several hundred thousand to millions of hectares in size. The data provide a coarse-
filter approach to vegetation analyses, meaning that not every occurrence of habitat is mapped; only
large, generalized distributions are mapped, based on the USGS 1: 100,000 mapping scale in both detail
and precision. Therefore, this dataset can be used appropriately for coarse-scale (> 1: 100,000)
applications, or to provide context for finer-level maps or applications” (Merrill et al., 1996).

For the purposes of this project however it is the most “display-friendly” vegetative dataset available and
provides generalized distributions of the vegetative land cover located within the Bitter Creek/East
Flaming Gorge. Figure 4.3-2 displays the Wyoming Gap Analysis results for the study area. Note that the
classifications in the figure are listed in their order of abundance within the watershed. Of the 20 different
GAP classifications present in the watershed, Wyoming Big Sagebrush dominates the landscape, making
up 56% of the study area. Juniper Woodland and Desert Shrub are the next most abundant, making up
16% and 14% of the watershed, respectively.

Distinct plant communities within the study area are influenced by characteristics such as soil depth,
texture, and salt content; climate variables, particularly temperature, total and seasonal distribution of
precipitation, and wind; and topographic features, most importantly elevation, aspect, and slope. Plant
communities respond to other environmental influences such as wildlife foraging, rodent burrowing, and
ant hills. Plants themselves also influence soil chemistry and soil resistance to wind and water erosion.
Vegetation management goals, objectives and actions related to the study area are available in the Rock
Springs BLM Resource Management Plan (1997) located in the Digital Library delivered with this report.
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4.3.1.3 Riparian Areas
The LANDFIRE data includes a limited determination of riparian areas as well. The LANDFIRE data does

not graphically represent well at the watershed scale, therefore the riparian vegetation communities in
the dataset are presented in Table 4.3-2.

Table 4.3-2 LANDFIRE Riparian/Wetlands Classifications.

Bitter Creek/East Flaming Gorge Watershed : LANDFIRE Wetlands
Physiognom .
Existing Vegetation Type (form/‘:noriholoygical Acres Percentof |Cumulative
. Watershed Percent
structure of vegetation)

Western Great Plains Floodplain Forest and Woodland Riparian 24046.2 1.3182% 1.32%
Rocky Mountain Montane Riparian Forest and Woodland Riparian 12846.0 0.7042% 2.02%
Rocky Mountain Subalpine/Upper Montane Riparian Shrubland Riparian 10925.8 0.5989% 2.62%
Western Great Plains Floodplain Herbaceous Riparian 952.8 0.0522% 2.67%
Rocky Mountain Wetland-Herbaceous Riparian 753.6 0.0413% 2.71%
Western Great Plains Depressional Wetland Systems Riparian 592.6 0.0324% 2.75%
Western Great Plains Floodplain Shrubland Riparian 104.7 0.0057% 2.75%
Rocky Mountain Subalpine/Upper Montane Riparian Forest and Woodland Riparian 4.4 0.0002% 2.75%
Rocky Mountain Montane Riparian Shrubland Riparian 2.7 0.0001% 2.75%

As this table clearly indicates, riparian areas in the study area are extremely limited in extent (2.75% of
the watershed). Entities such as the Wyoming Landscape Conservation Initiative (WLCI) have completed
riparian enhancement projects. Many of the WLCI projects target the removal of tamarix (tamarisk, salt
cedar) which is an invasive species that consumes large amounts of water in riparian habitats. Tamarix is
further discussed in Section 4.3.1.6. Recently completed WLCI projects include:

e Bitter Creek Restoration: Repair of a diversion structure which is preventing a head-cut from

continuing downstream.
e Bitter Creek / Red Creek Tamarisk Control: Ongoing control of tamarisk (salt cedar) with both

biological control agents (beetles) and chemical controls (herbicide)
e Flaming Gorge Invasives: Treatment of noxious weeds in the Flaming Gorge Reservoir such as

pepperweed, black henbane, thistles, knapweeds, common reed, Russian olive and tamarisk.
e Little Mountain Riparian and Fish Habitat Project: Improvement of Colorado River cutthroat trout

populations in Sage Creek, Currant Creek, and Red Creek drainages by increasing woody material
available near streams, allowing better stream function, and improving fish passage.
e Red Creek Habitat Enhancement: Subalpine fir cuttings to reduce the expansion of conifers,

protecting understory herbaceous species (e.g. aspen stands) and aquatic habitats.
e RSFO-Currant Creek Habitat Restoration (2012): Reduced unauthorized grazing of riparian

vegetation by excluding unauthorized livestock from stream and adjacent meadows
e Sweetwater County Invasive Weed Control: Ongoing control of invasive species to minimize

economic and ecological impacts
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4.3.1.4 Wetlands

Existing mapping of wetlands within the study area consisted of the National Wetlands Inventory (NWI)
created by the US Fish and Wildlife Service (USFWS). The NWI mapping was completed using aerial
photographs within the GIS environment and digitizing by analysts, however due to the relatively limited
extent of mapped wetlands in relation to the size of the watershed, the data does not lend itself to
presentation at the watershed scale.

Based upon the NWI mapping, approximately 36,542 acres of wetlands exist within the watershed, which
is only about 2% of the total study area. It is important to note that this estimate includes the surface
area of Flaming Gorge Reservoir, which forms the western edge of the study area. If the reservoir is
removed from the analysis, the total number of wetland acres is reduced to 25,253 acres, or about 1.4
percent of the watershed.

Figure 4.3-3 presents a pie chart
showing the relative distribution
of the general wetland types.
Excluding Flaming Gorge
Reservoir, the major contiguous Lake, 33.0%
wetlands in the watershed are
reservoirs associated with the Jim
Bridger Power Plant and the coal
mines. Limited riverine wetlands

are also found throughout the Freshwater

Emergent
Wetland,
10.4%

study area. Additionally, several
ponds dot the landscape at the

FreshwaterForested/Shrul Freshwater
Killpecker Sand Dunes, located at Wetland, 1.2% Pond, 2.5%

the headwaters of Killpecker and
Nitch Creek. Smaller other

emergent wetlands exist in the

Figure 4.3-3 Percent of NWI Wetlands Types.

highlands near Miller Mountain.

It is generally understood by users of the NWI mapping that the data are suitable for broad scale planning
efforts such as this Level | investigation; however, before design and completion of any project potentially
affecting wetlands, detailed onsite delineation should be conducted.

The Nature Conservancy utilized the existing NWI data as the basis for development of their 2010 Wetland
Complex dataset in which they identified 221 wetland complexes in the State of Wyoming. The Green
River Basin Wetland Complex (GRBWC) and six unnamed complexes exist within the study area
(Figure 4.3-4).
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The Wetland Complex dataset has been included in the project GIS and includes attributes such as:

e Number of Wyoming Species of Greatest Conservation Need (SGCN) in the complex.

e Number of rare species of Greatest Conservation Need (SGCN). See “Ecological Indicators”
(Copeland et al., 2010) for a list of rare species.

e Biological diversity ranking of the complexes.

e Vulnerability of complexes to oil and gas development, residential development, and drought.

In 2014, the Wyoming Game and Fish department published a conservation plan with numerous
objectives and conservation strategies within the GRBWC (WGF, 2014) such as:

e Strive for a no net loss of wetlands in the Green River Basin Wetland Complex with a focus on
preserving remaining high-quality wetlands and riparian habitats.

e  Work with local, state and federal government agencies to direct energy development outside
of wetland and riparian areas, and to require restoration of sites that have been affected by past
development

e Implement wetland and watershed “best management practices” to improve water quality and
sustain/enhance wetland functions and values throughout the Green River Basin Wetland
Complex.

e Secure additional funding to support ongoing and future wetlands conservation and
enhancement through IMJV, WLCI, USFWS, NRCS, TNC, DU, WWNRT, WGFD, BLM, USFS and
other partners.

e Provide additional public access opportunities for wetland-dependent recreation such as
waterfowl hunting and wildlife viewing.

In 2015, the Nature Conservancy and the WGF published the results of an assessment of the Green River
Basin Complex (WGF, 2015). A summary of the assessment was extracted and is presented below:

e Overall, results indicated that approximately 96% of wetlands in the basin are moderately to
highly disturbed.

e Among wetland types, emergent marshes (generally higher elevation glacial pothole wetlands)
were the least disturbed, followed by riparian woodland and shrublands. Wet meadows, mainly
irrigated hayfields, were the most disturbed and hydrologically modified.

e The most widespread anthropogenic disturbances, or stressors, identified across all wetland types
were agricultural practices associated with pastures and cattle grazing and hydrologic alterations.
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4.3.1.5 Ecological Site Descriptions

The concept of “Ecological Sites” is described by the NRCS as follows:

“A distinctive kind of land with specific soil and physical characteristics that differs from other
kinds of land in its ability to produce distinctive kinds and amounts of vegetation, and in its ability
to respond similarly to management actions and natural disturbances.”

Ecological sites incorporate environmental factors such as climate, soils, landform, hydrology, vegetation,
and natural disturbance regimes that together define the site and its relationships between these factors
and how they influence plant community composition (Caudle et al., 2013). The characteristics
differentiating ecological sites and their features are documented as an ecological site description (ESD),
which includes the following:

e Data used to define the distinctive properties and characteristics of the sites;

e Biotic and abiotic characteristics that differentiate the site (i.e., climate, physiographic, soil
characteristics, plant communities); and

e Ecological dynamics including how changes in climate, disturbance processes and management
can affect the site.

An ESD includes interpretations about the land uses that a specific ecological site can support and
management alternatives for achieving objectives. ESDs are valuable tools that can be used to help
landowners and managers make decisions through evaluating the condition or health of a site. The
ecological sites and associated descriptions were developed over many years of data collection and range
site monitoring and are dependent on the location of a site within defined precipitation zones and existing
soil characteristics.

ESD reports are available from the NRCS that describe the following for each Ecological Site:

e Site Characteristics: ldentifies the site and describes the physiographic, climate, soil, and water
features associated with the site.

e Plant Communities: Describes the ecological dynamics and the common plant communities
comprising the various vegetation states of the site. The disturbances that cause a shift from one
state to another are also described.

e Site Interpretations: Interpretive information pertinent to the use and management of the site
and its related resources.

e Supporting Information: Provides information on sources of information and data utilized in
developing the site description and the relationship of the site to other ecological sites.
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ESDs are available from the NRCS at:

https://esis.sc.egov.usda.gov/Welcome/pgReportLocation.aspx?type=%20ESD

The ESDs can be used to compare what is growing on the rangeland with what each site is capable of
growing. By comparing the present vegetative composition to the potential compositions, the relative
health of the range resource can be evaluated. Production of each site is closely related to the ecological
condition of the site. Ecological Sites are defined based upon their location within defined Ecological
Precipitation Zones and soil characteristics. Figure 4.3-5 displays the ecological precipitation zones found
in the watershed.

Detailed soils mapping which is
necessary for development of ESDs,
was available for only approximately
20% of the study area, therefore ESD's
were not able to be produced for 80%
of the watershed. Using database tools
provided by the NRCS, the available
soils mapping was evaluated, and
Ecological Sites defined within the
study area. Also, please note that even e
if there are soils data available there
may not be an associated ESD that can
be calculated. For example, the rock

Foothills and Basins

outcrop, mines, dumps, urban land, West (10-14 W)

and water are all soil map unit values in
the soils data for which ESD’s cannot be

calculated. Figure 4.3-6 displays the , ol o panins

locations of the major ecological sites

where the 1:24,000 soils mapping was Figure 4.3-5 Ecological Precipitation Zones.

available.

Within the areas where detailed soils mapping is available, the predominant ecological sites are:

e Shallow Sandy (SwSy) 7-9" Green River and Great Divide Basins
e Shallow Loamy (SwLy) 7-9" Green River and Great Divide Basins
e Saline Upland (SU) 7-9" Green River and Great Divide Basins

Specific on-site evaluation of local ESD type and condition is required prior to development of site specific
management plans. Ecological Site Interpretations associated with these ESDs are extracted from the
NRCS descriptions (NRCS, 2014) and available in the Digital Library delivered with this report.
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4.3.1.6 Weeds and Invasive Species

Vegetation of particular importance with respect to land use and habitat that were identified by the
Wyoming Weed and Pest Council include:

Designated Noxious Weeds W.S. 11-5-102 (a) (xi). For more information, see: http://www.wyoweed.org/

e Field bindweed (Convolvulus arvensis L.)

e (Canada thistle (Cirsium arvense L.)

e Leafy spurge (Euphorbia esula L.)

e Perennial sowthistle (Sonchus arvensis L.)

e Quackgrass (Elymus repens (L.) Gould.)

e Hoary cress (whitetop) (Cardaria draba & Cardaria pubescens (L.) Desv.)
e Perennial pepperweed (giant whitetop) (Lepidium latifolium L.)
e Ox-eye daisy (Leucanthemum vulgare Lam.)

e Skeletonleaf bursage (Ambrosia tomentosa Nutt.)

e Russian knapweed (Acroptilon repens L.)

e Yellow toadflax (Linaria vulgaris (P.) Mill)

e Dalmatian toadflax (Linaria dalmatica (L.) Mill.)

e Scotch thistle (Onopordum acanthium L.)

e Musk thistle (Carduus nutans L.)

e Common burdock (Arctium minus (Hill) Bernh.)

e Plumeless thistle (Carduus acanthoides L.)

e Dyer's woad (lsatis tinctoria L.)

e Houndstongue (Cynoglossum officinale L.)

e Spotted knapweed (Centaurea stoebe L. ssp. micranthos (Gugler) Hayek)
e Diffuse knapweed (Centaurea diffusa Lam.)

e Purple loosestrife (Lythrum salicaria L.)

e Saltcedar (Tamarix spp.)

e Common St. Johnswort (Hypericum perforatum L.)

e Common Tansy (Tanacetum vulgare)

e Russian olive (Elaeagnus angustifolia L.)

e Black Henban (Hyoscyamus niger)

Additionally, as of February 2017 the Wyoming Weed and Pest Council lists the following weeds as
declared weeds by county. Weeds identified by Sweetwater County include:

e Common Reed (Phragmites australis)
e Foxtail barley (Hordeum jubatum L.)
e lady’s bedstraw (Galium verum L.)
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e Mountain thermopsis (Thermopis montana Nutt.)

e Wild licorice (Glycyrrhiza lepidota Pursh)

e Curlycup gumweed (Grindelia squarrosa (Pursh) Dunal)
e Showy milkweed (Asclepias speciosa Torr.)

e Curly dock (Rumex crispus L.)

e Bull thistle (Cirsium vulgare (Savi) Ten.)

“Designated noxious weed” is defined by the Wyoming Weed & Pest Control Act as follows:
“weeds, seeds or other plant parts that are considered detrimental, destructive, injurious or
poisonous, either by virtue of their direct effect or as carriers of diseases or parasites that exist
within this state, and are on the designated list, which is formed by joint resolution of the Wyoming
Board of Agriculture and the Wyoming Weed and Pest Council. If a plant is listed as a Designated
Noxious Weed, that listing provides statewide legal authority to requlate and manage it.”

“Declared weed” is defined as follows:
“any plant which the Wyoming Board of Agriculture and the Wyoming Weed and Pest Council have
found, either by virtue of its direct effect, or as a carrier of disease or parasites, to be detrimental
to the general welfare of persons residing within a district (county). If a plant is listed as a County
Declared Weed, that listing provides that county with legal authority to regulate and manage it.”

The county Weed and Pest Districts actively conduct control measures to reduce the spread and
reproduction of weed species. Interested landowners should contact the Sweetwater County Weed and
Pest Districts for more information.

The discussion of vegetation and land cover would not be complete without addressing the mountain pine
beetle epidemic occurring on the forested lands within the region. In the project study area, areas affected
by beetle kill are relatively low in areal extent and not considered a management issue by the USFS.
However, areas in the southern portion of the study area, including the Miller Mountain and Pine
Mountain areas, have been impacted.

The following regarding the outbreak and its history is extracted from the USFS document:

Review of the Forest Service Response: The Bark Beetle Outbreak in Northern Colorado and Southern
Wyoming (USDA, 2011).

This report is also included in the digital library delivered with this report.
A mountain pine beetle outbreak in three national forests in the Rocky Mountain Region (Region 2) of the

U.S. Forest Service—the Arapaho-Roosevelt, Medicine Bow-Routt and White River—was initially detected
in 1996. By 2010 it had spread to about four million acres.
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Factors that helped set the stage for a large-scale outbreak included:

e Consecutive years of severe drought in the late 1990s and through the middle of the first decade
of the 2000s, putting already densely populated stands under severe stress.

e Funding for pre-commercial and commercial thinning to reduce stand density during the decade
leading up to and including the outbreak did not keep pace with the rate of bark beetle outbreak
spread.

e Limited accessibility of terrain (only 25% of the outbreak area was accessible due to steep slopes,
lack of existing roads, and land use designations such as Wilderness that precluded treatments
needed to reduce susceptibility to insects and disease).

e Decline in public acceptance of large-scale timber management practices in the last part of the
20th century. This lack of public acceptance, compounded by national and international market
forces and the relatively low commercial value of Lodgepole Pine, contributed to a corresponding
decline in the timber industry. (The timber industry in the Rocky Mountain Region has declined
by 63 percent since 1986).

Data Sources:

Wyoming Weed and Pest Council: http://www.wyoweed.org/

4.3.1.7 Sensitive Species

The Wyoming Natural Diversity Database (WYNDD) lists vegetative Species of Concern (SOC) or Species of
Potential Concern (SOPC) which have been documented within the study area. The database was queried,
identifying 31 plants as SOC or SOPC. The results are presented in Appendix 4E.

4.3.2 Fish and Wildlife

4.3.2.1 Fisheries

The Wyoming Game and Fish Department uses a stream classification system to identify and rank the
most important coldwater recreational fisheries, and to assess the relative potential impacts of proposed
development projects to streams. Categories are based on pounds of trout per mile based on the WYGFD
population monitoring data and include:

e Blue Ribbon (national importance) >600 pounds per mile,

e Red Ribbon (statewide importance) 300 to 600 pounds per mile,
e Yellow Ribbon (regional importance) 50-300 pounds per mile,

e Green Ribbon (local importance) <50 pounds per mile.

Figure 4.3-7 shows the stream classifications within the Bitter Creek/East Flaming Gorge Watershed. Trout
are present within the project study area because it includes the Green River, Flaming Gorge Reservoir,
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and tributaries to the reservoir. There are no trout in the Bitter Creek / Killpecker Creek watershed. The
Green River is classified as a Red Ribbon stream (300 to 600 Ibs/mile) and the tributaries to Flaming Gorge
are classified as Green Ribbon waters (Red Creek, Sage Creek, and Currant Creek).

Crucial corridors were identified using professional judgement by considering uniqueness of the river
corridor, species present, presence of and/or lack of migration barriers, degree of departure from historic
conditions (some are presently functioning near their historic potential) and importance for providing
connectivity between source and sink localities. Bitter Creek and Green River are identified as crucial
stream corridors.

The Species of Greatest Conservation Need (SGCN) classification was developed as part of Element 1 of
the Congressional guidelines for State Wildlife Action Plans (SWAPs). The SGCN designation is reserved
for species whose conservation status warrants increased management attention, and funding, as well as
consideration in conservation, land use, and development planning in Wyoming. The Bitter Creek/East
Flaming Gorge Watershed is home to several fish species designated as SGCN (Figure 4.3-8), including the
Flannelmouth sucker, Colorado River Cutthroat, and Bluehead Sucker. The SWAP reports for these three
species and a document detailing the Wyoming SGCN designation can be found in the digital library
submitted with this report.

Reservoir construction, water development, and drought have cut off migratory corridors,
degraded habitat, and encouraged spread of non-native fishes. Wyoming’s State Wildlife Action
Plan (SWAP) reports:

Although flannelmouth sucker were once widespread throughout the Colorado River basin, they
currently occupy approximately 45% of their historic range. Reasons for declines include dam
construction and operation as well as predation, competition and hybridization with non-native
fishes. The primary cause of declines in Wyoming is the risk of genetic introgression with widely
distributed non-native suckers. Although genetically pure individuals still exist throughout the
Green River drainage in Wyoming, upper Bitter Creek has the states’ only remaining population of
flannelmouth sucker that is isolated from non-native, hybridizing sucker species.

The Pierotto Ditch diversion structure, which is currently in the process of being reconstructed, is serves
as an incidental fish barrier, preventing the movement of non-native suckers and hybridization with the
flannelmouth sucker population. Reconstruction of the structure has been problematic; however,
completion is anticipated by Fall 2018.

4.3.2.2 Big Game
The Wyoming Game and Fish Department (WGFD) maps the seasonal ranges by herd unit for each big

game species and makes special note of areas listed as crucial habitat and parturition (birthing areas).
WGFD’s Crucial habitat, or range, is defined as those seasonal ranges or habitats (mostly winter range)

4.82 Anderson Consulting EnGineers, Inc.



€8’y

Known Ranges of Species of
Greatest Conservation Need (SGCN)
Sublette Fremont
County County
fug Sany " / - Flannelmouth Sucker
Colorado River Cutthroat
Sweetwater
fic - County , : )
) Colorado River Cutthroat &
pUENADRE HLLESP Flannelmouth Sucker
< bredi Bluehead Sucker, Colorado
oo - River Cutthroat &
Flannelmouth Sucker

Flannelmouth Sucker,

%’ Flannelmouth Sucker,

RN
Green River

Flannelmouth Sucker,

0249,8112MPIPS

32249 g’ 1591

/a

Bluehead Sucker,
Colorado River,Cutthroat
{Flannelmouth Sucker

30>

Custadt £ ol

Colorado River Cutthroat

Sweetwater
Flannelmouth Sucker

County

?/3 Colorado River

9540 895
> -

Cutthroat Wyoming WYOMING _w
—.’_;.”.L ORADO
o Colorado
| 9665 ft
|
|
|
J, ; s L BROWNS PARK 8117t
~ | L.
4 9789ft S4B e B ¥
B Ay o . s i < B
» ; §§ ,fj E( |-=" _ Browns Park Nat!
d 7o E4 < Wiklife Refuge
= o< \
i ‘:‘ Ve 2, Data Source:
fo: 4/ = 7o) % .. Woming Geospatial Hub
3 (= © Crog, ~ ' JUSGS National Hydrography Dataset
) s - Wyoming Game and Fish
N
P> Legend Figure 4.3-8 Bitter Creek/East
W TE : . ; Flaming Gorge Watershed:
s W City g FiAmIRGrEsmgR RSEsT Wyoming %amegand Fish Known
N = " .
5 10 “\_, Stream i___ICounties Ranges of Species of Greatest
L e— H
e —— Primary Roads Conservation Need (SGCN)

*ON| ‘su33INIDNJ DNILJNSNOD) NOSUIpNY



that have been documented as the determining factor in a population’s ability to maintain itself at a
certain level over a long period of time. In the Bitter Creek watershed, the primary big game present are
pronghorn antelope, elk, and mule deer. Approximately 784,313 acres (roughly 43 percent of the study
area) have been determined to be crucial habitat for one or more of antelope, elk, or mule deer. Of the
big games species mapped by the WGFD, only elk and mule deer have parturition areas within the
watershed. The parturition area totals only 67,207 acres (approximately 3.7% of the study area).
According to the Game and Fish data provided, moose may utilize a small western portion of the study
area, west of the Green River, but only as seasonal range.

Figures 4.3-9 through 4.3-11 display the WGFD seasonal range, crucial range, parturition areas, and
migration corridors for antelope, elk, and mule deer, within and immediately adjacent to the study area.
Examination of these figures shows that the majority of the watershed is classified as seasonal range for
the big game species. The crucial ranges and parturition areas of the primary big game species within the
watershed were aggregated individually and are shown in Figure 4.3-12. The figure shows that the crucial
range of the three primary species is generally concentrated in the northern and southwestern portions
of the watershed. The crucial ranges are located north of 1-80 in the Leucite Hills and Killpecker Creek
Basin, as well as east of Flaming Gorge Reservoir, and in the highlands near Potter Mountain. As previously
mentioned, the crucial ranges tend to be winter range areas where foraging is easier due to lower snow
depths, and the landscape provides some sort of thermal cover (BLM, 2008). The parturition areas for elk
and mule deer are located in the highlands near Antelope Hills and Leucite Hills in the northernmost
portion of the watershed. Elk have additional parturition areas in the highlands near Little Mountain and
the O-Wi-Yu-Kuts Mountains on the south side of the watershed. These areas provide particularly good
security cover and succulent forage (BLM, 2008). No parturition areas for antelope are located within the
study area.

In an effort to address declining mule deer populations, the WGFD published “Recommendations for
Managing Mule Deer Habitat in Wyoming” (2015) which is included with the digital library delivered with
this report. The document provides management recommendations related to seasonal mule deer diet,
important vegetation types, human disturbance (fences, roads), predators and invasive species. The
Wyoming Wildlife Federation (WWF) has created a conservation and outreach program for the Red Desert
to Hoback Basin migration corridor which is the longest mule deer route in the continental US. The
program will work with private landowners and the public to conserve seasonal habitats and this vital
migration corridor. Additionally, the Sublette deer migration corridor was formally designated under the
Migration Corridor Strategy by the Wyoming Game and Fish Department in 2016. This will allow for an
assessment and the development of proactive management actions in the corridor, improving
permeability between winter and summer ranges.

4.3.2.3 WGFD Priority Areas

As part of the WGFD Strategic Habitat Plan Revision (2015), previously existing priority habitat areas
within the state were refined into Goal 1 Crucial Priority Areas and Goal 2 Enhancement Priority Areas for
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both aquatic and terrestrial terrain (Figure 4.3-13). “Combined” areas were created where significant
overlap occurred between aquatic and terrestrial areas. As defined by WGFD at:
https://wgfd.wyo.gov/Habitat/Habitat-Plans/Habitat-Priority-Areas.

“Goal 1 Crucial Priority Areas are based on significant biological or ecological values. These are
areas that need to be protected or managed to maintain viable healthy populations of terrestrial
and aquatic wildlife for the present and future. They represent habitat values and identify where
those values occur on the landscape. Examples of values include crucial winter range, sage grouse
core area seasonal habitats, Species of Greatest Conservation Need (SGCN) diversity and
uniqueness, quality and condition of vegetative communities, movement corridors, quality of
watershed hydrologic function, etc. The Department will concentrate habitat protection and
management activities in these areas.”

“Goal 2 Enhancement Habitat Priority Areas represent those with a realistic potential to address
wildlife habitat issues and to improve, enhance, or restore wildlife habitats. These areas offer
potential for improving habitat and focusing Department habitat efforts. They may overlap crucial
areas or be distinct from them. Enhancement areas are based on habitat issues. Like crucial areas
where values are key, issues were identified by regional personnel and used to select enhancement
habitat areas. Examples of issues include loss of aspen communities, habitat fragmentation,
development, loss of connectivity, water quality effects, water quantity limitations, beetle killed
conifer, lack of fish passage, loss of fish to diversions, degraded habitat, etc.”

Review of the WGF Crucial Habitat Area Narratives (available at https://wgfd.wyo.gov/Habitat/Habitat-
Priority-Areas/Statewide-Maps/Green-River) provides the following information regarding sensitive

habitat within the study area. Full relevant habitat narratives have been downloaded and included with
the Digital Library included with this report. The following paragraphs were extracted directly from the
narratives provided by WGFD for crucial and enhancement priority areas:

Little Mountain and Flaming Gorge (Goal 1 Combined Crucial Area)

e Habitat Value:

High value recreational sport fishery, unique reptile community, water quality, a large area of
deep-water habitat with productive shorelines, Colorado River cutthroat trout habitat.
Exceptionally diverse and productive vegetation communities. Important seasonal, yearlong, and
crucial winter ranges for the South Rock Springs Elk, Deer and Pronghorn Herds and a portion of
the Uinta Moose Herd. Year long sage grouse habitat, designated as a Governor’s Sage-grouse
Implementation Team (GSGIT) sage-grouse core breeding area; contains a significant number of
leks. Habitat for juniper obligate bird and mammal species. Habitat for a large assemblage of
Species of Greatest Conservation Need (SGCN).
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e Reason Selected:

Crucial winter range for elk, mule deer, pronghorn, a Governor’s Sage-grouse Implementation

Team (GSGIT) sage-grouse core breeding area and a large number of SGCN. Unique reptile

community. Habitats in this area are extremely diverse and unique in Wyoming. Landscape scale

ecosystem restoration efforts have been ongoing for the past 18 years.

e Primary species or assemblages of species:
Colorado River cutthroat trout (NSS2), coldwater sportfish species, midget faded rattlesnake
(NSS2), mule deer, elk, greater sage grouse

e Solutions or actions (partial list):

o Advocate habitat protection and minimize habitat impacts from energy development
activities.

o Pursue and accept development-limited easements for private lands on the east side of
Flaming Gorge Reservoir as a contributing strategy for protecting important habitats.

o Promote sound livestock grazing practices. Investigate and develop opportunities for forage
reserve grazing management on the east side of Flaming Gorge Reservoir.

o Manage elk and moose population levels so that aspen, willow, water birch, currant,
chokecherry, and other mountain shrubs are not inhibited or suppressed by excessive
browsing. Ensure wildlife is managed so these vegetative communities are allowed to restore
vigor and maintain diverse age class structure.

o Enhance watershed segments that maintain potential for restoring woody riparian
vegetation, and subsequently encourage expansion of beaver colonies into suitable habitat
where populations can be sustained over the long term.

o Additional Information (partial):

This is the only area in Wyoming inhabited by the midget faded rattlesnake. This area is under
increasing threat from a variety of energy development proposals, including wind farms, oil and
gas development, and major energy corridors. Heavy sediment and phosphorus loading of
tributary rivers and streams entering Flaming Gorge Reservoir encourages eutrophic aquatic
conditions and accelerates sediment deposition that buries or degrades important underwater
structural habitat features.

Red Desert - Bitter Creek (Goal 1 Combined Crucial Area)

e Habitat Value:
Upper Bitter Creek from Thayer Junction upstream to the headwaters area near Ft. La Clede
supports a viable population of genetically pure flannelmouth suckers. Seasonal, yearlong, and
crucial winter ranges for the Bitter Creek Pronghorn Herd, South Rock Springs Mule Deer Herd,
and the Petition Elk Herd. Uplift areas provide especially important seasonal habitats for deer
and elk. Year long sage grouse habitat, designated as a Governor’s Sage-grouse Implementation
Team (GSGIT) sage grouse core breeding area; contains a significant number of leks.
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e Reason Selected:
Upper Bitter creek supports one of the last native flannelmouth sucker populations remaining in
Wyoming that have not yet experienced hybridization with white suckers, which warrants
protection of the population and their habitat. Crucial winter range for elk, mule deer, pronghorn,
a Governor’s Sage-grouse Implementation Team (GSGIT) sage-grouse core breeding area and a
large number of SGCN.
e Primary species or assemblages of species:
Flannelmouth sucker (NSS1), midget faded rattlesnake (NSS2), elk, mule deer, pronghorn, greater
sage-grouse (NSS2)
e Solutions or actions (partial list):
o Coordinate with landowners to gain support and approval for installing a fish passage barrier/
grade control structure in Bitter Creek upstream of Rock Springs and near the confluence of
Salt Wells Creek to facilitate future chemical treatments to expand the native fish assemblage
in upper Bitter Creek.
o Advocate habitat protection and minimize habitat impacts created by energy development
activities.
o Advocate sound livestock grazing practices.
o Additional Information (partial):
Bitter Creek supports what is thought to be one of the last known native flannelmouth sucker
populations remaining in Wyoming that have not yet experienced hybridization with white
suckers.

Sage Grouse Core Areas (Goal 1 Terrestrial Crucial Area)

e Habitat Value: Sage-grouse core areas.

e Reason Selected: Sage-grouse core areas designated by the Governor’s Office are described as
those areas capable of maintaining habitats and viable populations of sage-grouse where they are
most abundant. On a statewide basis, they include habitats and existing populations for at least
two-thirds of the sage-grouse in Wyoming.

e Primary species or assemblages of species:

Mule deer, pronghorn, elk, sage thrasher, sage sparrow, and Brewer’s sparrow.

e Solutions or actions (partial list):

o Maintain the functionality and integrity of sage-grouse core areas.

o Seek opportunities for habitat enhancement, preservation and protection through
partnerships and agreements with USFS, BLM, State Land Board and private landowners to
maintain these areas. Possible actions include protecting and maintaining core area values
through conservation easements, public/private land exchanges and federal land
management agency management plans.

o Habitat preservation and enhancement through management of WGFC property rights and
implementation of existing management goals and objectives found in the Managed Land and
Access Summaries for the WHMAs identified above.
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o Additional Information (partial):
Many natural or human-caused impacts can impact or even eliminate the functionality of these
habitat components. These include wildfire, livestock grazing, invasive plants, and energy
development. The core areas primarily reflect breeding habitats characterized by sagebrush
communities associated with high lek densities.

Little Mountain (Goal 2 Aquatic Enhancement Area)

e Habitat Issues: Increasing demands for energy development and other land uses in the Green
River watershed cumulatively threaten water quality and physical habitat in Flaming Gorge
Reservoir. Potential energy development activities in the east side Flaming Gorge area threaten
to fragment and degrade life stage habitat needs of numerous aquatic and terrestrial species
including endemic reptiles. Excessive browsing of aspen regeneration by elk is suppressing or
killing re-growth and threatening the long-term health or existence of aspen habitat.

e Reason Selected: Continued implementation of a landscape scale ecosystem restoration effort
that has been ongoing for the past 24 years. Nearly 3 million dollars have been spent on this
ecosystem restoration effort to date, and this landscape warrants protective measures to
promote sound habitat function for the future

e Primary species or assemblages of species:

Beaver, Colorado River cutthroat trout (NSS2), mountain sucker (NSS3), cold water sportfish

species, midget faded rattlesnake (NSS2), ornate tree lizard (NSS2)

e Solutions or actions (partial list):

o Advocate habitat protection and minimize habitat impacts created by energy development
activities.

o Pursue and accept development-limited easements for private lands on the east side of
Flaming Gorge Reservoir as a contributing strategy for protecting important habitats.

o Promote sound livestock grazing practices. Investigate and develop opportunities for forage
reserve grazing management on the east side of Flaming Gorge Reservoir to maintain sound
rangeland and watershed health.

o Manage elk and moose population levels so that aspen, willow, water birch, currant,
chokecherry, and other mountain shrubs are not inhibited or suppressed by excessive
browsing. Ensure wildlife is managed so these vegetative communities are allowed to restore
vigor and maintain diverse age class structure.

e Additional Information (partial):

Enhancement strategies are centered on the concept that healthy riparian areas are a product of

sound upland habitat, and together function as a basin-wide ecosystem.

Note that the “Solutions or actions” and “Additional information” in the sections above have been
abbreviated. Individual priority area narratives were downloaded, and a complete version can be found
in the Digital Library delivered with this report or online at the link mentioned above. The Sands and Big
Game Goal 1 Crucial Terrestrial Areas, as well as the Lower Green River Corridor Aquatic Goal 2
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Enhancement Area are also in the watershed, but individual priority area narratives were unavailable for
these areas at the time of this report.

Management Implications:

While there may be regulations related to timing stipulations on activities within habitat priority
areas (ex: no human disturbance November 15" to April 30'"), the fact that a project proposed in
Chapter 6 is within these priority areas does not preclude it from development. The priority areas
are not so much a regulatory delineation, but more of a way for WGFD to determine the best
locations to spend their money, time and energy. In fact, if a proposed project in a priority area
enhances wildlife habitat, funding through WGFD Trust Fund and the Wyoming Wildlife and Natural
Resource Trust (WWNRT) might be available.

4.3.2.4 Wild Horses

Following passage of the Wild, Free-Roaming Horse and Burro Act in 1971, BLM was charged with
management of wild horses and burros in "herd management areas" (HMAs). The BLM’s goal is to ensure
and maintain healthy wild horse populations on healthy public lands. To do this, the BLM works to achieve
what is known as the Appropriate Management Level (AML) — the point at which wild horse and burro
herd populations are consistent with the land’s capacity to support them. Each Herd Management Area
(HMA) has its own AML. When AML is exceeded, the excess animals are to be removed and then prepared
for adoption or sent to off-range pastures.

A majority of the project study area, is designated as an HMA, as indicated in Figure 4.3-14. The Salt Wells
Creek HMA stretches from US 191 to the eastern boundary of the watershed, south of I-80. The Divide
Basin HMA covers the land north of 1-80 and east of Superior. The Wild Horse Holding Facility in Rock
Springs is the only federal off-range corral and preparation facility in Wyoming and houses approximately
800 wild horses.

Laws driving the BLM’s management are described in the “Environmental Assessment for Adobe Town,
Salt Wells Creek, and the Great Divide Basin Herd Management Areas and Wild Horse Gather” (BLM,
2017):

43 CFR Section 1333(b) (2) of the Wild and Free Roaming Horse and Burro Act (WFRHBA, Public
Law 92-195), as amended, section 302(b) of the Federal Land Policy and Management Act of 1976
(FLPMA, Public Law 94-579), and Section 2(b)(4) of the Public Rangelands Improvement Act of
1978 (PRIA, Public Law 95-514). The WFRHBA provides that the Department of the Interior
“manage wild free-roaming horses and burros in a manner that is designed to achieve and
maintain a thriving natural ecological balance on the public lands” (Section 1333(a), as amended).
The WFRHBA also provides that “If wild free-roaming horses or burros stray from public lands onto
privately owned land, the owners of such land may inform the nearest Federal marshal or agent
of the Secretary, who shall arrange to have the animals removed” (Section 1334, as amended).
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Historically the BLM has encountered challenges with managing these HMAs due to the presence
of a “checkerboard” landownership pattern, in which every other section is public lands, and the
alternate sections are private and state-owned lands. While the Rock Springs Grazing Association
(RSGA) (the primary private landowner in this area) had previously allowed wild horses to utilize
their private lands, in 2011 they notified the BLM that wild horses were no longer welcome on their
private lands and requested that the BLM remove them in accordance with Section 4 of the
WFRHBA (16 U.S.C. 1334). This section of the Act requires the BLM to remove wild horses from
private lands after receiving a written request from the landowner to do so.

This led to a legal challenge by the RSGA against the BLM in Rock Springs Grazing Association v.
Salazar, No. 11- CV-00263-NDF, (D. Wyo.). This proceeding was settled when on April 3, 2013, the
United States District Court for Wyoming approved a Consent Decree and Joint Stipulation for
Dismissal (hereafter referred to as the “Consent Decree”). The court found this decree to be a
“fair, reasonable, equitable and adequate settlement of RSGA’s claims against the BLM, and which
does not on its face violate the law or public policy.”

In November 2013, the BLM conducted a gather in the Adobe Town and Salt Wells Creek HMAs to
remove wild horses on public and private lands within the HMAs. During this gather the BLM
removed 586 wild horses from private and public lands within these HMAs. The BLM treated 40
mares with Porcine Zona Pellucida-22 (PZP, a fertility control drug) and released them back into
the Adobe Town HMA. Once wild horses had been removed to low AML, the BLM concluded gather
operations leaving some wild horses still within the checkerboard portions of the HMA.

Following this gather the RSGA notified the BLM that they believed this gather was not conducted
in accordance with the Consent Decree, which they felt required that the BLM remove all wild
horses from the checkerboard lands. In response to this the BLM conducted a removal in
September of 2014. The removal of all wild horses from the checkerboard was conducted solely
under Section 4 of the WFRHBA. During this removal the BLM removed a total of 1,263 wild horses
from the Adobe Town, Salt Wells Creek, and Great Divide Basin HMA:s.

The decision to conduct the 2014 gather was challenged in American Wild Horse Preservation
Campaign v. Jewell, No 14-cv-152-NDF (D. Wyo.). On March 3, 2015, the U.S. District Court
affirmed the BLM actions under the WFRHBA, but remanded the BLM actions under NEPA. The
decision of the District Court was appealed to the United States Court of Appeals for the Tenth
Circuit. On October 14, 2016, the Court of Appeals reversed the decision of the District Court, and
held that BLM had violated both the WFRHBA and the Federal Land Management and Policy Act
of 1976 (FLPMA). The Court of Appeals ruled that the BLM had erroneously relied on its authority
to remove strayed animals on private lands under Section 4, to remove animals from public lands.
The Court of Appeals also held that the BLM had violated FLPMA by failing to maintain AML within
the HMAs.
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To comply with these decisions, BLM proposed in August 2017 to gather and remove excess wild horses
to Low AML from the three HMAs. An Environmental Impact Assessment (EIS) was prepared in accordance
with the National Environmental Policy Act (NEPA) to evaluate the environmental effects of the gather
operations and population control methods to achieve and maintain the established AMLs. The EIS also
evaluated the effects of removing horses from private lands outside of the HMA boundaries.

According to the Rawlins Resource Management Plan (BLM, 2008), the BLM’s objectives are to:

1) Maintain wild horse populations within the AML of the HMA
2) Manage wild horses to meet the Wyoming Standards for Healthy Rangelands

3) Identify existing genotypes and phenotypes through recognized means of genetic evaluation
and maintain genetic integrity

4) Maintain the health of wild horse herds at a level that prevents adverse effects to domestic
horse populations

5) Maintain habitat for existing AMLs

6) Conduct all activities in compliance with relevant court orders and agreements

The BLM ultimately selected Alternative B: Remove Excess Animals to Lower Limit of AML without Fertility
Control. Under this alternative (BLM, 2017):

Approximately 1,560 excess wild horses would be removed from the Adobe Town, Salt Wells Creek,
and Great Divide Basin HMAs. Approximately 513 excess wild horses would be removed from the
Adobe Town HMA, 725 excess wild horses would be removed from the Salt Wells Creek HMA and

322 excess wild horses would be removed from the Great Divide Basin HMA.

According to the April 2017 census, the wild horse populations and HMA AMLs are as presented in Table
4.3-3. Additional information can be found in the complete BLM Environmental Assessment (Aug 2017)
included in the digital library submitted with this report.

Table 4.3-3 Projected Population 2017.

2017 Statistically Corrected Census Counts
HMA AML April 2017 Census
Adobe Town 610-800 1,123
Salt Wells Creek 251-365 976
Great Divide Basin 415-600 737
Total 1,276-1,765 2,836

[Table pulled directly from the BLM Environmental Assessment, August 2017]

4.3.2.5 Sage Grouse

The US Department of Interior decided in September of 2015 that the Greater Sage Grouse (Centrocercus
urophasianus) does not require federal protection under the Endangered Species Act. However, it is still
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recognized as a sensitive species by the BLM and a Species of Greatest Conservation Need (SGCN) by
WGFD. The sage grouse is not listed as a Threatened or Endangered species and does not receive any
protections from the Endangered Species Act; however, BLM and WGFD have developed restrictions and
recommendations to help protect the sage grouse.

In June 2008, Executive Order 200<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>