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1.0 Introduction

Olsson Associates (Olsson) prepared the Thunder Basin Phase Il, Lance and Lightning Creek
(L&LC) Watershed Management Plan for the Wyoming Water Development Commission in
accordance with Contract No. 055C0293618. The plan was prepared in association with ESCO
Associates (ESCO) of Boulder, Colorado, Steady Stream Hydrology, Inc. of Sheridan,
Wyoming, and Wester Westein & Associates of Laramie, Wyoming. The plan was prepared on
behalf of the watershed landowners and the project sponsors including the Thunder Basin
Grazing Association (TBGA), the Thunder Basin Grasslands Prairie Ecosystem Association
(TBGPEA), and the two conservation districts that are represented in the Thunder Basin L&LC
Watershed (Converse and Niobrara).

1.1 Purpose and Scope

The purpose of this Watershed Management Plan is to describe Thunder Basin L&LC
watershed in its current condition, to suggest resolutions for any water related issues and
provide insight into opportunities identified. Figure 1.1-1 provides a general location map and
Map la-le provides detailed watershed study boundaries with Township and Range information
across the study area. As illustrated in Figure 1.1-1, the current study is directly south of a
Level | study completed by the same team in 2009 (Olsson, 2009). Both Level | watershed
studies include an extensive inventory and description of the watershed with scientific
information on geology, hydrology, soils, climate, plant communities, wildlife habitat,
infrastructure, and the geomorphic characteristics of the watershed stream system. The
information gathered is intended to be used to develop proposed watershed improvements.
Specific to this study, the project sponsors have requested an evaluation of surface and
groundwater availability, the potential to develop upland livestock and wildlife water resources,
and the potential to develop and enhance additional irrigation systems and water storage.
Proposed projects are listed in the report and include cost estimates as well as information on
project financing opportunities and project permitting considerations.

South Dakota

Angostura Reservoir
Dry Fork Cheyenne

Lightning

Homa Hills
I~ Legend
IC] CurrentLevel 1 Watershed Study Area

Completed Level 1 Watershed Study Area

] county

Nebraska

Figure 1.1-1 General Study Area Location Map of Thunder Basin and Thunder Basin L&LC Watershed Study Areas

OLSSON Project No. 010-1333 Page 1



Wyoming Water Development Commission Thunder Basin L&LC Watershed Management Plan
WWDC Contract # 05SC0294198 Level | Watershed Study

1.2 Project Geographic Information System (GIS)
The information gathered as part of the Level | watershed study is compiled into a Geographic
Information System (GIS) dataset. A list of the GIS layers developed for this project is provided
in Data Summary 1.2-1 (In Appendix A). The GIS dataset is an electronic repository of the
information gathered during the description and inventory phase of the project. With the GIS
datasets, the user has the opportunity to overlay a series of maps to discern patterns and/or site
proposed projects. The information includes mapped datasets on soil, geology, vegetation,
wildlife, and infrastructure that is represented in a series of layers that can be “turned on” or
“turned off” electronically. For the Thunder Basin L&LC project for example, the GIS maps were
used by our hydrologists to differentiate the geomorphologic characteristics of the streams and
to identify the potential impacts to wetlands and/or infrastructure at potential water storage sites.

Each map in this report contains a list of the data sources. The sources of information also are
listed electronically in the metadata files for the layers. The major sources of data for the maps
are as follows:

Natural Resources Conservation Service (NRCS)

U.S. Bureau of Land Management (BLM)

U.S. Bureau of Reclamation

U.S. Environmental Protection Agency (EPA)

U.S. Department of Agriculture (USDA)

U.S. Farm Service Agency (FSA)

U.S. Forest Service (USFS)

U.S. Fish and Wildlife Service (USFWS)

U.S. Geological Survey (USGS)

Wyoming Department of Environmental Quality (WDEQ)
Wyoming Game and Fish Department (WGFD)
Wyoming Geographic Information Science Center (WyGISC)
Wyoming Oil and Gas Commission

Wyoming State Engineer’s Office (WSEO)

Wyoming State Geological Survey (WSGS)

Wyoming Water Development Commission (WWDC)

The information gathered for the Thunder Basin L&LC Watershed Study is presented in maps
and datasets described throughout this report. The two-dimensional maps represent three-
dimensional features and therefore the datasets were transformed using the Universal
Transverse Mercator System (UTM), Zone 13 north. As specified in the contract, the GIS data
is provided in electronic format using ArcGIS version 10.0 which is the current industry standard
for GIS datasets.

1.3 Overview of Study Area Key Issues

Thunder Basin L&LC watershed lies in the northeast portion of Wyoming and includes Lance
and Lightning Creeks which are the primary tributaries to the Cheyenne River System. The
watershed is located in central and east Converse and central Niobrara counties (Maps la-le,
Study Area Location). The watershed encompasses approximately 1,572,390 acres of primarily
grassland. The area has a robust livestock industry as well as mining and oil and gas
development. For approximately ten years starting in 2000, the area has been abnormally dry
and the drought conditions have exacerbated the need for additional water development and
distribution.
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The TBGA and TBGPEA, in conjunction with the two conservation districts (Converse and
Niobrara), the BLM, NRCS, WWDC and other government agencies, have been promoting
watershed improvement projects and best management practices across the area. With the
extended drought conditions and the prospect of additional project support through the WWDC,
the TBGA, TBGPEA, and the conservation districts decided to promote the completion of this
Level | study in order to provide a comprehensive, multidisciplinary watershed management
plan that will identify and begin to address the key issues facing the area. The intent was to
produce a watershed management plan that would take into account the landowners’ requests
for future project improvements and also provide a comprehensive understanding of the current
conditions of the watershed so that projects that will benefit a multitude of landowners and
recreational visitors could be coordinated across the area.

In order to solicit landowner involvement and input, this project began with a series of bimonthly
project meetings where information was solicited on specific project initiatives such as irrigation
system upgrades, upland water development (wells), surface water storage, stream, rangeland
enhancements as well as funding opportunities. Figure 1.3-1 depicts the project meeting
information request forms sent to landowners across the project area. Responses from the
request for information were compiled into a project database.

Thirty-nine, approximately 10 percent, of the landowners across Thunder Basin L&LC
watershed responded to the request for information. Twenty-one landowners had no specific
projects for evaluation; however, they asked to be kept informed of the project status. Three of
the landowners had ranches outside of the watershed boundary. Based on their response, the
WWDC and project sponsors decided to expand the areal extent of the project by including
portions of Hat and Angostura Reservoir watersheds that are contiguous with Lance and
Lightning Creek east to the South Dakota and Nebraska borders.

Of the remaining eighteen responses, four requested irrigation system evaluations, nine
requested information on well development opportunities, eleven requested information on
water storage sites and three were interested in stream and rangeland enhancements.
Landowners that requested evaluation and granted site access were visited by the project team.
Specific issues raised at project meetings, during the site visits, and in written responses
included:

e Irrigation Systems — Less than 1 percent of Thunder Basin L&LC is irrigated and
spreader dike systems are used as the standard for water distribution. There
were several requests to upgrade spreader dike systems.

e Groundwater Well Development — Additional stock and wildlife water supplies are
needed throughout the basin to enhance range conditions and habitat
restoration. Solar wells were requested with pipelines, as needed, to encourage
rotational grazing and reduce the distance cattle and wildlife must travel to water.

e Water Storage Sites — Most ranchers are interested in either rehabilitating
existing small stock watering ponds or installing new small structures. There
were a few ranchers that were interested in medium to large reservoirs, however,
it was suggested that before any additional investigation be done on the larger
structures that a water rights evaluation be completed.

o Rangeland/Riparian Conservation — Questions arose about what grasses would
perform best in specific soil types with minimal precipitation and the increased
frequency of grass fires.
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With these specific key issues identified, the project team began a comprehensive evaluation of
the watershed. The first stage of the study involved compiling a description and inventory of
Thunder Basin L&LC watershed, as is described in the next section of this report.

[T N\

Thunder Basin Watershed Improvement Study: Lightning and Lance Creeks
POTENTIAL PROJECT INFORMATION FORM

Mame:

Street Address:
City/State/Zip:
Location of property or allotment {township, range, section):

Phone Mumber

E-mail Address:

What iz the bast way to contact you? (please check) __mail ___ phone __ e-mail

What improvement projects would you like to see evaluated as part of this watershed study?

Do you want an irrigation system evaluation? __yes no
If 50, do you have a project in mind? Please describe.

Do you want an upland well development evaluation? __wes no
If s0, do you have a project in mind? Please describe.

Do you want 2 water storage evaluation? __yes no
If so, do you have a project in mind? Please describe.

Do you want a stream/rangeland enhancement evaluation? _ yes no
If s0, do you have a project in mind? Please describe.

Otther comments or ideas? [Please feal free to use the back of this form, if needed.)

Thank you for your commenits!
Please return this form in the erwveloped included by August &, 2010, July 2110

Figure 1.3-1 Landowner Request for Information Form
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2.0 Watershed Description

The following section provides a description of the natural environmental features and resources
of the Thunder Basin L&LC watershed. References are noted throughout the text and are listed
in Section 9.0 to afford the reader sources of additional information on the specific topics
discussed in this document.

2.1 Natural Environment

211 Basin Description

The Lightning and Lance Creek watersheds lie within the Powder River Basin, a geologic
structural basin that is part of the Missouri Plateau of the Great Plains (Trimble, 1980). A
structural basin is a geologic feature that is formed by rock strata dipping at various angles to a
centralized area. The rock layers in the Powder River Basin were tilted from uplift of several
structural features in the region, including the Big Horn Mountains and Casper Arch on the west,
the Black Hills to the east, and the Hartville Uplift and Laramie Mountains to the south. To the
north, the basin gently slopes upward towards the Miles City Arch, although the surface terrain
in this area cannot be distinguished from the rest of the Missouri Plateau (Keefer, 1974). The
region is characterized by rolling uplands dissected by tributaries of the Missouri River system.
The Lightning and Lance Creek watersheds exist along the southern edge of the basin.

The study area watersheds consist of a dissected, rolling upland plain with low to moderate
relief. The north to northeast oriented dissecting valleys originate along the southern edge of the
study area in the uplands of the Hartville Uplift area. Buttes, mesas, hills, and ridges are present
throughout the region, especially along the southern boundary of the Lightning watershed and
throughout much of the southern and eastern portions of the Lance Creek watershed.
Elevations range from 5,622 feet in the southwest area of the Lightning watershed to 3,693 feet
in the far northeast corner of the Lance Creek watershed (Map 2, Ground Elevation Map). The
present-day landforms have been shaped mostly by water action, even though modern-day
precipitation is low and is greatly exceeded by evaporation. The incised drainages crossing the
study area are mostly ephemeral or intermittent, and do not provide permanent sources of water
along the entire drainage reaches. Runoff from surface precipitation can in places be
augmented by groundwater-fed springs and seeps from shallow aquifers, particularly in the
upper reaches of tributary drainages in the Lance Creek watershed (BLM, 2003).

2.1.2 Climate

2.1.2.1 Climate Overview

The climate of the Thunder Basin L&LC watershed can be classified as semiarid, steppe in the
Kdéppen climate classification system. The climate is influenced by several nearby and distant
mountain ranges including the Absaroka and Wind River mountains approximately 200 miles to
the west, the Bighorn Mountains approximately 75 miles to the northwest and the Laramie
Mountains approximately 30 miles to the southwest. The Black Hills, about 50 miles to the
northeast in western South Dakota, also influence the watershed. Moisture from the Pacific
Ocean transported by westerly winds is primarily blocked by the Absaroka and Wind River
mountains through autumn, winter and spring. During the summer months thunderstorms that
develop on the eastern slope of the Bighorn and Laramie mountains can affect the watershed.
During the winter months, Thunder Basin L&LC watershed is exposed to cold air masses that
migrate down from western and central Canada. Periods of extreme cold air can persist for
several days in the watershed. Down slope flow conditions, air moving from higher elevation to
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lower elevation from the Bighorn Mountains, Laramie Mountains, and Black Hills, can warm the
air and reduce humidity levels.

2.1.2.2 Drought Conditions in Wyoming

The U.S Drought Monitor and the U.S. Drought Monitor maps for Wyoming use a scale referred
to as the U.S. Monitor Intensity Scale. The scale is based on the combination of individual
drought indices. The definition for each level of the scale, ranging from DO to D4, is included on
the U.S. Drought Monitor maps. In October 2010, most of the watershed was experiencing
abnormally dry conditions, drought intensity DO. The October 2010 map identified the extreme
western portion of the watershed as not experiencing drought conditions; however, caution
should be used in interpreting drought conditions for specific points on the U.S. Drought Monitor
map. The U.S. Drought Monitor maps are prepared across the entire country and specific
locations can experience different drought conditions than identified on the generalized maps.
Specific weather station data from Thunder Basin L&LC is provided in the next section. The
2010 U.S. Drought Monitor map (valid October 26, 2010) for Wyoming indicated moderate
drought conditions in portions of Goshen and Laramie Counties in the southeast corner of
Wyoming. Moderate drought conditions were identified in Sublette and Park Counties near the
Absaroka and Wind River mountain ranges. Abnormally dry conditions existed for
approximately half of Wyoming. According to the U.S. Climate Prediction Center, drought
conditions were not found in the Thunder Basin L&LC watershed in 2011.

2.1.2.3 Weather Stations and Historic Precipitation Records

Map 3, Weather Stations, identifies seven weather stations within relative proximity to the area
of interest in the Thunder Basin L&LC watershed. Of those, only the Redbird 1 NW weather
station continues to operate. The time period covered by each weather station is listed next to
each weather station in Table 2.1.2-1 (Western Regional Climate Center, 2010). Precipitation
records for each of the listed weather stations can be found in Appendix B. The average
monthly precipitation records, covering the years 1967 through 1978 for five of the seven
stations, are listed in Figure 2.1.2-1. The average annual precipitation is 16 inches per year at
the Redbird INW weather station. Historical records indicate mean annual snowfall from the
seven weather station locations varies from 26.4 inches at the Lance Creek 3 WNW weather
station to 73.3 inches at the Hat Creek 5E weather station. The period and extent of time
covered for each weather station varies considerably and therefore it may be inaccurate to
conclude that the range of mean annual snowfall values is due to spatial variation.

Table 2.1.2-1 — Precipitation Weather Stations Near Thunder Basin L&LC Watershed

Precipitation Station | Beginning Year | Ending Year
Bill 1948 1978

Hat Creek 1948 1967

Hat Creek 5 E 1967 1983
Keeline 3W 1953 1987

Lance Creek 3WNW | 1962 1984
Redbird 1 NW 1948 Ongoing
Spencer 10 NE 1917 1974
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Figure 2.1.2-1 Average Monthly Precipitation (in inches) for Years 1967 through 1978

2.1.2.4 Precipitation Zones

Isohyetals of average annual precipitation for the entire state of Wyoming indicate the western
portion of Thunder Basin L&LC watershed lies in a zone that receives less than 14 inches of
precipitation per year. This is in contrast to the northwest part of the state where average
annual rainfall is over 70 inches per year (Appendix B). This zonal average correlates well with
annual average precipitation values indicated by the seven weather stations in the Thunder
Basin L&LC watershed with Bill's average at 13.14 and Redbird at 15.92 inches of precipitation
per year.

2.1.25 Temperature Climate

The Spencer 10 NE weather station climate dataset contains 58 years of climate data, the
greatest amount of annual data of the seven weather stations in the watershed. Based on
Spencer 10 NE climate data, the highest monthly mean maximum temperature occurs in July
with a mean maximum monthly temperature near ninety degrees Fahrenheit (90° F). The
lowest monthly mean minimum temperature occurs in January with a mean monthly
temperature near five degrees Fahrenheit (5° F).

2.13 Vegetation and Land Cover

2.1.3.1 Overview

Based on precipitation records discussed in Section 2.1.2., the Thunder Basin L&LC area
receives on average up to 16 inches of precipitation per year. Periodic declines in moisture
delivery are responsible for conditions of moderate to severe vegetative stress, depending on
how long the precipitation stays below average. Through periods of near average or greater

OLSSON Project No. 010-1333 Page 7



Wyoming Water Development Commission Thunder Basin L&LC Watershed Management Plan
WWDC Contract # 05SC0294198 Level | Watershed Study

moisture availability, mid-grasses are visually and physically dominant. Shortgrass cover,
primarily blue grama (Bouteloua gracilis) is visually minimized during these times but upon
return of severe moisture stress and the decline of mid-grass cover, the shortgrass cover can
become visually dominant.

A representation of generalized vegetation conditions of Wyoming including the study area has
been made using satellite spectral imaging data by the Wyoming Gap Analysis Program
(www.wygisc.uwyo.edu/wbn/gap.html). This Land Cover/Vegetation map is presented in Map 4.
A more detailed evaluation of potential natural vegetation and the dynamics of plant
communities necessary to understand the way they exist on the ground are available by using
the soils-based description of ecological sites that has been completed by the NRCS. Ecological
sites of the project area are depicted on Map 5.

The bulk of upland vegetation is comprised of plant communities in which grasses are
predominant, both biologically, and visually. These grasslands appear mostly in the form of
mid-grass prairie in the eastern portion of the Study Area. In the uplands of the west and
southwest portions, the grass component is joined by a substantial presence of big sagebrush
(Artemisia tridentata, mostly subspecies wyomingensis). Shrub abundance varies both in
responses to substrates and climate but also in response to range condition. Stress can
encourage the establishment of shrubs as grass competition is lessened.

Based on current state and transition model information presented in the NRCS Ecological Site
Descriptions (ESDs), most ecological sites of the Study Area can be expected to come to
experience greater shrub cover as the effects of stress compound. It should be noted that
ESDs for most of the study area are currently being revised to incorporate ongoing research into
state descriptions and transition tipping points. This research suggests that grazing effects are
likely not responsible for the presence of sagebrush in all cases. Extended drought is also an
effective stressor. Some evidence also supports the view that sagebrush (and even abundant
sagebrush) is a natural plant community component and not a vestige of stress, with abundance
proportional to precipitation and snow cover (WGFD 2009). Ongoing research by TBGPEA
supports this view as well.

Using a conceptual model of plant succession, the USFS found less than 10 percent of the
nearby Thunder Basin National Grassland area (comprising approximately one-tenth of the
study area) had proceeded to the oldest (“late seral”’) stage in which big sagebrush was highly
abundant (USFS, 2007). Slightly more than one-third, on average, was in a less-developed
intermediate stage with moderate shrub presence. Slightly more than one-half of the area was
deemed to be in a relatively young stage, to intermediate stage, with comparatively little shrub
presence. The latter areas may include areas from which sagebrush had been cleared by fires,
with or without human involvement, or otherwise removed in cultivation or active range
management. Regarding the latter, the history of homesteading and range improvement in the
area has left scattered small areas of old or “go-back” fields that often after cultivation were
planted to crested wheatgrass (Agropyron cristatum). Typically, these areas subsequently have
been succeeded by native species, sometimes including big sagebrush.

Of the upland grassland and shrub-steppe vegetation, Thilenius et al, 1995 identifies the
following major plant community associations:

¢ Artemisia tridentata (Wyoming big sage)/ Bouteloua gracilis (blue
grama)/Pascopyrum smithii (western wheatgrass).
e Artemisia tridentata / Pascopyrum smithii
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e Bouteloua gracilis — Carex filifolia (threadleaf sedge)
o Hesperostipa comata (needle-and-thread) - Bouteloua gracilis

Besides the species included in the above community names, grasses including Junegrass
(Koeleria macrantha) and various bunch bluegrasses (now collectively referable to Poa
secunda, with common names including Sandberg bluegrass, Canby bluegrass, big bluegrass,
and alkali bluegrass), as well as the grass-likes threadleaf sedge (Carex filifolia) and needleleaf
sedge (Carex duriuscula) are common. On sandier sites, silver sagebrush (Artemisia cana) and
soapweed (Yucca glauca) may be common. Perennial forbs are numerous but not usually
abundant and such species as scarlet globemallow (Sphaeralcea coccinea), American vetch
(Vicia americana), scarlet gaura (Gaura coccinea), Hood’s phlox (Phlox hoodii), and silverleaf
scurfpea (Psoralidium argophyllum) are commonly present. Numerous annual plants are
present, though highly variable in abundance depending on the moisture pattern of a given year.
These plants include native species such as Indian plantain (Plantago patagonica), narrowleaf
collomia (Collomia linearis), false pennyroyal (Hedeoma hispida and H. drummondii), and six-
week fescue (Vulpia octoflora) in addition to non-native species such as alyssum (mostly
Alyssum desertorum), Japanese brome (Bromus arvensis) and cheatgrass (downy brome,
Bromus tectorum). The latter two species are winter annual plants that typically germinate in
late summer and fall. They are often sufficiently abundant to compete with, and significantly
reduce, the productivity of the native perennial species. This competitive advantage apparently
is promoted by their early establishment and pre-emptive use of moisture and perhaps nutrient
resources during the early growing season. Although palatable during early growing season,
their presence in the plant community is regarded as a negative because of limited later season
palatability, added fire hazard, and displacement of perennial plants.

Minor plant community components of the basin area include localized areas (Map 4, Land
Cover/Vegetation) of ponderosa pine/bluebunch wheatgrass (Pinus ponderosa /
Pseudoroegneria spicata) woodland underlain by sandy and rocky substrate (as well as salt-
affected sites underlain by members of the Fort Union and Lance formations that support
greasewood communities (Sarcobatus vermiculatus/ Pascopyrum smithii - Bouteloua gracilis) or
desert sub-shrubs such as Gardner’s saltbush (Atriplex gardneri) or birdsfoot sage (Artemisia
pedatifida).

2.1.3.2 Targeted Vegetation

Vegetational components that have particular importance with respect to water resources of the
Thunder Basin Water Management Area include the phreatophytic Russian olive (Elaeagnus
angustifolia) and salt cedar (Tamarix chinensis), both of which are listed noxious weeds in
Wyoming. These non-native shrubs / small trees are known to access stored moisture at great
depth and to transpire large amounts, diminishing both groundwater availability and stream
flows. Areas densely infested with salt cedar may be capable of removing from the soil (and
transpired through leaves and stems) 2.1 cubic meters per square meter per year (Horton and
Campbell 1974). This rate translates to approximately 6.9 acre feet per acre per year.

Salt cedar is capable of becoming established far from known populations and into areas with
only the slightest moisture accumulation. The USFS (2007) states that salt cedar has recently
begun to appear on the Cheyenne River as well as along some of its tributaries. The TBGA and
TBGPEA have partnered with the National Wild Turkey Federation and Converse County Weed
& Pest in an ongoing effort to control salt cedar and Russian olive on the Thunder Basin
National Grassland.
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Russian olive has been present in the basin for decades, having survived from early farmstead
plantings as isolated trees. This plant in other western U.S. drainage basins has exhibited a
period of benign presence followed by a rapid radiation, perhaps as a result of natural selection-
based adjustment to the environmental particulars of the region. From available evidence, it
would appear that a stage of rapid radiation has not begun in the study area.

If allowed to proceed, new establishment of stands of Russian olive and salt cedar can produce
dense thickets. This can, in turn, increase phreatophytic depletion of massive amounts of
shallow groundwater. Besides the loss of water, the dense thickets can be expected to shade
out and out-compete previously existing riparian species, including the native cottonwoods
(Populus deltoides) and willows (Salix spp.). Other noxious weeds present in the study area
include leafy spurge (Euphorbia esula) and diffuse knapweed (Centaurea diffusa) in the
Lightning Creek watershed (BLM, 2005) as well as occurrences of hoary cress (Cardaria draba),
diffuse knapweed (Centaurea diffusa), spotted knapweed (Centaurea maculosa), houndstongue
(Cynoglossum officinale), leafy spurge (Euphorbia esula) and Scotch thistle (Onopordum
acanthium) in Converse and Niobrara Counties documented between 2000 and 2011 (Rice
2011). The most abundant and the one most typical of moisture accumulation sites is Canada
thistle (Cirsium arvense). To the extent that any of these noxious weeds displace diverse native
plant communities to form extensive monocultures, they may not only diminish livestock and
wildlife forage values, but they may negatively influence watershed function.

In addition, the distribution of cheatgrass and Japanese brome across the watershed is of
concern. High prevalence of fine litter left by these plants can increase fire frequency and
extent. Fires tend to enhance the spread of annual bromes in many circumstances.

214 Soils

Soil surveys have been completed throughout the Lightning and Lance Creek watersheds and
are available online through the NRCS (http://SoilDataMart.nrcs.usda.gov/). Map 6 illustrates
the STATSGO (STATe Soil GeOgraphic) Soil Survey as prepared by the NRCS and Table
2.1.4-1 lists the acreages associated with each soil type. Additionally, the SSURGO (Soil
SURvey GeOgraphic) Soil Survey data is incorporated in the GIS dataset included
electronically with this report. The SSURGO Soil Survey map is too detailed to show at the
scale of the maps in this report.

As stated in the data description for the NRCS SSURGO Soil Survey map, the data set is a
digital soil survey and generally is the most geographically detailed level of soil data developed
by the National Cooperative Soil Survey. The information was prepared by digitizing maps, by
compiling information onto a planimetric-correct base and digitizing, or by revising digitized
maps using remotely sensed and other information. The data set consists of a detailed, field
verified inventory of soils and miscellaneous areas that normally occur in a repeatable pattern
on the landscape and that can be cartographically shown at the scale mapped. The SSURGO
Soil Survey map depicts information about the kinds and distribution of soils on the landscape.
The soil map and data used in the SSURGO product were prepared by soil scientists as part of
the National Cooperative Soil Survey.

Both the STATSGO and SSURGO Soil survey interpretations predict soil behavior for specified
soil uses and under specified soil management practices. For the purposes of this study, they
assist the planning of broad categories of land use such as cropland, rangeland, and
pastureland. Soil survey interpretations also help plan specific management practices that are
applied to specific soils, such as irrigation of cropland, or equipment use. Soil interpretations
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use soil properties and qualities that directly influence a specified use of the soil. These
properties and qualities include: (1) site features, such as slope gradient; (2) individual horizon
features, such as particle size; and, (3) characteristics that pertain to soil as a whole, such as
depth to a restrictive layer. Data Summary 2.1.4-1 (In Appendix A) lists the specific soll
properties and qualities available on the soil associations and specifies the report containing the
tabular data.

Table 2.1.4-1 Thunder Basin L&LC Watershed STATSGO Soil Types

Soil Type Acres Percent
Draknab-Clarkelen (s9067) 20,429 2%
Shingle-Hiland (s9073) 277,093 21%
Taluce-Shingle-Cushman (s8932) 200,864 15%
Tassel-Shingle-Rock outcrop (s9075) 348,638 26%
Samday-Pierre-Bone (s8913) 117,504 9%
Wibaux-Shingle-Rock outcrop (s9070) 7,239 1%
Ustic Torriorthents-Hiland-Bowbac (s9068) 43,163 3%
Ulm-Renohill (s9074) 48,375 1%
Savageton-Samday-Mitchell-Heldt-Cambria-Bahl

(s8915) 202,039 15%
Trelona-Tassel-Rock outcrop-Dix-Busher (s4955) 31,794 2%
Vetal-Otero-Jayem (s8991) 21,804 2%
Vetal-Tassel-Sarben-Manter-Jayem-Busher (s4860) 20,738 2%
Wendover-Rock outcrop-Motoqua (s8989) 10 0%
Total Area 1,339,689 100%

As described in the Powder River Basin Oil and Gas Final Environmental Impact Statement,
(BLM, 2003), soils within the study area watersheds have developed in residual material and
alluvium in a climatic regime characterized by cold winters, warm summers, and low-to
moderate precipitation. The upland soils are derived from both residual material (derived from
flat-lying, interbedded sandstone, siltstone, and shale) and stream alluvium. Valley soils have
developed in unconsolidated stream sediments including silt, sand, and gravel. Soils in the
study area watershed are generally low in organic matter and are alkaline (Lowry et al. 1986).
Textures range from clay loams to sandy loams with varying amounts of gravel or coarser
materials. Slopes range from nearly level to very steep with deeper soils found in the less
steeply sloped areas. These soils support little crop agriculture except in irrigated valleys of
perennial streams. Across the Lightning and Lance Creek watersheds the predominant land use
is rangeland and the vegetation developed on the soils is predominantly grass and shrubs, with
limited areas of irrigated pastures along Lance Creek below its confluence with the Lightning
Creek drainage.

215 Geology

The following five subsections (surficial units, bedrock units, structural features, slope stability,
and seismotectonics) describe the overall geologic framework of the Lightning and Lance Creek
watersheds.
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2.1.5.1 Surficial Units

Map 7 illustrates the surficial geology of the Thunder Basin L&LC watershed. The surficial
geology can generally be divided into three unique categories: 1) bedrock, residuum, and mined
areas; 2) alluvial valley deposits; and 3) upland deposits. Aspects of each of these deposits as
they relate to the watershed are described as follows.

The surficial geology map of the watershed demonstrates that the geologic materials at the land
surface primarily consist of residuum, alluvial (water-transported) and eolian (wind-transported)
deposits. Residuum refers to weathered debris eroded from underlying bedrock that remains in
situ (little to no transport) and forms a veneer of sediment on bedrock surfaces. In many
locations, residuum can be combined with eolian and alluvial deposits. Alluvium, found
predominately in the watershed valleys, is comprised of sediment ranging in size from clay to
gravel. The particle size and distribution of alluvium is dependent on the energy of the transport
mechanism (river or stream) at the time of sediment deposition. Eolian deposits are fine-
grained (silt to clay size) materials, transported and deposited by wind with relatively uniform
grain size distribution due to separation from larger particles during transport.

The alluvial deposits mantling the watershed drainages are critical to the watershed since they
can potentially be used to identify a location for groundwater development and in some areas,
indicate a location with baseflow to surface drainages. The alluvium is typically coarser grained
than eolian and residuum deposits and can include alluvial fans, alluvial terraces, and
slopewash. Because of the coarser texture of deposits in alluvial settings, greater opportunity
exists for infiltration and recharge of precipitation to the subsurface that creates alluvial aquifers.
Five distinct southwest-northeast oriented alluvium-filled valleys cross and converge in the
northeast corner of the Lightning watershed. Three well-defined alluvial valleys with axes
approximately in a north south orientation cross the Lance Creek watershed and one additional
east-west oriented alluvial valley drains the northwest corner of the Lance Creek watershed.
Further discussion on these alluvial valley aquifers can be found in Section 2.1.6.1, alluvial
aquifers.

Most of the upland areas in the Lightning watershed are comprised of residuum overlying
shallow bedrock combined with eolian deposits, alluvium, and slopewash. In the Lance Creek
watershed, the upland areas consist of residuum, slopewash, and colluvium especially in areas
of steeper topography, such as the eastern edge of the study area paralleling US Highway 85
north of the town of Lusk.

Small zones of red clinker deposits can be found in the northwest corner of the Lance Creek
watershed. Although not as extensive in the Lightning and Lance Creek watersheds as
compared to areas to the north, clinker is a distinct geologic deposit worthy of description since
it is found in the Lance Creek watershed and plays an important hydrologic role regionally in the
Thunder Basin. As described in the Powder River Basin Environmental Impact Statement (BLM,
2003):

"Generally, clinker consists of fractured rock on a base of porous ash.
Semipermeable clay frequently underlies clinker formations (Heffern and Coates,
1999). This structure allows clinker to absorb, store, and transfer large amounts of
water. The quality of water from clinker aquifers is highly variable, but in general,
Total Dissolved Solids (TDS) values are lower for older formations (Heffern and
Coates, 1999). The irregular terrain of clinker formations provides a unique habitat
for plant and animals species that would otherwise not survive on the treeless plain

OLSSON Project No. 010-1333 Page 12



Wyoming Water Development Commission Thunder Basin L&LC Watershed Management Plan
WWDC Contract # 05SC0294198 Level | Watershed Study

(Heffern and Coates, 1999). Clinker is not considered a valuable agricultural soil
and has a very poor revegetation potential."

Clinker is resistant to erosion and is typically found on elevated, exposed surfaces within the
watershed. Because of the capability to store and transport appreciable amounts of water,
springs can sometimes be found in areas of exposed clinker. Further discussion on potential
water resources in the mapped clinker areas of the Lance Creek watershed can be found in
section 2.1.6.3, Springs. The remaining exposed bedrock and mined areas are described in
Section 2.1.5.2, Bedrock Units.

2.1.5.2 Bedrock Units

Bedrock units ranging in age from Paleozoic to Tertiary time are present in the Thunder Basin
L&LC watershed (Map 8, Bedrock Geology). The shallow bedrock formations that underlie
surficial deposits or are exposed in outcrops have played an important role in soil formation and
other geomorphic processes in the study area. Across the two watersheds, the bedrock units
are youngest (Tertiary) on the west and southeast fringes of the study area, with the oldest
formations (Cretaceous, Jurassic, and Paleozoic) exposed in the upland areas of the Lance
Creek watershed. Within the Lightning and the northwest corner of the Lance Creek
watersheds, the four shallow bedrock units from youngest to oldest (west to east) include:

Tertiary Wasatch Formation

Tertiary Fort Union Formation - Lebo member
Tertiary Fort Union Formation - Tullock member
Cretaceous Lance Formation

The Eocene age Wasatch Formation consists of fine- to coarse-grained, lenticular sandstone
interbedded with shale and coal (Hodson, 1973). The sandstone units sandwiched between the
thick coal beds are the primary aquifers of the Wasatch Formation. The formation can be up to
1,600 feet thick (HKM, 2002a).

The Fort Union Formation (Paleocene age) was deposited by northeast-flowing river systems
consisting of braided and meandering streams in the basin center that were fed by alluvial fans
associated with uplift of the margins of the Powder River Basin. The Fort Union ranges from
2,300 feet to 6,000 feet in thickness (Curry, 1971) and is subdivided into three members; 1)
Tullock, 2) Lebo, and 3) Tongue River. The members consist of interbedded sandstones,
siltstones, claystones, mudstones, carbonaceous shales and rare limestones. The Lebo and
Tullock members have thin coal beds (Curry, 1971).

The Cretaceous Lance Formation is also continental in origin with sandstones, siltstones, and
claystones. The Lance Formation ranges from 1,600 to 3,000 feet in thickness in the southern
portion of the Powder River Basin (Feathers et al, 1981). The Lance Formation is
stratigraphically below and older than the Wasatch and Fort Union Formations.

In the northern half of the Thunder Basin L&LC watershed, two older Cretaceous formations, the
Fox Hills and the Pierre, join the Lance Formation as the primary bedrock units beneath the
surficial deposits. The Fox Hills Formations, often termed the Fox Hills Sandstone, is near-shore
marine in origin with intervals of shale that exists stratigraphically below the Lance Formation.
The thickness of the Fox Hills Formation can approach 450 feet (USGS, 2005). The Pierre
Formation, commonly known as the Pierre Shale, ranges from about 700 to over 3,000 feet
thick and is composed of dark grey shale, bentonite, and minor amounts of sandstone. On the
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eastern side of the Lance Creek watershed, Pierre Shale thickness has been estimated at over
3,000 feet (Gill and Cobban, 1966).

Near the eastern boundary of the Thunder Basin L&LC watershed, older Cretaceous and
Jurassic formations are exposed in a structural upwarp (anticline) of the bedrock. Exposures of
the Cretaceous and Jurassic bedrock units are also found in isolated areas in the southern half
of the Thunder Basin L&LC watershed. Included in these Cretaceous units are (from youngest
to oldest) the Niobrara Formation, Carlile Shale, Greenhorn Formation, Belle Fourche Shale,
Mowry Shale, Newcastle Sandstone, Skull Creek Shale, Fall River Formation, Fuson Shale, and
the Lakota Formation. These formations are mostly marine and continental margin in origin and
are comprised of shale, sandstone, siltstone, mudstone, limestone, marl, bentonite, and chalk.
Exposed at the center of the anticline are the Jurassic-age Morrison (claystone, limestone,
sandstone), Sundance (sandstone and shale), and Gypsum Spring (shale and gypsum)
Formations (Love and others, 1987).

In the southern half of the Thunder Basin L&LC watershed, the shallow bedrock is comprised of
the Tertiary-age Arikaree and White River Formations. The younger Arikaree Formation is
composed of fine-grained sandstone with some lesser amounts of limestone, siltstone, and
volcanic ash deposits. The Arikaree Formation can range in thickness from O to 600 feet. The
older White River Formation is primarily claystone and siltstone with thin beds of volcanic ash
deposits and limestone. Isolated intervals of poorly cemented sandstone can be found in some
areas. White River Formation thickness can range from 0 to 500 feet in the study area (Love
and others, 1987).

Along the southern edge of the Thunder Basin L&LC watershed boundary about six miles north
of the town of Lusk, Paleozoic rocks are exposed along a topographic high called Sullivan
Ridge. The Paleozoic rocks are part of the Guernsey and Hartville Formations, which are
primarily limestone and dolomite units interbedded with sandstone and shale. Undifferentiated
metamorphic rocks (meta-sedimentary and meta-volcanic) are also exposed along Sullivan
Ridge.

2.1.5.3 Structural Features

Thunder Basin L&LC watershed lies within the Powder River Basin, a northwest-southeast
trending structural basin that was filled with sediments of continental origin eroded and
transported from the surrounding uplifted margins (Brown, 1993). The Powder River Basin
formed approximately 60 million years ago (Glass and Blackstone, 1996) during the Laramide
Orogeny, the mountain-building event that formed the Rocky Mountains. The margins of the
basin are asymmetrical with the western margin closer to the axis than the eastern margin.
Figure 2.1.5-1 shows a regional map of the basin and related structural features. Rock layers
dip gently several degrees throughout much of the eastern two-thirds of the basin. However,
layer dips steepen along the western margins of the Powder River Basin. A generalized
geologic cross section across the Powder River Basin is shown in Figure 2.1.5-2. Note that this
cross section is north of Thunder Basin L&LC watershed but is indicative of the structural
features within the study area. The significance of the structural basin that defines this area of
northeast Wyoming cannot be overstated. The tectonic events of the Laramide Orogeny
affected the outcrop patterns which thus influenced soil development, aquifer characteristics,
groundwater flow patterns, oil, gas, coal, and methane deposits, as well as the topographic
relief of the region.
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Figure 2.1.5-1 Structural features of the Powder River Basin and surrounding areas (Dolton et al., 1988).

The Thunder Basin L&LC watershed is flanked on the south and east by an extensive anticlinal
structure known as the Hartville Uplift. This area of upwarp in the bedrock separates the Powder
River Basin from the Denver Basin to the south. The anticline developed during the time of the
Laramide Orogeny (late Cretaceous) and extends from the east flank of the Laramie Mountains
northeast to the Black Hills uplift area of South Dakota. Direct observable evidence of the
regional uplift can see on the eastern side of the Thunder Basin L&LC watershed where the Old
Woman anticline exposes the upward tilting Cretaceous and Jurassic formations described in
the Bedrock Units section (Sims and Day, 1999). At least three mapped faults cross the south
central portion of the Thunder Basin L&LC watershed including the Lance Creek thrust fault that
exhibits influence on the orientation of the Lance Creek alluvial valley (Johnson and Micale,
2008). The types of faults found in the study area can also exhibit influence on aquifer
characteristics, and thus the potential for groundwater development in the watershed.

The present-day watersheds, oriented in the north-northeastward direction, were formed as
runoff from the topographically higher regions flowed northward in post-uplift times.

2.1.5.4 Slope Stability

According to the WSGS, landslides (often termed mass wasting) occur when a slope becomes
unstable. Rock falls, debris flows, slumps, and creep are all types of landslides. These
processes can cause considerable damage: they can cover or destroy roads, carry mobilized
houses downslope, and temporarily block rivers with unstable earthen dams, which can cause
flash-flooding downstream when compromised. The WSGS has mapped more than 30,000
landslides in Wyoming, and maintains a database of these locations. Landslides of significant
size or scale have not been mapped in the study area watersheds. Although not mapped, there
are known landslides in both the Red Hills and Rochelle Hills just north of Thunder Basin L&LC.
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A persistent landslide in the Rochelle Hills has permanently closed a section of Forest Service
Road 933.
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Figure 2.1.5-2 - Conceptual cross-section of the Powder River Basin from west to east. This cross-section is north of the
Lightning & Lance Creek watersheds, but is indicative of the structural features within the study area (DeBruin et al., 2000).

The lack of WSGS mapped landslides within the study area does not relieve project sponsors
from evaluating the hazards of slope instability on specific sites prior to project implementation.
Small, localized slope failures can occur along the banks of active channels. Slope instability
increases after material saturation following storm events when undercutting of stream banks is
most intense. For this reason, watershed improvement projects should include site-specific
geological hazard analyses, including an evaluation of the site's susceptibility to landslides.

2.1.5.5 Seismotectonics

According to the WSGS, earthquakes occur daily in Wyoming, but are rarely strong enough to
be felt by humans. Most earthquakes occur in and around Yellowstone National Park in
northwest corner of the state. However, earthquakes can and have occurred in eastern
Wyoming. There have been 29 historic earthquakes recorded in Converse County with
magnitudes of 3.0 or greater and eight greater than 3.0 in Niobrara County. According to the
WSGS, the strongest measured earthquake within the region was a magnitude 5.5 event that
occurred southwest of Casper on October 18, 1984. The earthquake was also felt in Montana,
South Dakota, Nebraska, Kansas, Utah, and Colorado. Building damage was reported in the
cities of Casper, Douglas, and Lusk (Case and Green, 2000). The WSGS has published
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seismology characteristics for the entire Thunder Basin L&LC watershed that are listed by
county and are available on the WSGS website. Watershed improvement projects that involve
significant disturbance or construction efforts should include site-specific geologic hazard
analyses including a seismotectonic evaluation.

2.1.6 Groundwater

Groundwater in the Thunder Basin L&LC flows within the pore spaces of shallow alluvial
sediments described in Section 2.1.5.1 (Surficial Units) and within the rock materials described
in Section 2.1.5.2 (Bedrock Units) of this report. The following subsections provide more
information on the quantity and quality of groundwater available in the two specific aquifer types,
as well as from the springs that discharge groundwater to the surface. The physical properties
such as hydraulic conductivity and transmissivity (measurable characteristics that describe how
effectively aquifers can transmit water), as well as the chemical composition of the aquifer
materials are important to establish so that productive wells with high water quality can be
proposed for watershed improvement projects.

2.1.6.1 Alluvial Aquifers

Alluvial aquifers occur in the alluvial valleys located along the major drainages of the
watersheds. Map 7 (Surficial Geology) illustrates the location of the alluvial deposits in the study
area watersheds. Whitehead (1996) described the aquifer materials comprising the alluvial
aquifers in the area as unconsolidated deposits of silt, sand, and gravel occurring in floodplains,
stream terraces, and alluvial fans. The thickness of alluvial deposits is not known throughout the
watersheds because of the inherent variability in alluvial depositional environments and the lack
of geologic borehole information in parts of the watershed (Hodson et al. 1973). Wells (1982)
reported that alluvial valley deposits in the Powder River basin are typically 30 feet in thickness,
with a maximum measured thickness of 100 feet.

Presently, the number of alluvial versus bedrock wells within the study area watersheds is not
known. However, estimates can be made based on well location, well completion depth, and
well yield. Evaluation of well depth information from the WSEO for all wells identified within or
bordering the alluvial valleys (Map 7, Surficial Geology) revealed that 98 of the 384 wells within
the valleys have a depth of 75 feet or less. Well yields for these alluvial wells range from 1 to
370 gallons per minute (gpm). The highest yielding wells (300 gpm or greater) according the
WSEO database are located in the Lance Creek alluvial valley in the north central portion of the
Lance Creek watershed. In this area, the alluvial valley is wider than most of the tributary valleys
in the study area, which increases the opportunity to receive recharge from precipitation. Well
depths for these productive wells range from 37 to 68 feet.

Water quality of the aquifers within the Powder River Basin is described in Bartos and Ogle
(2002) and Rice et al, (2000). The authors subdivide the primary aquifers as shallow (200 to 500
feet) to deep (500 feet or greater). The shallow groundwater system exhibited a chemically
dynamic system with localized flow consisting of groundwater with a mixed composition of ions.
The shallow system was described as containing calcium, magnesium, and lesser amounts of
sodium cations (positively charged ions), and bicarbonate or sulfate as the dominant anions
(negatively charged ions). The deep system is chemically static and exhibits regional flow
patterns, with sodium and bicarbonate as its dominant ions. Additional information on the water
guality aspects of the bedrock aquifers is described below.
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2.1.6.2 Bedrock Aquifers

The bedrock aquifers underlying the study area have been studied and described by numerous
authors. The bedrock aquifers are part of the Northern Great Plains aquifer system that has
been described as "an extensive sequence of aquifers and confining units arranged in a stack of
layers that may be discontinuous locally but that functions regionally as an aquifer system"
(BLM, 2003). Confining units are geologic strata with low permeability, typically consisting of silt,
clay, or shale that is bedded on top of or between more transmissive geologic materials
(aquifers). Despite having permeabilities much lower than aquifers, confining units can store
and slowly transmit water to aquifer formations. In the southern portion of the Powder River
Basin, the aquifer system includes specifically the Tertiary aquifers exposed at the surface, as
well as the deeper regional aquifers within older sedimentary rocks deposited through much of
the Cretaceous Period and during the late Paleozoic Period. Data Summary 2.1.6-1 (Appendix
A) contains information on the bedrock aquifers. For the purposes of this report, the following
major aquifer systems will not be discussed because they do not occur within the study area
watersheds or are too deep and would be too costly to complete and maintain for
livestock/wildlife and irrigation purposes:

o Dakota Aquifer System (Newcastle, Fall River, and Lakota Formations) and other minor
Cretaceous aquifers below the Lance and Fox Hills formations
e Madison Aquifer System (Madison and other Paleozoic carbonate formations)

The following summarizes information from Data Summary 2.1.6-1 (Appendix A) on the well
yield, general water quality, and water supply uses for the remaining bedrock aquifers within the
study area:

e The Arikaree Formation is the primary unit of what is termed by some authors as the
Middle Tertiary aquifer system and is the primary bedrock aquifer only near the southern
margin of the Lance Creek watershed. The formation has been observed to yield from
195 to over 700 gpm, with the potential to yield 1,000 gpm at optimal aquifer locations
with proper well design. Observed total dissolved solid (TDS) levels range from 261 to
535 milligrams per liter (mg/l). Regionally, the Arikaree Formation serves public,
industrial, domestic, irrigation and stock wells (Whitcomb, 1965). Each of these types of
uses has been noted in WSEO well database records. Records from the WSEO do not
explicitly indicate what formation wells are screened in, but even in the limited area of
the Lance Creek watershed where the Arikaree Formation is present, 255 of the 304
(83%) of the known registered wells are completed between the depths of 50 and 500
feet, with the latter being the observed maximum thickness of the Arikaree Formation in
Wyoming (HKM, 2002a).

e The Wasatch Formation underlies the western half of the Lance watershed and yields
generally less than 15 gpm with higher yields (up to 500 gpm) possible in some
locations. Some Wasatch wells flow under artesian conditions (HKM, 2002a). The TDS
content ranges from less that 200 to greater than 8,000 mg/lI (Hodson et al, 1973). Wells
completed in the Wasatch Formation are used for municipal/public, domestic and stock
water supplies.

e The Fort Union Formation underlies the eastern half of the Lightning watershed and the
northwest corner of the Lance Creek watershed. The formation generally yields 1 to 60
gpm with higher yields observed along with considerable drawdown. Water quality is
similar to the Wasatch Formation as these two units are often grouped into the Fort
Union/Wasatch Aquifer System. Wells completed in the Fort Union Formation are used
for municipal/public, domestic and stock water supplies.
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e The Lance Formation is part of the Fox Hills/Lance Aquifer System and underlies the
northern half of the Lance Creek watershed. The Lance Formation yields up to 300 gpm
but with appreciable drawdowns. TDS content from the outcrops north of Niobrara
County range from 1,500 mg/l to 3,000 mg/l, with fluoride enrichment characteristics and
high sodium and radionuclide content in the specific areas especially near uranium
deposits. Wells completed in the Lance Formation are used for municipal/public,
domestic and stock water supplies.

2.1.6.3 Springs

Springs represent locations where the groundwater table intersects the land surface. In the
Powder River Basin, this often occurs in association with clinker units. However, clinker is
mapped in a very limited area of the Thunder Basin L&LC watershed. Where clinker does occur,
the rock material acts as a sponge in absorption of snowmelt and precipitation, which then is
stored and transmitted by the porous and permeable materials. Therefore, the amount of spring
flow near clinker deposits is highly dependent on precipitation patterns and rates (Heffern and
Coates, 1999). Landowners just north of the study area have noted that area springs have been
dried up or experienced reduced flows during the extended regional drought.

Map 9 illustrates the locations of springs and seeps as mapped by the USGS. The map contains
spring locations identified by both the National Hydrography Dataset (NHD) (Simley and
Carswell, 2009) and from manual evaluation of USGS 1:24,000 topographic maps. From the
two data sources, 18 springs were identified in the Lance Creek watershed and 8 in the
Lightning watershed. Most of the Lance Creek watershed springs are found in the upland areas
south-southeast of the town of Lance Creek. All but one of the springs identified in the Lightning
watershed are located in the upland areas along the western and southern watershed
boundaries. There are likely many more developed and undeveloped springs in the watershed
that are not represented by the map, especially in the isolated area of clinker deposits in the
northwest corner of the Lance Creek watershed. The NHD dataset identifies one spring along
the watershed boundary in this area. Considering the hydrogeologic characteristics of the
clinker deposits, especially in areas just north of the study area, it is possible that additional
unmapped springs exist in this area. Additional mapping of springs throughout the study area
would provide a more comprehensive understanding of the existing water resources in the
Thunder Basin L&LC watershed.

2.1.7 Surface Water Hydrology

2171 Hydrologic Regions and Stream Types

The Thunder Basin watershed is comprised of two main watersheds: the Lance Creek and
Lightning Creek watersheds. The confluence of Lance Creek with the Cheyenne River is the
downstream limit of these watersheds. In addition, a portion of the Angostura Reservoir
watershed between the Lance Creek watershed and the eastern Wyoming state line were
included in the study area (Map 1). Map 10, Watershed Hydrologic Features, shows a more
detailed breakdown of watershed areas, along with their hydrologic unit codes (HUC). A listing
of the hydrologic unit codes is included as Data Summary 2.1.7-1 in Appendix A.

The Lightning, Lance, and Hat watersheds lie within the Eastern Basins and Eastern Plains
Region as designated by Miller (2003). This region, encompassing most of the study area, is
characterized by semiarid grasslands. Annual peak flows are generally larger than the Central
Basins and Northern Plains Region. Precipitation characteristics and the resulting variability in
annual peak flows are similar in both of these regions.
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The Angostura Reservoir watershed lies within the Central Basins and Northern Plains Region.
This region includes the plains of northeastern Wyoming and Miller describes these areas as
semiarid to arid, characterized by grasslands, shrublands, and some open woodlands.
Measured annual peak flows are characterized by large year-to-year variability since annual
peak flows generally are caused by localized convective rainstorms.

The U.S. Army Corps of Engineers (USACE) (2000) defines different stream regimes as follows:

e A perennial stream has flowing water year-round during a typical year. The water table
is located above the streambed for most of the year. Groundwater is the primary source
of water for stream flow. Runoff from rainfall is a supplemental source of water for
stream flow.

e An intermittent stream has flowing water during certain times of the year, when
groundwater provides water for stream flow. During dry periods, intermittent streams
may not have flowing water. Runoff from rainfall is a supplemental source of water for
stream flow.

e An ephemeral stream has flowing water only during, and for a short duration after,
precipitation events in a typical year. Ephemeral streambeds are located above the
water table year-round. Groundwater is not a source of water for the stream. Runoff
from rainfall is the primary source of water for stream flow.

Based on the NHD dated December 31, 2005, within the study area, portions of fourteen
streams are considered to be perennial. The larger tributaries are considered to be intermittent
streams, and the remaining tributaries are considered to be ephemeral streams. Table 2.1.7-1
shows the classifications for perennial and intermittent streams.

21.7.2 Existing Lakes and Reservoirs

There are no natural lakes of significant size in the Thunder Basin L&LC watershed. Wetlands
and small areas with water do occur in the watershed, as shown in Map 11, National Wetlands
Inventory Map, and described in Section 6.3.2.

According to the National Inventory of Dams (NID), there are 62 dams within the study area.
Map 12, National Inventory of Dams, shows the locations of the dams. The combined storage
behind the identified dams is 13,483 acre-feet. The largest identified reservoir, Bradley, located
on Bradley Gulch in Niobrara County, holds 644 acre-feet. The median reservoir size is 172
acre-feet. Dams that do not fall under the jurisdiction of the state engineer’s office are not
included in the database.

The study area contains numerous small impoundments and stock watering ponds, which are
shown in Map 13, Stock/Wildlife Ponds. Approximately 2,050 stock ponds are represented in
the map. These stock ponds represent permitted ponds with uses identified as stock ponds.

2.1.7.3 Gaging/Sampling Stations

Map 14, Gaging Stations and Streamflow/Sampling Sites, shows surface water gaging stations
and sampling locations, as well as lake/reservoir observation stations. Within the study area,
there are no active and one historic USGS streamflow gaging station. There are four additional
sites that have historic peak flow data and five observation sites. The gages are listed in Data
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Table 2.1.7-1 Perennial' and Non-Perennial Intermittent Streams

Alkali Creek Fitzsimmons Creek Rat Creek

Alum Creek Greasewood Creek Rusty Creek
Antelope Creek Harney Creek Sage Creek
Bills Creek Hon Creek Sand Creek
Black Tail Creek Horse Creek S-Bar Creek

Bobcat Creek

Indian Creek

South Antelope Creek

Boggy Creek

Lance Creek

South Brush Creek

Bonsell Creek

Lightning Creek

South Cottonwood Creek

Box Creek

Little Boggy Creek

South Fork Box Creek

Bridge Creek

Little Cottonwood Creek

South Fork Moss Agate Creek

Brush Creek

Little Cow Creek

South Fork Walker Creek

Buck Creek Little Lightning Creek South Greasewood Creek

Bull Creek Little Rat Creek South Oat Creek

Cherry Creek Middle Creek South Prong South Antelope Creek
Cheyenne River Mill Creek Spring Branch Harney Creek

Chip Creek Mule Creek Spring Creek

Cottonwood Creek

North Antelope Creek

Stivers Creek

Cottonwood Prong

North Brush Creek

Swanski Creek

Cow Creek North Cottonwood Creek Tena Creek

Coyote Creek North Fork Box Creek Twentymile Creek

Deer Creek North Fork Moss Agate Creek | Walker Creek

Dogie Creek North Fork Wyatte Creek West Bull Creek

Dry Creek North Greasewood Creek West Fork Twentymile Creek
Duell Creek North Oat Creek West Fork Walker Creek

East Alum Creek

Oat Creek

West Harney Creek

East Fork Buck Creek

Old Woman Creek

West Mule Creek

East Fork Twentymile Creek

Onemile Creek

Willow Creek

East Harney Creek Owl Creek Wyatte Creek
East Mule Creek Piney Creek Young Woman Creek
F F Creek Plum Creek

Note: Perennial streams are highlighted. It should be noted that only portions of the creeks are perennial, not the
entire lengths. Non-highlighted streams are mostly ephemeral.

Summary 2.1.7-2 in Appendix A. Detailed information regarding these sites is available at
http://waterdata.usgs.gov/wy/nwis/si.

USGS Gage 06378640, Lance Creek Tributary near Lance Creek, Wyoming, is on a tributary of
Lance Creek near Highway 272. The reported drainage area is 1.2 square miles. The period of
record for flow data is June 10, 1965 to September 8, 1973. Peak flow data for this gage can be
found at the following Web site:
http://waterdata.usgs.gov/wy/nwis/inventory/?site_no=06378640&agency cd=USGS&amp;
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USGS Gage 06379600, Box Creek near Bill, Wyoming, is located immediately downstream of
Highway 59. The reported drainage area is 112 square miles. The period of record for flow data
is June 9, 1957 to July 25, 1981. Peak flow data for this gage can be found at the following
Web site:

http://waterdata.usgs.gov/wy/nwis/nwisman/?site_no=06379600&agency cd=USGS

USGS Gage 06382200, Pritchard Draw near Lance Creek, Wyoming, is approximately 8 miles
upstream of the confluence with Lance Creek. The drainage area is reported to be 5.1 square
miles. The period of record for flow data is 1964 to August 5, 1981. Peak flow data for this gage
can be found at the following Web site:
http://waterdata.usgs.gov/wy/nwis/nwisman/?site_no=06382200&agency cd=USGS

USGS Gage 06385400, Cottonwood Creek at Hat Creek, Wyoming is approximately 14 miles
north of Lusk, Wyoming. The reported overall drainage area is 14.5 square miles, with a
contributing drainage area of 12.0 square miles. One peak flow is available for August 9, 1979.
Peak flow data for this gage can be found at the following Web site:
http://waterdata.usgs.gov/wy/nwis/nwisman/?site_no=06385400&agency cd=USGS

USGS Gage 06386000, Lance Creek near Riverview, Wyoming, is located immediately
upstream of its confluence with the Cheyenne River. The reported drainage area is 2,070
square miles. The period of record for flow data is May 1, 1948 to September 30, 1983. This
gage is the only one in the area with daily and monthly streamflow data in addition to peak flow
data. Streamflow, peak flow, and water quality data for this gage can be found at the following
Web site:

http://waterdata.usgs.gov/wy/nwis/nwisman/?site_no=06386000&agency cd=USGS

USGS Gages 06384000, 06384500, 06385000, 06385500, 06386200 are observation sites for
which no data is available.

2.1.7.4 Stream Flow Characteristics

Most streams originating in the basins or plains areas of Wyoming are ephemeral or
intermittent, flowing only as a result of local snowmelt or intense rainstorms. Intense localized
convective rainstorms can produce most of the total flow for any given year in these watersheds
(Miller, 2003). The only USGS stream gage with historic daily or monthly flow data is 06386000,
Lance Creek near Riverview, Wyoming. As seen in Figure 2.1.7-1, the majority of flow occurs
between April and September. Peak flow data shows that peaks most often occur in June. The
streamflow distributions reflect snowmelt and early summer thunderstorm events. The four
main stems (Lightning Creek, Lance Creek, Indian Creek, and Mule Creek) typically maintain
perennial flow from groundwater and springs, as discussed in Section 2.1.8.3.

Figure 2.1.7-2 illustrates the mean annual discharge for Lance Creek at Riverview, WY. The
record terminates in 1983 and as seen from the previous sections, the data for this area is very
limited. In areas where future projects are being considered, it is recommended that additional
stream gages be installed to better understand the streamflow characteristics and quantities.
Adding stream gages will enable better estimates of potential watershed yield and timing of
flows.
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2.1.8 Stream Geomorphology

The following section provides information on the stream geomorphology of Thunder Basin
L&LC. Fluvial geomorphology is the study of how land is formed under the processes
associated with running water.  Over time, a natural stream channel at a given location
establishes a cross section and planiform that reflect the quantity of water and the quantity and
characteristics of sediment delivered to it from the drainage basin, as well as the imposed
topography and local geologic conditions. Neither the water supplied (discharge) nor the
guantity and distribution of sizes of the sediment load are delivered to the channel at a constant
rate. All are subject to the variations of weather and climate, which dictate the magnitude,
timing, and frequency of the range of flows and sediment, delivered to a given channel reach.
Thus, the channel experiences varying sequences of low and high flows, depending on runoff
from the drainage basin. Largely due to the varying runoff, the sediment supplied from the
landscape and from sediments stored in, and adjacent to, the channel, varies as well (Emmett,
Leopold, and Myrick, 1983).

Alluvial channels, like the ones in Thunder Basin L&LC, composed of sediments deposited by
the river, are free to adjust their form, and to a lesser extent, their gradient. Because of this,
over time, an alluvial river develops a cross section and shape reflecting the quantities of water
and sediment and the sizes of sediment brought to it. While this form, in any given period
responds to the variability of flow and sediment, observations of natural alluvial channels
demonstrate that the channel, over time, develops a cross-sectional form reflecting an
integration of these temporal variations. In general, channels have a cross-sectional area, width,
and depth at bankfull discharge that is related to the range of flows capable of eroding and
transporting the alluvial deposits constituting the channel boundaries. Bankfull discharge refers
to the discharge when streamflow just begins to overtop into the floodplain. The floodplain is
defined as a relatively flat depositional surface, adjacent to the channel and constructed by the
river in the present hydrologic regimen.

A variety of terms have been used to characterize stream and rivers flowing in alluvium, while
erosion and deposition may take place, the channel neither aggrades (raises) nor degrades
(lowers) its mean bed over time. The time scale is important because channel behavior may
vary over different time scales, and over very long periods of geologic time, stable equilibrium is
not maintained as the landscape is denuded or reduced in elevation. This is clearly evident by
the existence of terraces, which, by definition, are abandoned floodplains from previous
hydrologic regimes.

It is commonly observed that many, if not most, alluvial rivers are subject to episodic floods; that
is, the flow overtops the river banks and spills into the adjacent lands. Floodplains are formed by
lateral movement of the channel and deposition of bars and by vertical accretion resulting from
deposition of sediment by floods. To the extent that the adjacent land is the product of
deposition by the existing river it is, by definition, a floodplain. The floodplain therefore is a flat
area adjacent to the channel constructed by the river in the present hydrologic regimen.
Deposits, and surfaces other than the floodplain, may exist on the valley floor. If they are
alluvial, that is riverine in origin, they may constitute terraces (topographic surfaces) or terrace
deposits laid down by the river under a different hydrologic regimen. Although there is some
evidence to suggest that the bankfull stage, i.e., height of the floodplain, in many rivers
corresponds to a discharge of constant frequency, for example, every one to two years
(Wolman and Leopold, 1957; Emmett, 1975) variability is encountered among river sites in a
given region and in different regions (Williams, 1978). Similarly, in some rivers, there is a close
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correspondence between flows during which much of the annual sediment load is transported
(effective discharge) and the bankfull flow (Wolman and Miller, 1960).

Stream stability is morphologically defined as the ability of the stream to maintain, over time, its
dimension, pattern, and profile, in such a manner that it is neither aggrading nor degrading and
is able to transport without adverse consequence the flows and detritus of its watershed. Stable
streams do, however, assume many combinations of dimension, pattern, profile, and materials
within individual valley and geologic types. Due to the great diversity of these morphological
features within rivers and streams, Rosgen (1994, 1996) developed a stream classification
system by which to stratify and describe these various river types. The Rosgen Stream
Classification System was utilized for this watershed study and is described in greater detail
below.

2.1.8.1 Rosgen Classification System

The Rosgen Stream Classification System is a way of classifying and evaluating a stream
system. The Rosgen system is widely accepted as the classification system of choice for
watershed management activities. It is comprised of four levels, each being more detailed and
site specific. Figure 2.1.8-1 shows the four inventory or assessment levels. Rosgen (2006)
describes the following five objectives of this stream classification system:

e To predict a river's behavior from its appearance, based on documentation of
similar response from similar types for imposed conditions;

e To stratify empirical hydraulic and sediment relations by stream type by state
(condition) to minimize variance;

e To provide a mechanism to extrapolate site-specific morphological data;
To describe physical stream relations to complement biological inventory and
assist in establishing potential and departure states; and

e To provide a consistent frame of reference for communicating stream
morphology and condition among a variety of disciplines.

As part of the Thunder Basin L&LC Phase Il watershed study a Level | Rosgen channel
classification was completed. This basic level of stream classification is based on morphological
characteristics that result from the integration of basin relief, landform, and valley morphology.
This coarse-scale level uses dimension, pattern, and profile to make determinations. Level |
criteria is typically determined from topographic maps, landform maps, and/or aerial topography.
Table 2.1.8-1 shows the general stream type descriptions and delineative criteria for a Level |
classification.

Disturbances to the channel, such as accelerated bank erosion or sediment supplies, can lead
to channel changes and eventually stream type changes, as well. For example, there were
evolutionary channel changes observed where an E-typed channel originally was functioning at
a higher base level that, over time, converted to a C, Gc, F, and now is a C-type channel at a
lower base level.
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Table 2.1.8-1 General Stream Type Descriptions

Level | Watershed Study

Stream General Entrench- Width to
Type Description ment Ratio |Depth Ratio |Sinuosity | Slope Landform/Soils/Features
Very high relief. Erosional, bedrock or
Very steep, deeply depositional features; debris flow potential
Aa+ |entrenched, debris <l.4 <12 1.0to 1.1 >0.10 ! ; j
Deeply entrenched streams. Vertical steps
transport, torrent streams. ) .
with deep scour pools; waterfalls.
Steep, entrenched,
cascading, step/pool High relief. Erosional or depositional and
streams. High energy/debris 0.04 to bedrock forms. Entrenched and confined
A transport associated with <1.4 <12 10to1.2 O 10 streams with cascading reaches.
depositional soils. Very ' Frequently spaced, deep pools in
stable if bedrock or boulder associated step/pool bed morphology.
dominated channel.
Moderately entrenched,
moderate gradient, riffle Moderate relief, colluvial deposition, and/or

B QOmlnated channel, with 141022 >12 >1.2 0.02 to structurgl. Moderate entrenchment and
infrequently spaced pools. 0.039 (W/D ratio. Narrow, gently sloping valleys.
Very stable plan and profile. Rapids predominate w/scour pools.

Stable banks.
Low gradient, meandering, Broad valleys w/terraces, in association

c point-bar, rlfﬂe/pool, alluval 522 >12 >1.2 <0.02 with ﬂoodplalns, alluval _sons. Sllghtly_
channels with broad, well entrenched with well-defined meandering
defined floodpolains. channels. Riffle/pool bed morphology.

Broad valleys with alluvium, steeper fans.
Braided channel with Glacial debris and depositional features.

D longitudinal qnd transverse n/a >40 n/a <0.04 Actl've lateral adjustment, W/abun.dance of
bars. Very wide channel sediment supply. Convergence/divergence
with eroding banks. bed features, aggradational processes, high

bedload and bank erosion.
Anastomosing (multiple
channels) narrow and deep Broad, low-gradient valleys with fine
with extensive, well alluviium and/or Lacustrine soils.
vegetated floodplains and Highly Highly Anastomosed (multiple channel) geologic
DA |associated wetlands. Very >2.2 ; h <0.005 [control creating fine deposition w/well-

; L variable variable )
gentle relief with highly vegetated bars that are laterally stable with
variable sinuosities and broad wetland floodplains. Very low
width/depth ratios. Very bedload, high wash load sediment.
stable streambanks.

L.OW gradient, mear_1der|ng Broad valley/meadows. Alluvial materials
riffie/pool stream with low . } . . .
idth/denth ratio and little with floodplains. Highly sinuous with stable,

E widthicep I ! >2.2 <12 >1.5 <0.02 |well-vegetated banks, Riffie/pool
deposition. Very efficient morphology with very low width/depth
and stable. High meander . pnology v P

) ) ratios.
width ratio.
Entrenched meandering Entrenched‘m hlghly weathereq material.
) Gentle gradients, with a high width/depth
rifie/pool channel on low . - .

F h - <1.4 >12 >1.2 <0.02 [ratio. Meandering laterally unstable with
gradients with high B ) .

. . high bank erosion rates. Riffle/pool
width/depth ratio.
morphology.
Gullies, step/pool morphology w/moderate
Entrenched "gully" step/pool 0,02t sI(I)Ipes anddlow :/Vthh{degth raltllo.‘ I\IIarrow
G and low width/depth ratio on <14 <12 >1.2 e lova ey§, or eepy |QC|se n afiuvar or
) 0.039 |colluvial materials, i.e., fans or deltas.
moderate gradients. ;
Unstable, with grade control problems and
high bank erosion rates.
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2.1.8.2 Level | Classification Methods

For the Thunder Basin L&LC Phase Il Level | Watershed Study, a Level | Rosgen channel
classification was completed for the entire watershed. This Level | classification is intended to
provide a general summary of the channel types (A through G and NDC — no distinct channel)
present within the watershed. The classification was completed utilizing topographic maps and
aerial photography (Google Earth) and limited field visits.

Level | stream classification is a general characterization of the stream within the watershed and
is intended to be preliminary in nature. This level of classification makes use of readily available
published information and relies on the experience of the observer. The first four delineative
criteria for classification levels | and Il are the same, but vary greatly in the intensity of required
data. Level Il stream classification requires field measurements of the entrenchment ratio, width-
to-depth ratio, slope, and sinuosity by establishment of a cross section and longitudinal profile.

The following sequence of analysis was used in the Level | Stream Channel Classification:

¢ Map and identify the origin and character of landforms
Overlay the drainage systems of interest

e Locate the terrace elevations to differentiate Pleistocene, Holocene, and Modern
depositional features.

1) Overlay the river system on the fluvial landscape to get the following:

o General channel slope (steep/flat)

¢ Channel bed features (step/pool or riffle/pool)

e Estimate of channel shape (general width/depth ratios categories — less than 12;
12 to 40; and more than 40)

e Pattern and profile to show floodplain extent

e Plan view pattern (single or multiple channels)

e Confinement (entrenchment slight, moderate, entrenched) or lateral containment
(yes or no)

2) Delineation of Valley Types and Landforms

e Landforms (alluvial fans, glacial and/or fluvial terraces, floodplains, hanging
valleys)
e Valley Types | through X (see Rosgen, 1996)

2.1.8.3 Level | Classification Results

The results of the Level | Rosgen Stream Classification are graphically displayed on Map 15,
Major Streams with Rosgen Classification, and summarized on Data Summaries 2.1.8-1 —
2.1.8-3 (in Appendix A) and Figure 2.1.8-2 as follows:

e Data Summary 2.1.8-1 — Level | Rosgen Stream Channel Classification Reach ID’s

o Data Summary 2.1.8-2 - Level | Rosgen Stream Channel Classification Reach
Information (6 pages)

e Data Summary 2.1.8-3 - Level | Rosgen Stream Channel Classification Channel Type
Statistics by Watershed.

e Figure 2.1.8-2 - Level | Rosgen Stream Channel Classification Type Percentage and
Count by Watershed.
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The majority of the streams within the Thunder Basin L&LC watershed are ephemeral or
intermittent in nature. These streams are flashy and respond to temporary runoff events caused
by snowmelt and precipitation events. Spring runoff events typically occur from March to April
with early summer rains prolonging the stream flow into summer. Flows decrease and cease
typically in mid to late summer only flowing in response to thunderstorm events. These flows
vary with summer thunderstorms as well. The following subsections describe the results of the

classification for each of the three watersheds.

60%
50%
@ Angostura
Reservoir
B Hat
40%
Lance
® Lightning
30%
20% -~
10% -+
0% -

Figure 2.1.8-2 Level | Rosgen Stream Channel Classification Type Percentage by Watershed

Lance Creek Watershed

Within the Lance Creek Watershed there were 138 individual reaches assessed. Tributaries

that were assessed included:

Lance Creek
Greasewood Creek
Old Women Creek
Coyote Creek
Sage Creek
Cottonwood Creek
Spring Creek

Chip Creek

Alum Creek
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Young Women Creek
North Branch Creek
Black Tail Creek
Antelope Creek
Buck Creek

Dogie Creek

Bills Creek

Sothman Draw

Cow Creek

Middle Creek

Tena Creek

Bull Creek

Little Lightning Creek
Rusty Creek

Cherry Creek

Buggy Creek

Wyatte Creek

77 Creek

The Level | channel classification resulted in 2.2% A Type channels, 21.7% B Type channels,
47.8% C Type channels, 1.4% D Type channels, 17.4% E Type channels, 2.9% F Type
channels, 5.8% G Type channels, and 0.7% with NDC.

As the percentages show, the three major channel types were B, C, and E types. The majority
of the B channel types were found in the moderately steep gradient and moderately entrenched
reaches of most of the tributaries located throughout the watershed. The C channel types
primarily were found lower in the reaches where they displayed slightly wider valleys
constructed from alluvial deposition having well developed floodplains. These channel reaches
were also more sinuous than the B channel types. The majority of the E channel types were
found in the lower reaches of Lance Creek. These channel types display a very wide channel
bottom, with a low width to depth ratio and have relatively high sinuosities. The remaining A, D,
F and G channel types were found within the watershed but in much smaller percentages.

Cow Creek at the bridge on Lance Creek Road was evaluated during a field visit. As shown in
Photos 5 and 6 below, the channel is a C Type channel, single thread, meandering channel with
terraces. The reach within the area where the photo is taken is L-Cow-7-C. These photos show
a view looking downstream and upstream.
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Photo 2 — Cow Creek at the Bridge on Lance Creek Road Looking Upstream (C Channel Type).
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Lightning Creek Watershed

Within the Lightning Creek Watershed there were 77 individual reaches assessed. Tributaries
that were assessed included:

Lightning Creek
Little Lightning Creek
Box Creek

Dry Creek

Rat Creek

Little Rat Creek
Horse Creek

Bobcat Creek
Stivers Creek

Piney Creek

Deer Creek
Twentymile Creek
West Fork Twentymile Creek
East Fork Twentymile Creek
Cottonwood Creek
Harney Creek

West Harney Creek
East Harney Creek
Spring Branch
Walker Creek

Piney Creek

Willow Creek

The Level | channel classification resulted in 2.6% A Type channels, 9.1% B Type channels,
48.7% C Type channels, 1.3% D Type channels, 24.4% E Type channels, 5.1% F Type
channels, 5.1% G Type channels, and 3.8% with NDC .

As the percentages show, the three major channel types encountered within the Lightning
Creek watershed were B, C, and E types. Once again, the B channel types were found in the
moderately steep gradient and moderately entrenched reaches of several of the tributaries
located throughout the watershed. The majority of the C channel types were found within the
larger tributaries of the watershed (Lightning Creek, Box Creek, Dry Creek, and Walker Creek)
where they also displayed slightly wider valleys with well-developed floodplains. The majority of
the E channel types were found in the lower reaches of Lightning Creek. These channel types
display a very wide valley bottom, with a low width to depth ratio and have relatively high
sinuosities. The remaining A, D, F, G and NDC channel types were found within the watershed
but in much smaller percentages.

Within the Phase | portion of this study, the Wyoming Department of Environmental Quality

(WDEQ) completed a Level Il Rosgen Stream Classification (Hargett, 2007). However, for the
Phase Il portion of the study, no level 1| comparison studies were available.
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Photo 4 - Lightning Creek upstream at bridge.
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Angostura Reservoir Watershed

Within the Angostura Reservoir Watershed there were 27 individual reaches assessed. Stream
reaches that were not within the State of Wyoming were not assessed. Tributaries that were
classified included:

Bridge Creek
Mule Creek
Hen Creek
Sage Creek
North Fork Moss Agate Creek
South Fork Moss Agate Creek
Little Cottonwood Creek

e Cottonwood Creek
For that portion of the Angostura Reservoir Watershed within the state of Wyoming, 0 % of the
channels were Rosgen Type A, 11.1 % were Type B, 33.3% were Type C, 3.7% were Type D,
33.3% were Type E, 0% were Type F, 18.5% were Type G, and 0% were areas of no defined
channel (NDC). Within the Angostura Reservoir Watershed, B and C types were typically found
along the valley bottoms and at the topographic break from the steep uplands onto the valley
floor. C type channels are a single thread meandering channel with a well-developed floodplain
which is typical of the main stems.

The Type G channels were observed in the upper reaches of the tributaries as expected. These
steeper, more confined reaches are typically associated with Type A channels, however the
Type G channels, or gullies, are typical as well in the upper reaches where the slope breaks and
the head cut features are formed along the slopes with high erosion potential.

One reach with multiple channels was identified as a Type D channel. These areas were
typically bounded by C or B types and typically occurred where there was previously a dam of
some type (stock pond embankment, spreader dikes). The Type E channels were typically
observed on broad flood plains where some extent of groundwater influence was likely. These
E types are very narrow and deep with stable banks and vegetation with deep roots. These
features typically develop in areas where groundwater is available for a longer duration during
the growing season.

The “E” channel type was one of the more common types encountered within the Angostura
Reservoir watershed. Typical “E” channel types have high channel sinuosity and are typical in
the wide flat valley bottoms.

Hat Creek Watershed

Within the Hat Creek Watershed there were 39 individual reaches assessed. Stream reaches
that were not within the State of Wyoming were not assessed. Tributaries that were classified
included:

Oat Creek
Cottonwood Creek
Brush Creek
Indian Creek

S Bar Creek
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Fitzsimmons Creek
Duell Creek

Plum Creek

Middle Creek
Swanski Creek

Mill Creek

Sage Creek
Antelope Creek

For that portion of the Hat Creek Watershed within the state of Wyoming, 0 % of the channels
were Rosgen Type A, 30.8 % were Type B, 46.2% were Type C, 0% were Type D, 7.7% were
type E, 5.1% were Type F, 10.3% were Type G, and 0% were areas of no defined channel
(NDC). As the percentages show the three major channel types were B, C, and G types. The
majority of the B channel types were found in the steep upper reaches of the Hat Creek Breaks
located in the southern portion of the watershed. The G channels were found in that transitional
area between the steep B sections and the flatter valley bottoms where C channel types
occurred. The remaining E and F channel types were found within the watershed but in much
smaller percentages.

The “B” channel type was one of the more common types encountered within the Hat Creek
watershed, especially near the Hat Creek Breaks. Typical “B” channel types have moderately
steep to gently sloped terrain and low channel sinuosity with a limited floodplain. The “F” and
“G” channel types were also encountered within the Hat Creek watershed.

2.2 Land Uses and Management Activities

221 Land Ownership

The Thunder Basin L&LC watershed Study Area is approximately 1,572,390 acres within the
two counties of Converse and Niobrara. Niobrara County accounts for approximately 65% of
the area and Converse County approximately 35%.

The majority of land in the Thunder Basin L&LC watershed is privately owned with the second
largest landowner being the Federal Government. The distribution of land ownership is
illustrated in Map 16 and listed in Table 2.2.1-1.

Table 2.2.1-1 Thunder Basin L&LC Watershed Land Ownership

Landowner Acres* Percentage of Total
Federal
Bankhead Jones 17,925
Bureau of Land Management | 88,543
National Grasslands 28,723
Private 1,302,998 83
State 129,464 8

*0.01% or 188 acres of the study area were not accounted for in the Land Ownership database.
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222 Range Conditions

The following data were obtained using GIS data for grazing allotments administered by the
BLM in the Casper and Newcastle Districts. BLM grazing allotments encompass approximately
18 percent (~283,000 acres) of the land within the Study Area, which includes the Lance Creek,
Lightning Creek, Hat Creek and Angostura Reservoir watersheds (see Map 17 — Grazing
Allotments). The BLM allotment numbers and names are provided in Tables 2.2.2-1 and 2.2.2-
2. The BLM-administered allotments typically include intermingled private, state, and federally-
administered lands used for grazing and are not currently administered through grazing
agreements with Grazing Associations. Under the Record of Decision and Approved Resource
Management Plan for the Casper (BLM, 2007) and Newcastle (BLM, 2000, revised 2008)
Districts, livestock grazing permittees are required to implement management actions (e.g.,
grazing systems, land treatments, and range improvements) appropriate to the allotment
category (i.e., “C” — Custodial, “M” — Maintain, or “I” — Improve). Grazing on BLM lands to meet
these requirements is managed under the Standards for Healthy Rangelands and Guidelines for
Livestock Grazing Management for the Public Lands Administered by the BLM in the State of
Wyoming (BLM, 2007). Among the full suite of grazing management guidelines, those most
applicable to this watershed study are summarized as follows:

e Ensure that conditions after grazing use will support infiltration, maintain soil
moisture storage, stabilize soils, release sufficient water to maintain overall
system function, and maintain soil permeability rates and other appropriate
processes.

e Restore, maintain, or improve riparian plant communities to sustain adequate
residual plant cover for sediment capture and groundwater recharge.

e Implement riparian improvements (e.g., instream structures, water troughs, etc.)
to maintain or enhance appropriate stream channel morphology; develop springs,
seeps, reservoirs, wells or other water development projects in a manner
protective of watershed ecological and hydrological functions; and implement
range improvements away from riparian areas to avoid conflicts in achieving or
maintaining riparian function.

¢ Adopt management practices and implement range improvements that protect
vegetative cover and thereby maintain, restore or enhance water quality.

A set of six standards have been established to meet the above guidelines (BLM, 2007). Each
standard sets a specific objective, explains the function and importance of the objective, and
provides indicators to assess the attainment of the objective. Implementation of appropriate
range management practices and/or improvements is carried out under an activity or
implementation plan, including allotment management plans (AMPs). AMPs have been
completed for the following allotments in the Study Area (BLM, 2009):

Table 2.2.2-1 - Listing of BLM Grazing Allotments — Casper BLM District

ALLOTMENT
ALLOTMENT NAME NUMBER ACRES
BOWMAN DRAW 00376 31,950
BOX CREEK 10155 7,649
BOX CREEK 2 00247 4,542
BOX CREEK 3 00300 4,800
COLTER DRAW 00235 17,974
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ALLOTMENT
ALLOTMENT NAME NUMBER | ACRES
CONVERSE 1 00243 6,242
COTTONWOOD CREEK 10418 6,755
EAST FK. TWENTYMI 00242 3,237
ETCHEMENDY 20224 2,106
FETTERMAN CREEK 10331 2,541
FLAT TOP 00231 484
HIGHLAND FLATS 00471 2,380
HIGHLAND FLATS 2 00482 930
HORNER 20513 1
HORSE CREEK 10317 1,268
LA PRELE CREEK 4 00452 2
LIGHTNING CREEK 10324 3,738
LITTLE LIGHTNING 20202 14,276
MIKES DRAW 10302 12,484
PRIVATE - 12,309
RICE RESERVOIR 10314 12,499
SKUNK CREEK 00342 1,453
SMITH 10147 787
00341 15,696
TWENTYMILE CREEK 00384 6,227
00484 4,557
WALKER CREEK 00371 32,845
TOTAL 209,731

Table 2.2.2-2 - Listing of BLM Grazing Allotments — Newcastle BLM District

ALLOTMENT

ALLOTMENT NAME NUMBER ACRES
ALUM CREEK 14002 1,109
ANTELOPE CREEK 14027 2,166
BADLAND DRAW 04067 314
BOGGY CREEK | 04084 1,406
BOWEN FLAT 04240 681
BREWSTER DRAW 04031 555
BRIDGE CREEK | 04160 760
BRIDGE CREEK I 04394 40
BRUSH CREEK | 04028 400
BUCK CREEK HILLS 04121 279
BUCK CREEK | 04348 400
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ALLOTMENT
ALLOTMENT NAME NUMBER ACRES
BUCK CREEK Il 04153 40
BUCK CREEK NE33 04311 39
CALF DRAW 04302 1,133
CHARLIES DRAW | 04188 382
CHERRY CREEK 04316 571
CLAYTON DRAW | 04072 511
COUNTY ROAD S10 04112 119
COUNTY ROAD S22-2 04174 1,210
COUNTY ROAD S3 00728 62
COUNTY ROAD S3N 04161 47
COUNTY ROADS 04329 40
COW CREEK 04236 706
CROSS A 04152 276
DOG TOWN 04277 80
DOGIE CREEK 04346 971
DRY CREEK I 04273 41
EAGLE DRAW 04221 706
EAST FORK 04193 239
EAST MULE CREEK 04237 1,841
ELDRIGE DRAW 04029 2,816
FUNNY ROCK 04352 1,132
GOLDEN DRAW 04158 82
GREASEWOOD CREEK 04268 1,484
HARNEY HILLS 04192 45
HAT CREEK BREAKS 04327 111
04380 118
HENRY DRAW 04392 203
HIGHWAY 18 04185 120
HIGHWAY 270 S33 04191 119
HORSESHOE CREEK 04163 41
INDIAN CREEK 04181 77
JACOBY DRAW 04282 874
JOLLY DRAW 04405 163
LANCE CREEK | 04148 993
LANCE CREEK I 00555 239
LANCE CREEK Il 04397 40
LANCE CREEK IV 04118 22
LANCE CREEK NW 00724 25
LANCE CREEK V 04330 1,406
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ALLOTMENT

ALLOTMENT NAME NUMBER ACRES
LIGHTNING CREEK B 04249 634
LIGHTNING CREEK S 04168 2,751

04356 2,799
LITTLE BOGGY CREE 04213 80
LITTLE COW CREEK 04200 1,093
LITTLE LIGHTNING 04132 120
MARCUS DRAW | 04402 688
MARCUS DRAW I 04041 3,419
MERCER DRAW 04396 4,909
MIDDLE CREEK 04175 2,163
MILL CREEK 04151 40
MULE CREEK 04145 39
MULE CREEK JUNCTI 04269 517
N LANCE CREEK 04043 2,802
OLD WOMAN CREEK | 04313 200
RHAY 04347 517
RUSTY CREEK 04111 343
SAGE CREEK I 04362 480
SAGE CREEK IV 04290 99
SAGE HEN 14022 40
SIMMS DRAW | 04189 354
SIMMS DRAW I 04115 123
SNYDER CREEK I 04289 300
SNYDER CRK DRAINA 14012 1,403
SOTHMAN DRAW 04371 41
SOUTH COTTONWOOD 04239 557
SPRING CREEK | 04314 233
SPRING CREEKII 04250 236
TELEPHONE DRAW 04122 992
TIMBER DRAW 04328 5,265
TWENTYMILE CREEK 04157 8,507
UPPER LIGHTNING 04331 367
WALKER CREEK 04345 1,333
WEST BULL CREEK | 04274 659

14001 734
WHEATGRASS DRAW 04199 159
YOUNG WOMAN CREEK 14007 80
NA - 840

TOTAL 73,148

OLSSON Project No. 010-1333

Page 39



Wyoming Water Development Commission Thunder Basin L&LC Watershed Management Plan
WWDC Contract # 05SC0294198 Level | Watershed Study

The following data were obtained using GIS data for grazing allotments administered by the
Forest GIS Coordinator, Medicine Bow - Routt National Forests and Thunder Basin National
Grassland. U.S. Forest Service grazing allotments encompass approximately 7.5 percent
(~118,000 acres) of the land within the Study Area (see Map 17 — Grazing Allotments). The
allotment numbers and names are provided in Table 2.2.2-3. These grazing allotments listed
below are administered by the Forest Service through grazing agreements with the Thunder
Basin Grazing Association.

Table 2.2.2-3 - Listing of U.S. Forest Service Grazing Allotments

Allotment Allotment

Name Number Acres
Alexander 09201 15,729
Downs 09206 7,509
Fiddleback 09231 4
Johnson 09216 4 567
Ketelson 09219 43,211
Lightning Creek 09277 3,716
Miller Hills 09233 2,375
Pellatz 09235 646
Reed 09238 558
Rothleutner 09246 108
Sadler 09248 6
Sheldon Draw 09245 4,991
Steinle 09253 599
Tena Creek 09244 5,158
Thomson 09259 6,848
Tillard 09227 14,890
Weiss 09261 4,032
Grand Total 118,240

Grazing agreements are grazing permits authorizing grazing associations to conduct specified
amounts of grazing on National Forest System lands for a period of ten years or less and
include provisions for the association to issue grazing permits to their members 36 C.F.R.
8§222.3(c)(1). The grazing associations are responsible for administering issued permits in
conformance with the appropriate law and regulations, allotment management plans, and rules
of management (USDA, 1997). The 2001 Medicine Bow National Forest Land and Resource
Management Plan directs resource use on the Thunder Basin National Grassland. An
Environmental Impact Statement addressing upland water development, among ther issues,
was finalized and incorporated into the management plan in 2007. Guidelines (to be applied on
a grassland-wide scale) for the management of livestock grazing to maintain or improve
riparian/woody draw areas includes the following:

e Avoid season-long grazing and activities, such as feeding, salting, herding, or
water developments, which concentrate livestock in riparian/woody draw areas.

e Control the timing, duration, and intensity of grazing in riparian areas to promote
establishment and development of woody species.
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The Environmental Impact Statement focused on areas within the Thunder Basin National
Grassland, the Thunder Basin Analysis Area (USDA, 2007) to determine how existing resource
conditions compare to the desired conditions outlined in the Thunder Basin National Grassland
Land and Resource Management Plan (LRMP). The result would be the development of a
management strategy to maintain or improve rangeland conditions which could be incorporated
into individual AMPs. Area-wide design criteria established from the Environmental Impact
Statements (EISs) include the following items that directly relate to this watershed study:

¢ Rotate livestock season of use in riparian areas to increase rush, sedge, shrub,
and tree canopy cover.

¢ If the desired condition of a specific riparian area includes increasing willow cover
or cottonwood density, livestock would be managed to improve riparian woody
species.

e Manage livestock use through control of time/timing, and duration/frequency of
use in riparian areas and wetlands to maintain or improve long-term stream
health. Exclude livestock from riparian areas and wetlands that are not meeting
or moving towards desired condition objectives where monitoring information
shows continued livestock grazing would prevent attainment of those objectives.
Grazing intensity or amount of forage utilization in uplands would be light to
moderate in areas requiring an upward trend in vegetation, watershed, and/or
soil health. Decrease livestock congregation in riparian areas and adjust livestock
grazing distribution in areas of concern through appropriate analyzed
management options.

o Keep stock tanks, salt supplements, and similar features out of the Water
Influence Zone if practicable and out of riparian areas and wetlands always.
Keep stock driveways out of water Influence Zone except to cross at designated
points. Armor water gaps and designated stock crossings where needed and
practicable.

State Grazing Leases. Most of the state lands within the Study Area are leased to private
landowners for grazing. These leases are typically issued by the Board of Land Commissioners
and administered by the Office of State Lands and Investments. Grazing management,
practices and improvements on state lands are usually established and implemented by the
lessee. Improvements are normally paid for and owned by the lessee with reimbursement by the
new lessee upon transfer of the lease.

Grazing on Private Lands. Grazing practices on private lands are established by the
landowner, often with technical assistance from the local NRCS staff and/or a range consultant.
Range improvement projects implemented under an NRCS program follow the guidelines
established in the plan of operations developed for the property and/or applicable NRCS
technical guidelines as adapted for local conditions.

2.2.2.2 Ecological Site Descriptions

Practical potentials of grazing resources are best understood when landscape units with

homogenous growing conditions such as precipitation, soils, slope, and geomorphic nature are

identified and separated from each other. The USDA NRCS has accomplished this task for the

Thunder Basin Phase |l study area. These units known as Ecological Sites are included in the

NRCS Electronic Field Office Technical Guides (eFOTGs) for Converse and Niobrara counties.

These eFOTGs are available online at the following Web site:
http://www.nrcs.usda.gov/technical/efotg/
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As mentioned earlier, the ESDs for most of the study area are currently being revised to
incorporate on-going research into state descriptions and transition tipping points.

ESDs are grouped by precipitation zones; a total of 25 ecological sites are applicable for the
Lance Creek, Lightning Creek, Hat Creek and Angostura Reservoir watersheds (Map 5,
Ecological Sites). As an example, a copy of the most prevalent ESD for the these four
watersheds (MLRA 58B, Site Type: Rangeland, Site Name: Loamy (Ly) 10 inches to 14 inches
Northern Plains Precipitation Zone, 429,669 acres) is included in Appendix C — Ecological Site
Description. The ESD addresses the full range of physiographic and climatic features,
influencing water features, representative soil features, plant communities, wildlife
interpretations, grazing interpretations, hydrology functions, recreational uses, and other
information relevant to the site type. The GIS database developed for this Level | study and/or
NRCS staff can assist in identifying the applicable ESDs to a given area. These ESDs can then
be easily downloaded in .PDF format from the previously cited Web site. The 25 ecological sites
occurring within the study area are summarized by acreage in Table 2.2.2-4.

Table 2.2.2-4 - Ecological Sites within the Thunder Basin L&LC Watershed

Ecological Site Name Approximate Acreage

SANDS (15-17SP) 95
SUBIRRIGATED (10-14NP) 1,269
ROCK OUTCROP 1,778
WATER 1,856
LOAMY (15-17SP) 2,058
SHALLOW SANDY (15-17SP) 2,160
SHALLOW POROUS CLAY (10-14NP) 2,430
SALINE LOWLAND (10-14NP) 2,486
POROUS CLAY (10-14NP) 3,435
CLAYEY OVERFLOW (10-14NP) 4,172
LOAMY (12-17SP) 5,420
SANDS (10-14NP) 6,646
OVERFLOW (10-14NP) 15,298
DENSE CLAY (10-14NP) 22,522
SANDY (15-17SP) 25,305
SALINE UPLAND (10-14NP) 25,740
SHALLOW SANDY (10-14NP) 38,156
SHALLOW CLAYEY (10-14NP) 41,040
LOWLAND (10-14NP) 48,380
SANDY (12-17SP) 55,066
SHALE (10-14NP) 91,412
SANDY (10-14NP) 132,120
CLAYEY (10-14NP) 132,854
SHALLOW LOAMY (10-14NP) 228,212
VERY SHALLOW (10-14NP) 248,075
LOAMY (10-14NP) 429,669
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The Thunder Basin L&LC watershed includes three precipitation zones: 10 inches to 14 inches;
12 inches to 17 inches; and 15 inches to 17 inches. These are shown in parentheses in the title
of the ecological site. Ecological site descriptions can be used to compare what is growing on
rangeland sites with what each is capable of supporting. Such comparison allows the relative
health (ecological condition) of the range resource to be evaluated. Forage production of each
site is closely related to the ecological condition of the site. Watershed values also are tied to
the condition class. For example, areas with reduced ground cover have greater potential for
limited infiltration and increased runoff; similarly, degraded sites may have soils with reduced
organic content and consequently degraded soil structure, which likewise limits moisture
infiltration and holding capacity.

Comparison of existing conditions to the historic “ideal” for a given ecological site facilitates a
classification of range condition that expresses the degree to which the existing plant
community reflects potential natural conditions. Four classes often have been used to make this
categorization as follows: 76 percent to 100 percent; 51 percent to 75 percent; 26 percent to 50
percent; and O to 25 percent. In early years these categories were identified as excellent, good,
fair and poor. More recently, the BLM has referred to these as seral, late seral, mid seral and
early seral, respectively.

In the detailed analysis of range condition conducted by the U.S. Forest Service on the Thunder
Basin National Grasslands (USDA, 2007), a similar evaluation of range condition using a seral
stage model (Benkobi and Uresk 1996) was employed. A comparison was made of existing
conditions to the desired conditions as set forth in the Thunder Basin Land and Resource
Management Plan (USFS 2001). In the latter plan, it was not a given that all areas should
ultimately come to qualify as late seral (the Benkobi and Uresk most advanced seral stage).
Rather, a mix of seral stages with accompanying differences in species richness and structure
among other things was targeted. Even though the goal of late seral was 10 percent to 25
percent, depending on the sub-area (and not 100 percent), the overall Thunder Basin Grassland
rating was somewhat low (USDA, 2007). However, data for the vegetation analysis was
collected from 2003 to 2005, during the drought, which may have negatively impacted the seral
stage classifications. A more detailed analysis of range condition and specific range attributes
can be found in USDA (2007).

2.2.2.3 Range Conditions

Distribution of water sources are critical to the implementation of a functional grazing
management system. Evaluation of range condition can be used to identify areas that will
benefit, over time, from a plan to adjust exposure to grazing to the benefit of more nutritious and
productive species. However, such plans inevitably require that reliable livestock and wildlife
water is available.

Fundamentals of science-based range management revolve around the health of individual
range plants. The degree to which plants are allowed access to their basic needs determines
their over-all well-being and their ability to produce useable forage. That useable forage is at
once the sought-after product and the means by which future plant production is enabled.
Above ground parts of range plants are the means by which carbohydrates are produced.
Some amount of this production must be reserved to enable construction of new photosynthetic
parts (leaves and stems) in future years. Removal of the capacity to produce these
carbohydrates by defoliation has been proven to diminish the capacity of range plants to renew
growth in future seasons. Hence, the objective of range management is the balancing of
grazing use (defoliation) with the maintenance of the energy budget of the range plants. This
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balance is not usually possible to achieve by adjusting only the number of animals continuously
present on a pasture. Rather the balance is struck by limiting the exposure to any defoliation
and leaving the plants and their photosynthetic parts at rest for planned periods. Achieving this
balance is complicated further by the fact that livestock are not the only grazers. Other grazers
present in the study area include rabbits, prairie dogs, and big game such as antelope, deer,
and elk. Rabbit and prairie dog populations are cyclical due to disease but when they are at
normal levels, they can be significant consumers of vegetation. Big game populations can be
controlled somewhat by hunting license quotas set by WGFD. However, protecting vegetation
from defoliation from these grazers is much more difficult than for livestock. Length of rest from
defoliation is important but the timing of the harvest is also highly influential in encouraging (or
discouraging) long-term plant health.

In as much as creeks and drainage ways are often the location of what water is available,
livestock pressure in these portions of the landscape is disproportionately great. With dispersal
of livestock watering sources to uplands, not only are riparian areas relieved of grazing and
trampling pressure, but little-used forage on remote uplands may be accessed by foraging
animals.

Ultimately, improved health of perennial range plants yields greater ground cover and average
overall height. This will tend to enhance snow-catch in winter and reduce surface water runoff
during melt out and rain events. The latter tends to enhance soil moisture infiltration which
feeds back to improved plant growth and more firmly controlled competitive advantage by these
desirable plants, with resulting improved resistance to invasion of weeds. Enhanced soll
moisture infiltration also increases the likelihood that moisture will pass through the soil and into
groundwater and may support more continuous moisture supply to riparian and swale sites.

Range management in recent times has also come to incorporate concern with wildlife habitat
conditions. While a heterogeneous landscape is necessary to meet the habitat needs of the
diverse wildlife in the study area, high structure areas are generally the most difficult to achieve.
Rested rangeland vegetation mosaics may enhance availability of forb buds, flowers, fruits and
seeds highly sought after by many wildlife species, and greater plant height and cover in
general offers improved habitat for native insect and arachnid populations that birds especially
find necessary. The alternative water resource improvements presented in this report will
achieve their highest and their most durable positive effects in conjunction with well-reasoned
range management planning that directs and times livestock activities in accordance with range
plant health.

2.2.3 Oil and Gas Production

Exploration and production of oil and natural gas has been commonplace in Wyoming for at
least 125 years. Over this time, extraction of these commodities has become an important part
of the Wyoming economy. Nationally, Wyoming ranked 8th in crude oil production in 2009 and
3rd in natural gas production in 2008 (U.S. EIA, 2010). Sublette County was the highest oll
producer in 2009 at 7.94 million barrels with Campbell and Park Counties close behind with
production volumes of 7.5 and 7.46 million barrels, respectively. Sublette County far outpaced
other Wyoming counties in natural gas production in 2009 with a total volume of 1.2 billion cubic
feet extracted (Wyoming Oil and Gas Conservation Commission).

Map 18 illustrates the distribution of oil and gas fields in the study area. The largest fields are
situated primarily in the Lightning watershed, where approximately 160,000 acres have been
designated as "High" potential areas for oil and gas according to the U.S. Department of
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Interior's former Bureau of Mines (U.S. Bureau of Mines, 1990a). Smaller, more isolated oil and
gas fields are found throughout much of the Lance Creek watershed, with the largest productive
zones found near the town of Lance Creek. Data Summary 2.2.3-1 (Appendix A) lists the active
oil and gas fields identified in Map 18. The locations of all active wells are available through the
Wyoming Oil and Gas Conservation Commission.

Over the last decade (2000-2010), the Powder River Basin withessed a substantial increase in
the number of Coal Bed Methane (CBM) wells. According to the Final Environmental Impact
Statement prepared to address the potential impacts of increased CBM development in the
basin:

Development of oil and gas in the PRB (Powder River Basin) is generally classified into
two categories: CBM and non-CBM. Development of CBM resources began in the mid-
1980s. With advancements in technology, development and production of CBM has
been increasing substantially since the mid-1990s. In contrast, production of non-CBM
resources was relatively stable from 1986 through 1991, but has been declining sharply
since (BLM, 2001). Overall, oil and gas development in the PRB, exclusive of CBM, is
expected to decline slowly (BLM, 2001).

A significant amount of water is produced during the CBM extraction process, with lesser
amounts produced during conventional oil and gas primary production. Table 2.2.3-1 lists the
amount of ail, gas, and water produced during oil and gas production in Wyoming with the two
counties in the watersheds (Converse and Niobrara) highlighted for emphasis. These two
counties alone account for about five percent of the total crude oil production in Wyoming in
2009 and just over one percent of the state's total natural gas production
(http://wogcc.state.wy.us/cfdocs/2009 _stats.htm). Although Converse and Niobrara Counties
extend well beyond the boundaries of the watersheds, the data in Table 2.2.3-1 is useful for
comparing orders of magnitude of oil, gas and water production in the state. Although over 18
million barrels of water (~2,381 ac-ft) were produced in 2009 in Converse and Niobrara
Counties from extraction of oil and natural gas, the amount of water discharged to the land
surface during CBM production within the study area is expected to be limited because CBM
production is concentrated to the north of the Thunder Basin L&LC watershed. Water produced
during conventional oil and gas extraction is normally unsuitable for livestock consumption and
is generally re-injected, allowed to evaporate in surface disposal pits, or disposed of in other
ways.

Although surface discharge of deep aquifer water currently occurs on a limited basis in the
watersheds, some potential may exist for an increase in CBM production based on the mapped
potential for coal deposits in the study area (Map 19). How the increase in CBM production has
impacted groundwater and surface water supplies has been a topic of discussion for
landowners north of the study area watersheds. The impact of this groundwater withdrawal and
subsequent release of water during production of the CBM was not the focus of this study.
Several recent publications have been prepared in order to address some of the significant
issues related to increased CBM production. The most recent comprehensive document on this
topic is the USGS Water Resources investigation report 02-0-4045, 2002.
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Table 2.2.3-1 2009 Oil and Gas Production Summary

% State % State % State
Total Year oil Total Year Gas Total Year Water

COUNTY Wells 0il/BBLS Total Gas/MCF Total Water/BBLS Total
ALBANY 37 53,509 0.1 6,296 0 4,128,498 0.2
BIG HORN 457 1,877,419 3.7 2,634,990 0.1 167,562,752 7.3

CAMPBELL 13,468 7,498,711 14.6 142,106,355 5.6 398,841,184 17.3
CARBON 1,745 1,773,527 3.5 130,578,894 5.1 78,334,515 3.4
CONVERSE 960 1,874,627 3.7 8,304,798 0.3 6,075,325 0.3
CROOK 433 1,533,003 29 42,162 0.002 27,827,828 1.2
FREMONT 1,310 3,229,297 6.3 164,159,045 6.5 180,580,529 7.8

GOSHEN 2 0 0 104,404 0.004 384,068 0.02
HOT SPRINGS 701 2,891,363 5.6 441,685 0.017 223,321,297 9.7
JOHNSON 3,539 1,026,266 2.0 365,361,198 14.4 166,688,560 7.2
LARAMIE 103 345,263 0.7 100,918 0.004 1,170,824 0.1
LINCOLN 1,398 817,239 1.6 82,243,996 3.2 1,275,933 0.1

NATRONA 1,754 4,628,493 9.0 29,002,409 1.1 289,565,264 12.5
NIOBRARA 233 514,756 1.0 2,073,213 0.08 12,396,384 0.5

PARK 1,234 7,458,707 14.5 11,168,545 0.4 540,947,917 23.4
SHERIDAN 2,963 25,426 0.1 63,323,493 2.5 116,333,506 5.0
SUBLETTE 4,209 7,941,449 15.5 11,928,35232 47 24,762,030 1.1
SWEETWATER 3,069 5,122,918 10 23,093,4287 9.1 53,301,604 2.3
UINTA 408 1,101,775 2.1 10,662,8444 4.2 3,141,217 0.1
WASHAKIE 368 729,361 1.4 2,416,769 0.1 10,065,949 04
WESTON 1,176 908,556 1.8 1,861,184 0.07 3,884,540 0.2

County Totals 39,567 51,325,207 2,536,375,250 2,310,589,893
Source: Wyoming Oil and Gas Conservation Commission (wWww.wogcc.state.wy.us)

2.2.4 Mining and Mineral Resources

The Powder River Basin is one of the most prolific coal-producing regions in the world. Much of
the active mining in the Powder River Basin occurs just north of the study area in the Thunder
Basin along the drainages of the Cheyenne River. In 2008, the Powder River Basin alone
produced nearly 97 percent of Wyoming's extracted coal (452 million tons), an amount nearly
three times that of West Virginia, the nation's second ranked coal producing state (U.S. EIA,
2008). Powder River Basin coal is highly sought because of its low-sulphur, sub-bituminous
composition that requires little preparation for use as a power plant fuel. In addition to these
gualities, Powder River Basin coal has high heat content. For example, coal from the Black
Thunder mine has a heating value of 20.3 MJ/kg with an ash content of around 5 percent. The
moisture content of some Powder River Basin coals increases reactivity potential to the extent
that spontaneous combustion can be a problem if not properly managed. More detailed
information on Wyoming coal production, including data on individual mines can be found online
at http://www.wma-minelife.com/coal/coalfrm/coalfrm1.htm.

The nearest active coal mine to the study area is the Antelope Mine, about 16 miles north of the
Lightning watershed boundary in northern Converse County. The Antelope Mine produced over
34 million tons of coal in 2009 (Wyoming Mining Association website). Although no active coal
mines exist in the study area, data from the Wyoming Geographic Information Science Center
indicates that nearly 40,000 acres of land, primarily in the Lightning watershed and the
northwest corner of the Lance Creek watershed have "High" potential for coal production (Map
19). The remainder of the Lightning watershed and the northwest half of the Lance Creek
watershed are desighated as having "Moderate" potential for coal development. Little potential
exists for coal development in the remainder of the Lance Creek watershed as the contact
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between the coal-bearing Tertiary formations and the older Lance Formation coincides roughly
with the northeast-trending portion of the Lightning and Lance Creek watershed boundary.

2.2.5 Other Minerals

Map 20, Other Mine Sites and Mineral potential, delineates the locations of uranium, bentonite,
limestone and other metal mining potential in the study area. Both the Lightning and Lance
Creek watersheds contain isolated areas of potential uranium development (U.S. Bureau of
Mines, 1990b). Potential deposits in the Lightning watershed can be found near the western
watershed boundary in an area where the Wasatch Formation is mapped as the primary
bedrock unit. Potential areas for uranium in the Lance Creek watershed can be found about 10
miles northeast of the town of Lance Creek in an area underlain by Cretaceous bedrock units.
Currently, Cameco Resources, Inc. (formerly Power Resources) operates one active in-situ
uranium mine, Highland, in the study area near the deposits in the far western extent of the
Lightning watershed. Cameco Resources also operates another in-situ uranium mine just west
of the Lightning watershed boundary in combination with the Highland mine (Wyoming Mining
Association, 2010).

2.2.6 Transportation and Energy Infrastructure

The main transportation routes across Thunder Basin are illustrated in Map 21, Major Roads
and Railroads. Highway 18-85 and Highway 59 are the main north/south routes with Highway
18-20 serving as the east/west route. Highway 270 provides a route north from Manville to
Lance Creek (the heart of the study area) and east to Highway 18-85. Due to the high coal
production rates to the north of the study area, the rail lines in the area have an extremely high
volume of rail traffic. Maps 22 and 23, Major Pipelines, Major Electric Transmission Lines,
respectively, provide information on the location of major pipelines and power lines in Thunder
Basin L&LC watershed. Information on primary infrastructure such as dams and bridges will be
used when siting water storage projects as discussed later in this report.
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3.0 Watershed Inventory

3.1 Irrigation Inventory

3.1.1 Overview

The Thunder Basin L&LC watershed accounts for approximately 1,572,390 acres of land in
northeast Wyoming. There are approximately 14,913 acres of irrigated land, or <0.1%. These
few irrigated acres are vital to the ranchers in the area. The grasses that grow on the irrigated
lands help sustain the rancher’s cattle and livelihood. Local ranchers estimate that it takes
60acres of non-irrigated land to support one Animal Unit Equivalent (AUE). The irrigated acres
supplement the rangeland forage supply for the cattle during difficult winter months and
excessive drought conditions.

The following sections discuss the irrigated agriculture of Thunder Basin L&LC watershed
including: the lands currently being irrigated; the current and potential future cropping pattern;
and the irrigation methods used. It should be noted that evaluation of the potential for
developing new irrigated lands was not included in the scope of this Level | study. This is not to
say, however, that additional lands suitable for irrigation are not present in the watershed.

Irrigated Lands Mapping

Map 24 illustrates the distribution of irrigated land in Thunder Basin L&LC. Soil Surveys from
the USDA and NRCS were used to create the map of the irrigated lands. The data from USDA
and NRCS, show which areas of Thunder Basin L&LC watershed are best suited for irrigation
based on soil type. Maps that show irrigated lands overlain on topographic maps were obtained
from the University of Wyoming. Color infrared (CIR) satellite imagery from 2002 was used to
identify irrigated lands on an individual basis. Almost all of the irrigated lands in the watershed
are located in the overbanks and flanking terraces along the streams and rivers in Thunder
Basin L&LC watershed.

The irrigated lands identified in the NE Wyoming Basin Plan study were digitally overlain on
digital orthophoto quarter quadrangle (DOQQ) CIR photography flown in 2002 which is the
latest available coverage suitable for this purpose. The red color on the CIR aerials indicates
the presence of growing vegetation. When comparing the CIR aerials to the irrigated lands
maps we could see where the vegetation was thriving and where it was sparse. When looking at
the CIR aerials, it was interesting to note that many of the irrigated areas shown on the irrigated
lands maps did not appear to be irrigated when looking at the CIR aerials. The smaller number
of irrigated lands on the CIR aerials would suggest that due to severe drought conditions, fewer
crops were being planted and/or the crops were not thriving.

Soil Irrigation Class

According to the USDA soil irrigation class map as illustrated in Map 25, the soils in the Thunder
Basin L&LC watershed can be described as having severe limitations that reduce the choice of
plants or require special conservation practices in order to achieve success with irrigation.
Table 3.1.1-1 provides a summary of the soil irrigation class and percent of total acres that are
mapped in the basin according to the classification scheme. As listed in Table 3.1.1-1, there are
no Class | or Il soils mapped in the watershed. Due to existing soil conditions, the variety of
crops that can be effectively grown is limited to extremely hardy crops as shown in Table 3.1.1-
2.
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Table 3.1.1-1 Irrigation Class Distribution in Thunder Basin L&LC

igati Abbreviated Description of Irrigation Capabilit

g;;?aa;:ﬁtny Clrfl)ssificationg P Acres | Percent
Class | Soils that have slight limitations that restrict their use. 0 0
Class Il Soils that have moderate limitations. 0 0
Class Il Soils that have severe limitations. 338,902 22
Class IV Soils that have very severe limitations. 380,764 24
Class V Soils that have other limitations. 1,533 0.1
Class VI Soils that have severe limitations. 216,029 14
Class VIl Soils that have very severe limitations. 612,977 39
Class VI Soils and miscellaneous areas that have limitations 15,593 1
Water 1,856 0.1

Note: A full description of the irrigation class is provided on Map 25.
Cropping Patterns

According to 2002 USDA data, the only crop grown in the Lightning Creek and Hat Creek sub-
basins is grass hay. The Lance Creek and Angostura Reservoir sub-basins are a little more
diverse; with some alfalfa, grain, and corn in addition to the grass hay crop. Grass hay still
accounts for 87% of the actively irrigated crops in the Thunder Basin L&LC watershed. Its lower
water needs and ability to grow in poor soil conditions make grass hay the best crop for this
region.

Table 3.1.1-2: Summary of Irrigated Crops in Thunder Basin L&LC

Crop (acres) Total

Sub-basin Name | HUC Alfalfa | Grass | Grain | Corn | Idle | Total | Active
Lance Creek 10120103 790 | 6,309 114 48 801 | 8,062 7,261
Lightning Creek 10120101 0| 2,211 0 0 643 | 2,854 2,211
Angostura
Reservoir 10120106 877 | 2,860 127 53 288 | 4,205 3,917
Hat Creek 10120108 0| 1,869 0 0 72| 1,941 1,869

Total | 1,667 | 13,249 241 | 101 | 1,804 | 17,062 15,258

Irrigation Methods

Crops in the study area are primarily irrigated using surface water. Surface water is the only
source of water used in the irrigation of the Hat Creek and Angostura Reservoir watersheds.

Surface water accounts for 91% of agricultural irrigation in the Lance Creek watershed, with
groundwater being used for 9% of irrigation. Surface water accounts for 80% of agricultural
irrigation in the Lightning Creek watershed, with groundwater being used for 20% of irrigation.
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Table 3.1.1-3: Primary Source of Irrigation Water in Thunder Basin L&LC

Acres of Irrigated Land

Sub-basin Name HUC Groundwater | Surface Water | Total
Lance Creek 10120104 667 7,395 | 8,062
Lightning Creek 10120105 469 2,385 | 2,854
Angostura
Reservoir 10120106 0 4204 | 4,204
Hat Creek 10120108 0 1,941 | 1,941

Total 1,136 15,925 | 17,061

Groundwater is used on approximately 7% of the irrigated land in the Thunder Basin L&LC
watershed. Depth and availability make it difficult to extract large quantities of water from
irrigation wells. There are only 4 wells in the entire Thunder Basin L&LC that yield more than
400 gpm. The few wells that can pump over 400 gpm are expensive to install and operate due
to the depth from which the water must be extracted. Solar and wind powered wells typically
observed across the Thunder Basin L&LC watershed are not potential irrigation well candidates.
The typical flows obtained from either the solar or wind powered wells are in the range of 5-10
gpm and these flows are too small to consider them for irrigation use.

Flood irrigation is the most common form of irrigation in Thunder Basin L&LC watershed; it also
happens to be one of the most cost efficient. With flood irrigation, expenses include the
construction and maintenance of the diversion structures. Diversion structures can be
expensive to build; however, they generally have a low maintenance costs. The drawback to
using flood irrigation is that it is dependent on precipitation events that can be highly variable
and unpredictable in the Thunder Basin L&LC watershed. Most flood irrigation systems in this
region of Wyoming receive water directly from uncontrolled rivers and streams. Many rivers and
streams in the watershed have little or no continuous flow; only after rainfall events do they have
sizable flows. This makes flood irrigation difficult, as there isn’t a reliable supply of water.
Reservoirs offer more irrigation reliability as they contain the runoff from storm events and hold
it to be used at a later date. With both reservoirs and the flood irrigation, sedimentation is also
a significant issue to contend with. Sedimentation is discussed in more detail in Section 4.2.2.2.

3.1.2 Irrigation System Descriptions

Most, if not all, of the irrigation systems in Thunder Basin watershed are small, privately owned
systems. Many of them are old, or dated systems with needed improvements and maintenance.
These irrigation systems service areas ranging from a few acres to a couple hundred acres.
The irrigation classifications are as follows:

A- Fully Irrigated Land (typically receives a full water supply.)

B- Partial Service Irrigation (typically receives a reduced water supply due to limited
water availability or the inability to provide complete field coverage.)

C- Man Induced Sub-irrigation (beneficial use resulting from incidental irrigation such
as ditch seepage to areas below a canal.)
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S- Spreader Dike Irrigation (dikes constructed across ephemeral streams to spread
infrequent flows over the land to increase beneficial use.)

H- Minor Beneficial Use (lands that receive some beneficial use on occasion such as
lands served by kick-out ditches on ephemeral streams.)

E- Idle Irrigation (lands not currently receiving water, typically due to nonfunctional
delivery systems.)

As listed in Table 3.1.2-1, less than 4% of the land in the Thunder Basin L&LC watershed is
considered fully irrigated. During drought conditions this percentage will drop further. Most of
the systems fall into the B, S, and H categories. These systems are supplied with water from
ephemeral streams. They don’t receive a full or steady supply of water.

Table 3.1.2-1: Summary of Irrigated Lands by Irrigation Classification (acres)

Irrigation Classification

Sub-basin A B C Total S H E
Name HUC (Full) | (Partial) | (Sub) | ABC | (Spreader) | (Minor) | (Idle) | Total
Lance
Creek 10120104 643 2,870 43 3,556 2,308 1,397 801 | 8,062
Lightning
Creek 10120105 0 393 0 393 1096 722 643 | 2,854
Angostura
Reservoir 10120106 0 1773 0 1,773 688 1455 288 | 4,204
Hat Creek | 10120108 0 1442 0 1,442 46 381 72| 1,941

Total 643 6,478 43 7,164 4,138 3,955 | 1,804 | 17,061
3.2 Groundwater Development Inventory

3.2.1 Groundwater Development Description

Based on the state engineer’s July 2008 database, there are approximately 1,962 wells that are
fully adjudicated/in good standing in the Thunder Basin L&LC watershed. The primary uses of
the wells are listed in Table 3.2.1-1 and illustrated in Map 26, Groundwater Registered Wells
Inventory Map. As listed in the table, stock wells are the most numerous water wells in the
watershed.

Maps 27, Groundwater Registered Well Yield, and Map 28, Groundwater Registered Well
Depth, illustrate the well yields and completion depths of the registered wells in Thunder Basin
L&LC. This information is useful in reviewing additional opportunities to install wells. A more
detailed geologic evaluation would be needed before a well construction project could be
initiated, but information on well-depth and yield can provide preliminary information on the
productivity and installation costs of proposed new wells.
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Table 3.2.1-1 Registered Well Use in Thunder Basin L&LC

Registered | Percentage
Well use Wells of Total

Stock 1,173 60%
Other 453 23%
Domestic/Stock 205 10%
Domestic 94 5%
Industrial 37 2%
CBM 0 0%
Total 1,962 100%

3.3 Water Storage Site Inventory

Development of additional surface water storage opportunities within the Thunder Basin L&LC
study area was a key objective of this Level | study. Providing additional water for irrigation and
livestock/wildlife watering were the highest priorities for the study sponsors. Potential
recreational opportunities and improvement of the riparian corridors also were important
considerations. To create additional storage, both storage needs and potentially available water
must be evaluated. The following sections discuss the potentially available and projected water
shortages, existing reservoirs, and previous water storage investigations.

3.3.1 Surface Water Availability and Shortages

Information developed for the Northeast Wyoming River Basins Plan Final Report (HKM, 2002a)
provided the basis for evaluating water availability and shortages as it related to proposed water
storage projects in the Thunder Basin L&LC study area. The Northeast Wyoming River Basins
Model consists of four water accounting spreadsheets that represent four sub-basins within the
area. They are the Beaver Creek Model, the Belle Fourche Model, the Cheyenne River Model,
and the Red Creek Model. The Cheyenne River model includes the main stem Cheyenne River,
along with 17 tributaries. The models were developed as a planning tool for the state of
Wyoming and local water users to determine where available flows might be available for future
development.

The following paragraphs summarize the model development, as described in the technical
memorandum documenting the Northeast Wyoming River Basins Plan Spreadsheet Model
Development and Calibration (HKM 2002b).

The models are intended to simulate water use and availability under existing conditions. Three
models were developed, reflecting each of three hydrologic conditions: dry, normal, and wet
year water supply. The spreadsheets each represent one calendar year of flows, on a monthly
time step. The modelers relied on historical gage data from 1970 to 1999 to identify the
hydrological conditions for each year in the study period. Streamflow, estimated actual
diversions, full supply diversions, irrigation returns, and reservoir conditions are the basic input
data to the models. For the reaches in the Cheyenne River model, the dry years ranged from
73% to 98% lower than the normal years, with an average of 85% lower than normal. The wet
years ranged from 63% to 706% higher than normal years, with an average of 312% higher than
normal.

The models do not explicitly account for water rights, appropriations, or compact allocations nor
is the model operated based on these legal constraints. Further, the model does not associate
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supplemental reservoir releases to the appropriate water users. However, by calibrating the
models to historical streamflows at gaged locations, the models can be used to generally
represent existing operations. Theoretical maximum diversion requirements were calculated
using the mapped acreage of irrigated lands and consumptive irrigation requirements (CIR)
were provided by the Consumptive Use and Consumptive Irrigation Requirements — Wyoming
(Pochop et al., 1992.) The models were calibrated by adjusting the estimated actual diversions
and diversion demands as well as irrigation efficiencies, duration of irrigation, and irrigation
return flows.

To mathematically represent the Cheyenne River sub-basin, the river system was divided into
reaches based primarily upon the location of major tributary confluences. Each reach then was
subdivided by identifying a series of individual nodes representing diversions, reservoirs,
tributary confluences, gages, or other significant water resources features. Figure 3.3.1-1,
Model Nodes and Reaches Schematic, shows the model elements for the Cheyenne River
portion of the Northeast Wyoming Basins model.

Available Surface Water and Ground Water Determination
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Reach 26
Node 39.02 Robber's Roost Creek
Reach 22

Node 33.02 Seven Mile Creek

Reach 16

Node 44.02
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Figure 3.3.1-1 Cheyenne River Model Node Diagram (HKM, 2002a).
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At each node, a water budget computation was completed to determine the amount of water
that bypasses the node. At non-storage nodes, the difference between inflow, including
upstream inflows, return flow, imports and basin gains, and outflows, including diversions, basin
losses and exports, is the amount of flow available for the next node downstream. For storage
nodes, an additional loss calculation for evaporation and the change in storage was evaluated.
Also at storage nodes, any uncontrolled spill that occurs is added to the scheduled release to
determine total outflow. Diverted amounts at diversion nodes are the minimum of demand (the
full supply diversion at the structure) and physically available streamflow. The mass balance, or
water budget calculations, is performed for all nodes in a reach.

“Available water” at a given reach terminus was defined as the minimum of the physically
available flow at that point and the available flow at all downstream reaches (HKM, 2002c).
Available flow was defined first at the most downstream point and then upstream availability
was calculated in stream order. The calculations were made on a monthly basis, and annual
water availability was computed as the sum of monthly values. Calculating the annual
availability in this way yields a different result than applying the same logic to annual flows for
each reach. The summation of monthly values is more accurate, since it reflects the constraints
of downstream use on a monthly basis.

Tables 111-16, 111-17, and 11I-18 of the Northeast Basins report (HKM, 2002a) show the monthly
and annual available water by model reach for the Cheyenne River basin. A summary showing
the annual available water is depicted in Table 3.3.1-1. The annual available water in Lance
Creek is 3,184 acre-feet, 18,323 acre-feet, and 44,909 acre-feet for the dry, normal, and wet
hydrologic conditions, respectively. Mule Creek, downstream of Lance Creek but within the
overall study area had water availability of 6 acre-feet, 33 acre-feet, and 80 acre-feet for the dry,
normal, and wet years, respectively. These values represent the annual availability, as opposed
to the sum of the monthly availability. Annual availability for normal year hydrologic conditions
is shown in Map 29, Available Surface Water. The model indicated shortages in many of the
reaches based on physically available water compared to demands on water. These reaches
are highlighted in blue on Table 3.3.1-1.

The model has limitations, which should be considered when reviewing the model and its
results. The most significant limitation is that the model does not account for diversions in
accordance with Wyoming water law. Downstream senior rights are not given priority, which
should result in an upstream junior right incurring a shortage. Though the model does not
account for this occurrence, historical diversion data would reflect these actual operational
conditions. If a Level Il study of a particular storage project is to be undertaken, it is suggested
that StateMod or similar model be developed so that water rights can be appropriately exercised
and potential water availability can be more accurately estimated.
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Table 3.3.1-1 Annual Available Flow Data for Cheyenne River Basin for Dry, Normal, and
Wet Year Hydrologic Conditions (acre-feet) as reported in Northeast Wyoming River
Basins Report (HKM, 2000a)

Normal Wet
Reach | Reach Name Dry Year Year Year
1 Dry Fork Cheyenne River 24 244 1,967
2 Dry Fork Cheyenne River Tribs above Gage 06365900 44 183 1,341
3 Willow Creek 60 225 704
4 Woody Creek 2 8 13
5 Lake Creek 18 68 213
6 Dry Fork Cheyenne River Tribs above Antelope Cr 164 860 4,501
7 Antelope Creek 534 2,837 21,427
8 Cheyenne River above Gage 06365900 705 3,696 25,968
9 Cheyenne River above Sheep Cr 707 6,341 37,321
10 Cheyenne River Tribs above Gage 06386500 69 399 1,980
11 Sheep Creek 1 8 19
12 Wagonhound Creek 3 17 60
13 Cheyenne River above Black Thunder Cr 1,007 7,074 39,624
14 Black Thunder Creek 358 5,120 16,078
15 Cheyenne River above Lodgepole Cr 1,482 12,193 55,745
16 Lodgepole Creek 9 480 1,268
17 Cheyenne River above Snyder Cr 1,491 12,674 57,013
18 Snyder Creek 14 187 474
19 Cheyenne River above Boggy Cr 1,511 12,861 57,500
20 Boggy Creek 4 34 122
21 Cheyenne River above Lance Creek 1,515 12,895 57,621
22 Seven Mile Creek 2 29 65
23 Lance Creek 3,184 18,323 44,909
24 Mule Creek 6 33 80
25 Cheyenne River above Robbers' Roost Cr 4,706 31,280 102,675
26 Robbers' Roost Creek 8 47 138
27 Cheyenne River above Gage 06386500 4,742 31,328 103,270
28 Cheyenne River above Stateline 4,911 31,434 103,362

Model indicates shortage in reach
1,000 acre-feet or more available in normal year (reaches within study area)

The original study period for the Northeast Wyoming River Basins Model was 1970 to 1999.
The model was updated to include 2000 through 2010. The analysis was done in two steps.
Because there are no active stream gages in the watershed, the first step was to develop
streamflows based on a reference gage, as described in the Northeast Wyoming River Basins
Model Surface Water Hydrology Memorandum, Tasks 3A and 3B (HKM, 2002d), The first step
was to extend the data. The reference stream gage used for the data extension was USGS
Gage 06395000, Cheyenne River at Edgemont, South Dakota. This gage was used to develop
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data for USGS Gage 06386000, Lance Creek at Spencer near Riverview, Wyoming. The
relationship between the two gages was described by the following regression equation:

y = 0.3049x + 820.91

where: x = annual flow (acre-feet) of Cheyenne River at Edgemont, South Dakota (Stn.
06395000)
y = annual flow (acre-feet) of Lance Creek near Riverview, Wyoming (Station
06386000)

The relationship had an R? value of 0.9253. The Lance Creek annual flow in acre-feet at Gage
06386000 was calculated from the reference gage. To determine the monthly flows, the
monthly distribution that was developed for the original study period was used. Data Summary
3.3.1-1 (Appendix A) presents the annual and monthly flows, along with the monthly distribution
for the entire period of 1970-2010.

Wet, normal, and dry years were previously defined as the highest 20% of years being wet
years, the lowest 20% of years being dry years, and the remainder being normal years. The
same criterion was applied to the new study period. Table 3.3.1-2 shows the resulting
designation.

Table 3.3.1-2. Wet, Normal, and Dry Year Designation

Annual Annual
Flow Flow

Year | (ac-ft) | Designation Year (ac-ft) | Designation
1970 3361 Dry 1991 41370 Wet
1971 | 53510 Wet 1992 3689 Normal
1972 5702 Normal 1993 21600 Normal
1973 | 23567 Wet 1994 14734 Normal
1974 7530 Normal 1995 14050 Normal
1975 2904 Dry 1996 16715 Normal
1976 5331 Normal 1997 21913 Normal
1977 1819 Dry 1998 17355 Normal
1978 | 63214 Wet 1999 32791 Wet
1979 | 23004 Wet 2000 10409 Normal
1980 | 17607 Normal 2001 13158 Normal
1981 | 17303 Normal 2002 3616 Dry
1982 | 21457 Normal 2003 10288 Normal
1983 | 11748 Normal 2004 2835 Dry
1984 | 23540 Wet 2005 4491 Normal
1985 4733 Normal 2006 2603 Dry
1986 | 23134 Wet 2007 2808 Dry
1987 | 20413 Normal 2008 14876 Normal
1988 3481 Dry 2009 7362 Normal
1989 6028 Normal 2010 14979 Normal
1990 7801 Normal
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The averages of the flows for the wet, normal, and dry years were input into the Northeast
Wyoming River Basin models. The resulting data for the available water for each of these three
hydrologic conditions, however, did not make sense as compared to the previous modeling
period reported in the Northeast Basins Report (HKM, 2002a.) The available water is a balance
of the nodes shown in Figure 3.3.1-1 in which inputs are added and diversions are subtracted.
Upon evaluation of the model inputs and outputs for the original Northeast Wyoming River
Basins models, the same numbers that were shown in the report could not be replicated.
Therefore, while the data was input into the model, updated water availability data was not
generated. Upon discussion with the State, further investigation of the original models was not
conducted.

3.3.2 Existing Reservoirs

As discussed in Section 2.1.7.2, Map 12, (National Inventory of Dams), shows the locations of
the study area’s 62 dams in the NID. The combined storage behind the identified dams is
13,483 acre-feet. The largest identified reservoir, Bradley, holds 644 acre-feet. The median
reservoir size is 172 acre-feet. Dams that do not fall under the jurisdiction of the state engineer’s
office were not included in the database. Data Summary 3.3.2-1 (in Appendix A) lists the dams
with select relevant information. Map 14, Stock/Wildlife Ponds, shows the location of 2,048
stock ponds in the study area.

3.3.3 Previous Storage Site Investigations

The Northeast Wyoming River Basins Plan (HKM, 2002a) did not identify any long-list future
water use opportunities in the study area. Studies completed in 1939 and 1957 included
potential water storage projects. The list of projects is in Table 3.3.3-1, along with available
information about the project location and the source of the information. The intended storage
for the structures varied in size from 40 acre-feet to 3,300 acre-feet. None of these projects
were identified in the Northeast Wyoming River Basins Plan. Two structures identified in the
Cheyenne River Basin Water Resource Study appear to have been constructed in the location
identified in the study. The NID database shows that Middle No. 1 dam on Middle Cow Creek
was constructed in 1962. The dam is listed as 17 feet high with 246 acre-feet of storage for the
purpose of irrigation. The NID database also shows Wildcat No. 3 dam in the location identified
in the study for Wildcat No. 2. Wildcat No. 3 was constructed in 1959. The dam is listed as 35
feet high with 176 acre-feet of storage for the purpose of irrigation. These dams were not
visited as part of the study and, therefore, their current condition is not known.
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Table 3.3.3-1 Previously Identified Potential Water Storage Projects

Thunder Basin L&LC Watershed Management Plan
Level | Watershed Study

Project Name / Section, Township & Range / Storage, Water Flaw
Water Source County acre-feet Uses
Water Resources of the Missouri River Basin in Wyoming - Cheyenne River"

Storrie No. 2 / Hot
Creek Sec 32, T 34 N, R 62 W / Niobrara 870 Agricultural —
# 77 Lance Creek Sec 19, T 34 N, R 65 W / Niobrara 684 Agricultural
Witt No. 1 enl / So.
Lightning Creek Sec 21, T 35N, R 70 W/ Converse 3,273 Agricultural

Cheyenne River Basin Water Resource Study?

Bridge Sec 24, T 39N, R 62W /Niobrara 200 Agricultural
Young Woman Sec 3, T35 N, R 63 W / Niobrara 1,497 Agricultural
Dry Draw Sec 25, T 38 N, R 63 W / Niobrara 200 Agricultural
Dry Draw Sec 26, T 38 N, R 63 W / Niobrara 100 Agricultural
Smyth Draw Sec 15, T 38 N, R 63 W / Niobrara 40 Agricultural
Cow Sec 20, T 38 N, R 65 W / Niobrara 1,000 Agricultural
Cow Sec 14, T 38 N, R 66 W / Niobrara 1,000 Agricultural
Middle Cedar Sec 2, T 37 N, R 66 W / Niobrara 100 Agricultural
Rat Sec 35, T 38 N, R 69 W / Converse 50 Agricultural
Middle® Sec 8, T 38N, R 67 W/ Converse 100 Agricultural
Wildcat No. 2° Sec 2, T 36 N, R 65 W /Converse 150 Agricultural
Northeast Wyoming River Basins Plan Final Report 3
None identified
Notes: For notes 1-4, the report title is listed above and the following information provides

/ Level / Author / Date /

Report Location

! Level 1/ State Engineer's Office / 1939 / WWDO and State Library

% Level 1 / Wyoming Natural Resources Board / 1957 / WWDO & WRDS
*Level 1/ HKM Engineering, Inc. / 2002
* Not available in document or unknown

®Water storage facility exists in identified location

3.4 Water Quality

3.4.1

Stream Classifications

Many of the streams in the Thunder Basin watershed have been classified for protection of one
or more uses by the WDEQ. Streams within the study area have been classified as 2ABWW or
3B (WDEQ, 2001). The Water Quality Rules and Regulations, Chapter 1, Wyoming Surface
Water Quality Standards defines these three classifications as follows:

“Class 2AB waters are those known to support game fish populations or spawning and
nursery areas at least seasonally and all their perennial tributaries and adjacent
wetlands and where a game fishery and drinking water use is otherwise attainable.
Class 2AB waters include all permanent and seasonal game fisheries and can be either
“cold water” or “warm water” depending upon the predominance of cold water or warm
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water species present. All Class 2AB waters are designated as cold water game
fisheries unless identified as a warm water game fishery by a “ww” notation in the
“Wyoming Surface Water Classification List”. Unless it is shown otherwise, these waters
are presumed to have sufficient water quality and quantity to support drinking water
supplies and are protected for that use. Class 2AB waters are also protected for non-
game fisheries, fish consumption, aquatic life other than fish, recreation, wildlife,
industry, agriculture and scenic value uses.

Class 3B waters are tributary waters including adjacent wetlands that are not known to
support fish populations or drinking water supplies and where those uses are not
attainable. Class 3B waters are intermittent and ephemeral streams with sufficient
hydrology to normally support and sustain communities of aquatic life including
invertebrates, amphibians, or other flora and fauna which inhabit waters of the state at
some stage of their life cycles. In general, 3B waters are characterized by frequent linear
wetland occurrences or impoundments within or adjacent to the stream channel over its
entire length. Such characteristics will be a primary indicator used in identifying Class 3B
waters.”

Table 3.4-1 WDEQ Surface Water Classes and Use Designation

Drinking | Game NBiR Fish ClinE : _— : Scenic
. Game . Aquatic | Recreation |Wildlife| Agriculture | Industry
water | Fish : Consumption . Value
Fish Life

1* Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
2AB Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
2A Yes No No No Yes Yes Yes Yes Yes Yes
2B No Yes Yes Yes Yes Yes Yes Yes Yes Yes
2C No No Yes Yes Yes Yes Yes Yes Yes Yes
3A No No No No Yes Yes Yes Yes Yes Yes
3B No No No No Yes Yes Yes Yes Yes Yes
3C No No No No Yes Yes Yes Yes Yes Yes
4A No No No No No Yes Yes Yes Yes Yes
4B No No No No No Yes Yes Yes Yes Yes
4C No No No No No Yes Yes Yes Yes Yes

* Class 1 waters are not protected for all uses in all circumstances. For example, all waters in the National Parks
and Wilderness are Class 1, however, all do not support fisheries or other aquatic life uses (e.g. hot springs,
ephemeral waters, wet meadows etc). For stormwaterpermitting, 401 Certification, and WQ assessment purposes,
independently the actual uses on each particular water must be determined.

Table 3.4-1 defines the uses that are protected for all of the WDEQ surface water
classifications. Map 30, WDEQ Stream Classifications, shows the stream classifications within
the study area. Table 3.4-2 lists the streams and their classifications. There are differences
between the GIS information obtained from the State and the WDEQ Surface Water
Classification List (WDEQ, 2001). Map 30 shows the information obtained from the State’s GIS
database. In the Surface Water Classification List, Lance Creek was categorized as Class
2ABWW waters, for which designated protected uses include drinking water, warm-water game
fisheries, non-game fisheries, fish consumption and all uses protected for Class 3B waters.
According to the published state list, Lightning Creek is classified as 3B waters, for which
designated protected uses include aquatic life other than fish, recreation, wildlife, agriculture,
industry and scenic value.
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Table 3.4-2 Thunder Basin L&LC Watershed Stream Classifications
WDEQ Classification

Stream Name 2AB 2ABWW 3B 4
Alum Creek

Antelope

Antelope Drain

Bliss Creek

Box Creek

Buck Creek

Cow Creek

Cow Gulch

Dogie Creek

Dry Creek

East Fork Buck Creek
Lance

Lightning Creek

Little Cow Creek

Little Lightning Creek
North Fork Box Creek
Old Woman

Poison Drain

Sage Creek

South Fork Box Creek
Spring Creek
Twentymile Creek
Walker Creek

Young Woman Creek
Sources:

Wyoming Surface Water Classification List, Water Quality Division
Surface Water Standards, June 21, 2001
GIS

3.4.2 Water Quality Assessment

The Niobrara Conservation District has been conducting baseline stream sampling for a number
of years at three different sites within the study area. The sites are located on Lightning, Lance,
and Old Woman Creeks. The sampling site location maps provided by the district are included
in Appendix D. The purpose of the monitoring was to build a baseline dataset that covered
climatic changes over time, as well as to determine whether the streams were meeting the
beneficial uses assigned by the Wyoming Department of Environmental Quality based on the
stream classification.

Sampling data was obtained for the Lance Creek site for the period of July 1999 through June
2010. The sampling period obtained for Lightning Creek was August 1999 through August
2008, after which monitoring was discontinued. Old Woman Creek was sampled for the period
of August 1999 through October 2007, after which monitoring was discontinued.

Limited water quality sampling data for the Thunder Basin L&LC watershed is also available
from the USGS.
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3.4.3 Suitability for Agricultural Use

Analysis of available water quality samples was conducted to gain a sense of whether the water
is suitable for agricultural use, mainly irrigation and livestock watering. Water quality criteria
were compiled from four sources to assess the suitability and is presented in Data Summary
3.4.3-1 (in Appendix A). It should be noted that the WDEQ criteria was obtained from Chapter
eight of the Water Quality Rules and Regulations, which addresses standards for Wyoming
groundwater. Chapter one, which addresses surface water standards, does not contain water
guality standards for livestock or irrigation.

Water quality sampling data was obtained from the USGS Web site for the gages identified on
Map 14, Gaging Stations and Streamflow/Sampling Sites. The gages are listed in Data
Summary 2.1.7-2 (in Appendix A). Eleven of the gage locations had only one to three sample
events, one gage had 14 sample events, and USGS Gage 06386000 had 127 sample events.
Water quality data can be found for the gages at the following Website:
http://nwis.waterdata.usgs.gov/wy/nwis/qwdata.

Data Summary 3.4.3-2 (in Appendix A) shows a summary of the sampling results. Ranges of
results were typically shown for gage locations that had numerous samples, while the gages
with only one or two samples show the results for the one or two samples, as appropriate.
Values that exceeded the criteria listed in Data Summary 3.4.3-1 (in Appendix A) are highlighted
in red. If results were reported as a “less than” value that was greater than the criteria, the
results were highlighted in blue. It is possible that the criterion was exceeded, but not enough
information was provided to be certain. For example, mercury was often reported as less than
1.0 pg/L, but the criteria is 0.05 pg/L, less than the value reported. It is not known whether the
criterion was exceeded. Sodium absorption ratio (SAR) data was not available for any of the
UGSS samples.

The water quality criteria exceeded most often were sulfate, specific conductance, and
manganese. Exceeding the criteria does not necessarily indicate that water is unsuitable for
livestock watering or agriculture. It does suggest that livestock and less tolerant plants might
not be as productive as they would be with lower levels of the constituent. The Niobrara
Conservation District reported that high SAR water is known to have caused adverse effects in
the Cheyenne River basin.

Data Summary 3.4.3-3 (in Appendix A) presents a summary of the Niobrara Conservation
District baseline sampling results. The values that exceeded the criteria listed in Data Summary
3.4.3-1 are highlighted in red. The water quality criteria most often exceeded were specific
conductance, turbidity, total phosphorous, and sulfates.

3.4.4 Waters Requiring TMDLs

The Wyoming Water Quality Assessment and Impaired Waters List (2010 Integrated 305(b) and
303(d) Report does not show any of the streams in the study area to be water bodies for which
Total Maximum Daily Load (TMDL) determinations have been completed or are needed.

3.4.5 WYPDES Permitted Discharges

Data obtained from the WDEQ/WCD shows that there are 41 Wyoming Pollutant Discharge
Elimination System (WYPDES) permitted discharges in the study area. They are all oil
treatment permits. The locations of the outfalls are shown in Map 31, WYPDES Permitted
Discharges.
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3.4.6 Thunder Basin L&LC Wetland Functions

Wetlands can provide many functions, including wildlife habitat, flood flow alteration, erosion
control, sediment capture, nutrient transformation, groundwater recharge/discharge, habitat for
rare species, and recreational opportunities. An individual wetland may provide some but not all
of these functions, depending on variables such as size, hydrologic regime, location in the
landscape, connectivity to other wetlands, and surrounding land use. Thus for the Thunder
Basin L&LC watershed, it is only possible to generalize about wetland functions, and not
discuss the functions of individual wetlands.

The location of the Thunder Basin L&LC watershed wetlands were mapped as part of the
National Inventory of Wetlands (Map 11). The watershed primarily contains three general
categories of wetlands:

¢ Riparian wetlands adjacent to stream channels
o Seep wetlands in areas where groundwater reaches the surface
¢ Wetlands associated with small impoundments such as cattle ponds

The functions most likely to be provided by each type of wetland are discussed below.

Riparian Wetlands. These wetlands are located along drainages throughout the watershed.
Depending on their size and whether the stream is ephemeral, intermittent, or perennial, these
wetlands are most likely to provide the functions of wildlife habitat, flood flow alteration, and
streambank erosion control. Some of these wetlands may occur in cut-off oxbows of streams.
Wetlands adjacent to streams can serve as corridors for movement of terrestrial wildlife, and
particularly if they are associated with permanent bodies of water, serve as cover and food
sources for aquatic organisms. Thus, they may provide recreational opportunities for hunting
and fishing. In addition, wetlands adjacent to streams provide storage for out-of-bank flood
flows. In these areas, flood waters will be slowed, and the lower flood velocity combined with
the vegetative cover are likely to reduce erosion in and adjacent to stream channels. Wetlands
along perennial streams will have a more diverse plant community, and may provide habitat for
rare species.

Seep Wetlands. These wetlands develop in places where groundwater intersects with the land
surface for at least part of the year. The wetlands in these areas may have a hydrologic regime
that is temporary or relatively permanent. Depending on the season of the year and the
duration of seepage, these wetlands may provide the functions of recharging or discharging
groundwater, or both. Recharging groundwater may be important for maintaining the water
table and thus supplying wells, while discharging groundwater may be important for maintain the
headwaters of streams, particularly perennial streams. Wetlands maintained by seeping
groundwater are often quite diverse due to their relative hydrologic stability compared to
wetlands maintained exclusively by surface runoff, and thus also may provide habitat for rare
species.

Impoundment Wetlands. These wetlands are associated with small ponds, such as those
created for cattle. These ponds may be on-line (in other words, impoundments of a channel) or
off-line in which case the water may be maintained by pumping water. Depending on the size of
the pond, the depth of the water, and the source of the water, the wetland may be a fringe
around the margins or may be more extensive. In either case, the impounded basin allows for
water to be detained for longer periods of time than is the case for most riparian or seep
wetlands. Thus these wetlands can provide the function of improving water quality by trapping
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sediment and removing and transforming nutrients. In addition, they can provide a water source
for wildlife during times when surface water is otherwise scarce. Even a small pond with a
fringe wetland may provide resting habitat for migrating waterfowl. Impacts to these wetland
systems can limit plant diversity or suitable habitat for rare species.

4.0 Watershed Management and Rehabilitation Plan

The following subsections provide details on the proposed watershed improvement projects.
The projects are subdivided into irrigation improvements, surface water storage and
wildlife/livestock watering opportunities and other management practice improvements.

4.1 Irrigation Systems

Based on the responses from the landowners across Thunder Basin L&LC, for the Level |
Watershed Study, we evaluated three landowner irrigation systems. Irrigation systems
inventoried include:

e Bruegger’s Property
o Kruse’s Property
o Jensen’s Property

Rehabilitation plans have been proposed for each of the ranches inventoried. The rehabilitation
plans give the owners an idea of what needs to be done to make these irrigation systems
function properly and efficiently.

The alternatives were based upon information obtained from project meetings and the
evaluation of field inventory data. These alternatives provide the owners an overall assessment
of conditions associated with the irrigation ditches, spreader dikes, and the associated hydraulic
structures. They are not all-inclusive as the entire extent of each irrigation system was not
examined. Additionally, evaluating water rights for the diversions was not part of the scope of
this study.

For the purposes of this Level | investigation, the rehabilitation plans offer potential solutions to
the primary issues and problems associated with each system. The irrigators can use these
plans as a "resource or wish list" from which they can select projects for future Small Water
Project Program or Water Development Program Level Il investigations and ultimately Level I
design and construction, if they desire to follow through with WWDC funding. Alternatively, this
information also will support application for NRCS and/or other funding, as appropriate.

The rehabilitation plans focus on:

Rehabilitation/replacement of existing structures
Enhanced delivery of water

Reduction in annual operation and maintenance costs
Improvement in ditch management and efficiency
Economic practicality

Physical feasibility

OLSSON Project No. 010-1333 Page 63



Wyoming Water Development Commission
WWDC Contract # 05SC0294198

Thunder Basin L&LC Watershed Management Plan
Level | Watershed Study

41.2 Ditch Rehabilitation Plans

Based upon the results of the field inventories, rehabilitation cost estimates were developed and
are presented in Table 4.1.2-1 — Irrigation System Rehabilitation Plans. This table includes the
general description of the improvements and the estimated cost of construction.

Table 4.1.2-1 Irrigation System Rehabilitation Plans

Project Ranch
Number | Name Description Units | Quantity | Unit Cost | Total Cost
1 Bruegger Construct spreader dikes | Foot 300 $30/ft $9,000
2 Jensen Install centrifugal pump | Each 1 10,000 $10,000
Improve berms on N side of
3 Kruse Lightning Creek for hay fields | Foot 600 $10/ft $6,000
4.1.2.1 Bruegger Ranch

The Brueggers’s have several irrigation systems in place. Some of the key systems we looked
at include: spreader dikes at Field 1 and the dam along Cow Creek Road (Map 34a).
Rehabilitation and expansion of the spreader dikes at Field 1 would increase the area served by
the dikes. It is estimated that with an addition of 200 linear feet to the spreader dikes, more
water could be stored, and an additional area of 5.5 acres could be irrigated. Sediment removal
from the dam along Cow Creek Road are discussed in Section 4.2.3.1.

41.2.2 Jensen Ranch

Jensen’s Ranch is south of Lance Creek on the north side of the creek (Map 34e). They are
looking at irrigating a field on the south end of his property. The Lance Creek runs along the
south and west side of the field to be irrigated. The creek has been cutting back significantly.
The cut backs are causing high banks to form on the south end of Jensen’s property. This is
making it difficult to utilize the water in the creek. The two options evaluated included cutting a
ditch through the field or setting up a centrifugal pump to take water from Lance Creek over to
the field they are interested in irrigating. The second option is the most cost effective. The plan
would be to construct a small pumping basin on the south end of the property and pump the
water onto the fields. The pump should be set up so that it is on wheels so that it can be moved
if necessary.

41.2.3 Kruse Ranch

Kruse’s Ranch has well established hay fields adjacent to Lightning Creek (Map 34h). Over the
years, they have built berms along the north side of Lightning Creek. This allows runoff from
rainfall events to flood the hay fields before draining into the creek. There are some low areas
in the berms that will need to be addressed. The proposed improvement includes 600 linear
feet of berm improvements.

4.2 Surface Water Storage

42.1 Alternative Concepts for New Surface Water Storage

Due to the large study area, it was necessary to develop screening criteria and methods to
identify locations where water would be available and needed. Four main surface water storage
concepts were developed based on known needs and shortages, potential water availability,
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and property owner requests. They are described below. The evaluations are described in
Sections 4.2.2-4.2.5.

Account Il Multipurpose Storage (see Section 4.2.2) — Reservoirs that would meet the
requirements for WWDC Account Ill funding were first investigated. New reservoirs would need
to provide at least 2,000 acre-feet of storage to qualify for the funding mechanism. Expansion
of existing reservoirs must provide an additional 1,000 acre-feet of storage to qualify for the
funding. The primary function of the reservoirs would be to provide supplemental irrigation water
for irrigated lands that could be served through gravity delivery of water. The storage sites
would need to be located far enough downstream of the headwaters to be able to capture the
necessary amount of available flow. Secondary functions of the reservoirs would be to provide
water in an “environmental account” to release for streamflow enhancement at critical times of
the year, and as a seasonal fishery and/or for recreation.

Property Owner Storage Evaluation Requests (see Section 4.2.3) — Through the public
information process, property owners and stakeholders were asked for input regarding storage
evaluations on their properties. These requests were evaluated.

Livestock / Wildlife Storage (see Section 4.2.3) — As a rule of thumb, cattle will graze up to a
mile from a water source. Using this criterion, an analysis of the watershed was conducted to
identify locations where additional water storage for livestock watering could be beneficial.

Supplemental Storage at Existing Breached Dam Locations (see Section 4.2.5) — The
watershed was searched to locate breached dam locations as potential water storage locations.
Locations where dams once existed served a useful purpose at some point in time and may
have an existing water right allocation. Rehabilitating a breached dam may be more extensive
than constructing a new water storage dam, but permitting can be easier. These water storage
sites would be used for supplemental irrigation of nearby irrigated lands and/or livestock and
wildlife watering.

422 Potential Account Ill Sites

4221 Overview

To qualify for WWDC Account Il funding, a new surface-water storage project must provide a
minimum of 2,000 acre-feet of storage and an expansion of an existing surface water storage
site must provide an additional 1,000 acre-feet of storage. This section describes the process
used to locate the structures and their conceptual design. The conceptual designs were based
on information gathered and developed through the various tasks of this project.

4.2.2.2 Alternative Reservoir Locations and Sizing

New water storage dams were located to capture as much of the available flow as possible and
far enough downstream within the watershed that the available flow would be 2,000 acre-feet
annually for a normal hydrologic year. Other factors in the potential locations of the storage sites
included topography, geology, proximity to irrigated lands, environmental impacts, and
upstream/downstream constraints, including mines, highways, buildings, and other
infrastructure. Water storage sites were developed in four locations, two on Lightning Creek,
one at the confluence of Lance and Lightning Creeks, and one on Old Woman Creek.

It should be noted that the sites were identified using available water data from the Northeast
Wyoming River Basins model, which does not include a detailed accounting of diversions in
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accordance with Wyoming water law. For example, downstream senior rights are not given
priority, which should result in an upstream junior right incurring a shortage. If a Level Il study of
a particular storage project is to be undertaken, it is recommended that StateMod or similar
model be developed so that water rights can be appropriately analyzed.

Concentrations of salts and other constituents can increase due to evaporation of water within
storage reservoirs. The effects of accumulation of salts and other water constituents on the
watershed should be investigated if one of the storage site projects were to advance to the next
level of study.

For expansion of existing reservoirs, each of the 62 dams identified in the National Inventory of
Dams (NID) and shown in Map 12, National Inventory of Dams, was evaluated to determine
whether each dam has enough watershed area to yield a minimum of 1,000 acre-feet of
available water based on a unit available water during the normal year of 8.7 acre-feet per
square mile. In order to generate 1,000 acre-feet of water, a minimum of 114 square miles of
watershed must be present. The contributing watershed would actually need to be larger since
the dams have existing storage. None of the dams had close to 100 square miles of watershed
area. Expansion of an existing reservoir to qualify for Account Il funding is not an option in the
Thunder Basin L&LC watershed.

The four sites identified as viable sites for new water storage dams are shown in Map 32. Data
Summary 4.2.2-2 (in Appendix A) presents a comprehensive summary of design parameters
related to the four dam locations, as well as a wide array of relevant information collected and
developed throughout the course of the project. Maps 33a-33d show the four locations with the
dam centerlines and limits of storage volumes.

Each dam site was designed to have an environmental account (EA) pool, which has a 50-year
sedimentation life, and irrigation storage. The four sites have an average useful life of 57 years.
The initial goal was to provide useful life of at least 100 years, however, an estimation of the
potential sedimentation rates indicated that a dam that would be able to store 100 years of
sediment accumulation plus water would not be reasonable.

Sedimentation was estimated from Figure 27 of Sediment Sources and Drainage Basin
Characteristic in Upper Cheyenne River Basin (Hadley and Schumm, 1961). It is included in
this report as Figure 4.2.2-1, Sediment Yield in the Lance Creek Basin. The U.S. Bureau of
Reclamation has conducted sedimentation surveys on a number of its reservoirs. Reports
obtained from the following Web site were reviewed. Annual sedimentation rates tended to be
higher than those reported in Hadley and Schumm.
http://www.usbr.gov/pmts/sediment/projects/ReservoirSurveys/index.html

Elevation and stage-storage information for each location was developed using USGS
topographic maps with 20-foot contour intervals. Detailed topographic information will be
needed if further analysis of dam sites is desired. The NRCS’' Reservoir Operations Study
Computer Program (RESOP) was used to estimate reservoir levels on a monthly basis.
RESOP utilizes stage-storage relationships, monthly available flows, monthly average
precipitation, monthly average evaporation, estimates of seepage, and beneficial use.

The EA pool volume was determined from the lowest average monthly water level determined
with the RESOP model. Irrigation storage for each site was determined by modeling the
reservoirs with and without irrigation. The initial estimate of irrigation was half of the volume of
the lowest month’s permanent pool. The volume of water available for irrigation was spread
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between May and August and the water available models were iterated to use the difference
between the EA and the available water. The total storage was based on the RESOP analysis,
which maximized the storage at each site. Figure 4.2.2-2 illustrates the results of the analysis.
The reservoir storage line takes into consideration monthly inflows of available water and
precipitation and monthly outflows of irrigation water, evaporation, and seepage. Balancing the
inputs and outputs, at Lightning Creek 1, the maximum storage available, assuming the
sediment storage is full, would be approximately 17,600 acre-feet.

2 Reservoir sediment data
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F1cUre 27.—Relations between sediment yield to 87 sediment-observation reservoirs and
suspended sediment measured at gaging stations in the Cheyenne River basin.

Figure 4.2.2-1 Sediment Sources and Drainage Basin Characteristic in upper Cheyenne River Basin (Hadley and Schumm,
1961)

Over time, the environmental account will fill with sediment. As the sediment accumulates, the
environmental account storage will decrease and the elevation of the irrigation storage pool will
increase. The volume of the irrigation pool would be the same, but it would be stored at a
higher elevation. At a point in the future if and when the entire reservoir is filled with sediment,
the irrigation pool will no longer exist, either. Once the environmental account volume is filled
with sediment, the irrigation storage pool will begin to fill with sediment and the volume available
for irrigation will decrease. The water level management of each reservoir will change over time.
After the design life of each reservoir is reached, it is anticipated that it could be full of sediment.
It should be noted that a sediment capture rate of 100 percent was used. This rate might be
overly conservative, but the sediment yield information greatly varied. Should a site advance to
a Level Il study, a more detailed analysis on sedimentation will be needed.
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Figure 4.2.2-2 Example of RESOP Analysis
Table 4.2.2-2 summarizes the storage volumes and design life for each dam site. As illustrated
in Figure 4.2.2-2, the EA pool and irrigation storage volumes are not simply additive. The EA
pool, irrigation pool and 100-year water surface are shown on Maps 33a-33d.

Table 4.2.2-2 Summary of Potential Dam Site Storage and Design Life

EA Pool | Irrigation Total Sedimentation 50-Year Total
(acre Storage Storage Rate Sedimentation Storage
Dam Site feet) (af) (af) (af/mi’/yr) Volume (af) Life (yr)
Lightning Creek 1 | 15,460 3,588 17,603 0.43 15,460 S7
Lightning Creek 2 | 20,510 5,176 23,536 0.42 20,510 57
Lightning Creek 17,670 57
and Tributaries 15,501 3,482 0.43 15,501
Old Woman 9,557 57
Creek 8,458 1,622 0.45 8,458
4223 Flood Hydrology and Spillway Sizing

A conceptual design of the dams, spillways, and outlet works was completed for the four
potential dams. Each site was designed using the following typical criteria: earth dams with low
level outlets, a 100-year flood control concrete spillway, an earth emergency spillway for one
half of the Probable Maximum Flood (PMF), and a minimum design life of 50 years. The NRCS

Water Resources Site Analysis Program (SITES 2005.1) was used to complete the conceptual
design.
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Conceptual Dam Safety Hazard Classification

According to the state engineer’s office, the State of Wyoming does not explicitly define hazard
classifications but does follow Federal Emergency Management Agency (FEMA) 333, Federal
Guidelines for Dam Safety (FEMA, 1998). Three hazard classifications are defined in the
document:

e Low Hazard Potential: Dams assigned the low hazard potential classification are
those where failure or mis-operation results in no probable loss of human life and
low economic and/or environmental losses. Losses are principally limited to the
owner’s property.

e Significant Hazard Potential: Dams assigned the significant hazard potential
classification are those dams where failure or mis-operation results in no
probable loss of human life but can cause economic loss, environmental
damage, disruption of lifeline facilities, or can impact other concerns. Significant
hazard potential classification dams are often located in predominantly rural or
agricultural areas but could be located in areas with population and significant
infrastructure.

¢ High Hazard Potential: Dams assigned the high hazard potential classification
are those where failure or mis-operation will probably cause loss of human life.

Due to their locations and surroundings, it is thought that the four sites would be classified as
significant or low hazard potential dams.

Inflow Design Flood and Probable Maximum Flood Determination

Because the State of Wyoming’'s Safety of Dams Program information does not specify the
design criteria for different dam sizes and classifications, the State of Colorado Dam Safety
Rules were used as a guideline for determining the Inflow Design Flood (IDF) that would be
required for design of the dams and spillways. Based on their sizes, the dams would be
classified as small dams. For the purposes of this study, they were all considered to be
significant hazard dams. Each site was evaluated with an IDF equal to one-half of the PMF, in
accordance with State of Colorado guidelines.

The level of study for this project does not warrant the in-depth analysis necessary to determine
the most accurate PMF for each dam site; therefore, the PMF peak flows for each site were
determined based on correlations of drainage area versus peak flows from previous studies of
dam sites in Wyoming, South Dakota, Montana, and Nebraska. This information was compiled
for the Cottonwood/Grass Creek Watershed Management Plan (SEH, 2007).

The original data included 35 sites ranging in drainage area sizes from 3.1 square miles to
19,650 square miles. Outliers were determined and removed from the data set, along with sites
that did not reflect typical Wyoming sites. From the remaining sites, correlation factors for both
the whole data set and ranges of drainage areas were determined. The subset for drainage
areas ranging from 65 square miles (mi?) to 4,300 mi’ yielded a correlation factor (R?) value of
0.91.The following regression equation was determined based on these 14 sites and was used
to determine the PMF flow for each of the four potential dam sites:

Qe = 91.669(DA) + 87,375

Where:Qpyvr = Peak PMF discharge in cubic feet per second (cfs)
DA = Drainage area in mi®
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The Qpyr and IDF values determined for each of the four sites is summarized in Table 4.2.2-3.
The information is also included in Data Summary 4.2.2-1 (in Appendix A).

Table 4.2.2-3 Inflow Design Floods and Volumes for Potential Dam Sites

: Drainage IDF (Y2 QpmE) )
Dam Site Area (mi2) Qpyr (cfs) (cfs) Vpur (acre-feet)

Lightning Creek 1 719 153,292 76,646 361,520

Lightning Creek 2 977 176,905 88,452 507,512

Lightning Creek 721 153,467 76,734 362,606
and Tributaries

Old Woman 376 121,833 60,917 167,017

Creek

The IDF values were used to calibrate the point rainfall input in the SITES 2005.1 program. It is
important to note that should any of the potential dam sites be investigated further, a more
detailed analysis of the IDF will be required.

IDF volumes were estimated using the same procedure for the same 14 dam sites. The
following regression equation, which yielded an R? value of 0.82, was determined and used to
determine IDF volumes for the four dam sites:

Veume = 567.77(DA) — 46,030

Where: Vpye = PMF volume in acre-feet feet per second (cfs)
DA = Drainage area in mi®

The Vpye values determined for each of the four sites is summarized in Table 4.2.2-3. The
information also is included in Table 4.2.2-2.

100-Year Flood Determination

The 100-year peak discharges were determined using USGS Water-Resources Investigations
Report (WRIR) 03-4107 (Miller, 2003). The sites are primarily in Region 3. The equation that
was used to determine the 100-year peak discharges is as follows:

Region 3: Qg = 127(DA%**?)(S0il*®)

Where:  Qig = 100-year peak discharge in cubic feet per second (cfs)
DA = Drainage area in mi®
Soil = Mean basin soils hydrologic index

The time of concentration and runoff curve numbers were determined for each watershed and
input into the SITES models developed for each dam site. The 100-year, 24-hour point rainfall
values were obtained from the National Oceanic and Atmospheric Administration (NOAA) Atlas
2 maps. A weighted average of rainfall depths over the entire watershed for each site was
determined. The weighted average rainfall values were put into the SITES models. The times of
concentration and runoff curve numbers were adjusted to calibrate the models to the 100-year
peak discharges estimated from WRIR 03-4107. The 100-year peak discharges and weighted
100-year, 24-hour point rainfall values are summarized in Table 4.2.2-4.
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Table 4.2.2-4 100-Year Design Inflows and Related Parameters for Potential Dam Sites

Soil Index Q100 (cfs)
from USGS from USGS 100-Year, 24-Hour
Drainage WRIR 03- WRIR 03- Point Rainfall (in)
Dam Site Area (miz) 4107 4107 from NOAA Atlas Il
Lightning Creek 1 719 3.2 23,436 4.0
Lightning Creek 2 977 3.3 28,446 4.0
Lightning Creek 721
and Tributaries 3.3 25,355 3.7
Old Woman Creek 376 3.3 18,881 3.9
4224 Conceptual Dam and Appurtenances Design

Typical design parameters were applied to each dam site to complete the dam analysis. Each
dam will have a low-level outlet pipe with a gate control to release irrigation flows. The
conceptual 100-year flood control (principle) spillway was assumed to be a concrete chute with
7-foot foot vertical walls on each side. The length of the spillway was based on the elevation
difference between the top of the (total) storage elevation and the valley flow-line elevation as
determined from quadrangle topographic maps and a three horizontal to one vertical (3:1) slope
between the top of the spillway and the valley floor elevations. The 100-year peak inflow was
used to size the width of the spillway as determined by the following formula:

_ Qio00
W= s

Where: W = Width of spillway in feet
Q100 = 100-year peak discharge in cfs
H = Height of spillway in feet

The earth embankments were assumed to have a top width of 14 feet with a 2 percent slope to
the crown on either side. A 25-foot-wide wave berm is on the upstream side of the embankment,
a 40-foot-wide berm is on the downstream side, and side slope ratios were assumed to be 3:1.
The emergency spillway exit channels were assumed to be excavated out of native material.
The lengths were determined by using a 3 percent slope from the emergency spillway crest to
the flowline elevation. The bottom width and crest elevation were determined by iterations in
SITES 2005.1 using the target IDF values. Typically, the materials excavated from the
emergency spillway, if suitable, will be used in the construction of the embankment.

4225 Discussion of Sites

Data Summary 4.2.2-2 (in Appendix A) presents a comprehensive summary of design
parameters related to the four dam locations, as well as a wide array of relevant information
collected and developed throughout the course of the project.

Lightning Creek 1: The layout of Lightning Creek 1 is shown in Map 33a. The dam would be
approximately 2,850 feet long with a maximum height of 58 feet. The total volume of the
Lightning Creek 1 dam site was estimated to be 17,603 acre-feet, with an irrigation volume of
3,588 acre-feet. The average depth of water would be 18 feet. The surface area at the principle
spillway was estimated to be 1,006 acres. Annual evaporation was estimated to be 3,586 acre-
feet. The design life was estimated to be 57 years. It is estimated that 14.4 acres of wetlands,
primarily classified in the National Wetland Inventory as freshwater emergent wetlands, could be
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affected by construction of the dam. It could prove difficult to mitigate this area of wetlands. An
actual wetland delineation would need to be conducted if a project were to advance to a more
detailed study. The ratio at which the wetlands would need to be mitigated would be
determined as part of the permitting process of the dam. Approximately 34 acres of irrigated
lands would be inundated by the dam.

Some private landowner access roads would be inundated at the principle spillway elevation. A
conceptual cost estimate for the Lightning Creek 1 dam site is included in Table 4.2.2-5. Annual
operation and maintenance costs for all of the structures were estimated to be 0.75% of the
construction cost, based on Nebraska NRCS recommendations. The annualized cost of the
dam per acre-foot of irrigation water would be approximately $284.00.

Table 4.2.2-5 Conceptual-Level Cost Estimate - Lightning Creek 1 Site

DESCRIPTION OF ITEM UNIT | UNIT PRICE QUANTITY COST ESTIMATE
Final Design and Specifications LS $2,020,000 1 $2,020,000
Permitting LS $240,000 1 $240,000
Wetland Mitigation at 1:1 ratio AC $8,000 14.4 $115,200
Legal Fees LS $80,000 1 $80,000
Acquisition of Right-of-Way LS $485,000 1 $485,000
Total Non-Construction Costs $2,940,200
Mobilization LS $930,000 1 $930,000
Dam CY $10 1,344,000 $13,440,000
Principal Spillway LS $1,694,000 1 $1,694,000
Outlet Works LS $90,000 1 $90,000
Construction Cost Subtotal #1 $16,154,000
Engineering Costs = CCS#1 x 10% $1,615,400
Subtotal #2 $17,769,400
Contingency = Subtotal #2 x 15% $2,665,410
Construction Cost Total $23,375,010
Project Cost Total $26,315,210
Less Level ll/Phase Ill Costs $2,261,560
$24,053,650
Project Cost Used in Ability to Pay Analysis
Anticipated Annual O&M Costs, 0.75% of Construction Cost $175,000

Lightning Creek 2: The layout of Lightning Creek 2 is shown in Map 33b. This potential dam
location is the largest of the four in terms of volume. The dam would be approximately 2,680
feet long with a maximum height of 67 feet. The total volume of the Lightning Creek 2 dam site
was estimated to be 23,536 acre-feet, with an irrigation volume of 5,176 acre-feet. The average
depth of water would be 19 feet. The surface area at the principle spillway was estimated to be
1,262 acres. Annual evaporation was estimated to be 4,477 acre-feet. The design life was
estimated to be 57 years. It is estimated that 83.2 acres of wetlands could be affected by
construction of the dam. The National Wetland Inventory classified the wetlands primarily as
freshwater emergent wetlands with some freshwater forested/shrub wetlands. It could prove
difficult to mitigate this area of wetlands, and is likely a fatal flaw of the site. An actual wetland
delineation would need to be conducted if a project were to advance to a more detailed study.
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The ratio at which the wetlands would need to be mitigated would be determined as part of the
permitting process. Approximately 100 acres of irrigated lands would be inundated by the dam,
another potential fatal flaw. Private access roads would be inundated at the principle spillway
elevation. A conceptual cost estimate for the Lightning Creek 2 dam site is included in Table
4.2.2-6. The annualized cost of the dam per acre-foot of irrigation water would be approximately
$293.00.

Table 4.2.2-6 Conceptual-Level Cost Estimate - Lightning Creek 2 Site

DESCRIPTION OF ITEM UNIT | UNIT PRICE | QUANTITY COST ESTIMATE
Final Design and Specifications LS $4,540,000 1 $4,540,000
Permitting LS $545,000 1 $545,000
Wetland Mitigation at 1:1 ratio AC $8,000 83.2 $665,600
Legal Fees LS $180,000 1 $180,000
Acquisition of Right-of-Way LS $1,090,000 1 $1,090,000
Total Non-Construction Costs $7,020,600
Mobilization LS $2,090,000 1 $2,090,000
Dam CcYy $10 3,175,000 $31,750,000
Principal Spillway LS $2,373,000 1 $2,373,000
Outlet Works LS $100,000 1 $100,000
Construction Cost Subtotal #1 $36,313,000
Engineering Costs = CCS#1 x 10% $3,631,300
Subtotal #2 $39,944,300
Contingency = Subtotal #2 x 15% $5,991,645
Construction Cost Total $52,956,545
Project Cost Total $59,977,145
Less Level ll/Phase Ill Costs $5,083,820
$54,893,325
Project Cost Used in Ability to Pay Analysis
Anticipated Annual O&M Costs, 0.75% of Construction Cost $400,000

Lightning Creek and Tributaries: The layout of Lightning Creek and Tributaries is shown in Map
33c. ltis located at the confluence of Lightning, Cow, and Lance Creeks. The dam would be
approximately 4,390 feet long with a maximum height of 51 feet. The total volume of the
Lightning Creek and Tributaries dam site was estimated to be 17,670 acre-feet, with an
irrigation volume of 3,482 acre-feet. The average depth of water would be 17 feet. The surface
area at the principle spillway was estimated to be 1,062 acres. Annual evaporation was
estimated to be 3,737 acre-feet. The design life was estimated to be 57 years. It is estimated
that 41.6 acres of wetlands could be affected by construction of the dam. The National Wetland
Inventory classified the wetlands as mostly riverine with some freshwater emergent wetlands. It
could prove difficult to mitigate this area of wetlands and could be a fatal flaw of the site. An
actual wetland delineation would need to be conducted if a project were to advance to a more
detailed study. The ratio at which the wetlands would need to be mitigated would be
determined as part of the permitting process. Approximately 6 acres of irrigated lands would be
inundated by the dam.
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This dam site was evaluated considering that the Lightning Creek 1 dam site was in place. The
drainage area upstream of Lightning Creek 1 was not included in the evaluation of this dam.
Private access roads would be inundated at the principle spillway elevation. A school is located
approximately 500 feet from the principle spillway water surface elevation, which could pose a
safety hazard. More detailed mapping will be needed to ensure the school is outside of the 100-
year floodplain if this alternative is evaluated further. A conceptual cost estimate for the
Lightning Creek and Tributaries dam site is included in Table 4.2.2-7. The annualized cost of the
dam per acre-foot of irrigation water would be approximately $119.00.

Table 4.2.2-7 Conceptual-Level Cost Estimate - Lightning Creek and Tributaries Site

UNI
DESCRIPTION OF ITEM T UNIT PRICE QUANTITY COST ESTIMATE
Final Design and Specifications LS $2,680,000 1 $2,680,000
Permitting LS $320,000 1 $320,000
Wetland Mitigation at 1:1 ratio AC $8,000 41.6 $332,800
Legal Fees LS $110,000 1 $110,000
Acquisition of Right-of-Way LS $640,000 1 $640,000
Total Non-Construction Costs $4,082,800
Mobilization LS $1,230,000 1 $1,230,000
Dam CYy $10 1,849,000 $18,490,000
Principal Spillway LS $1,610,000 1 $1,610,000
Outlet Works LS $75,000 1 $75,000
Construction Cost Subtotal #1 $21,405,000
Engineering Costs = CCS#1 x 10% $2,140,500
Subtotal #2 $23,545,500
Contingency = Subtotal #2 x 15% $3,531,825
Construction Cost Total $31,160,125
Project Cost Total $35,242,925
Less Level ll/Phase Ill Costs $2,996,700
$32,246,225
Project Cost Used in Ability to Pay Analysis
Anticipated Annual O&M Costs, 0.75% of Construction
Cost $235,000

Old Woman Creek: The layout of the Old Woman Creek site is shown in Map 33d. The dam
would be approximately 2,880 feet long with a maximum height of 51 feet. The total volume of
the Lance Creek South Tributary dam site was estimated to be 9,557 acre-feet, with an irrigation
volume of 1,622 acre-feet. The average depth of water would be 15 feet. The surface area at
the principle spillway was estimated to be 621 acres. Annual evaporation was estimated to be
2,207 acre-feet. The design life was estimated to be 57 years. No wetlands or irrigated acres
are predicted to be impacted by the dam. An actual wetland delineation would need to be
conducted if a project were to advance to a more detailed study to ascertain whether they are
present. Private access roads would be inundated at the principle spillway elevation, as well as
several oil sites. A conceptual cost estimate for the Old Woman Creek dam site is included in
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Table 4.2.2-8. The annualized cost of the dam per acre-foot of irrigation water would be

approximately $156.00.

Table 4.2.2-8 Conceptual-Level Cost Estimate — Old Woman Creek Site

UNI
DESCRIPTION OF ITEM T UNIT PRICE QUANTITY COST ESTIMATE
Final Design and Specifications LS $2,400,000 1 $2,400,000
Permitting LS $290,000 1 $290,000
Wetland Mitigation at 1:1 ratio AC $8,000 0.0 $0
Legal Fees LS $95,000 1 $95,000
Acquisition of Right-of-Way LS $575,000 1 $575,000
Total Non-Construction Costs $3,360,000
Mobilization LS $1,100,000 1 $1,100,000
Dam CcYy $10 1,680,000 $16,800,000
Principal Spillway LS $1,204,000 1 $1,204,000
Outlet Works LS $75,000 1 $75,000
Construction Cost Subtotal #1 $19,179,000
Engineering Costs = CCS#1 x 10% $1,917,900
Subtotal #2 $21,096,900
Contingency = Subtotal #2 x 15% $3,164,535
Construction Cost Total $27,621,435
Project Cost Total $30,981,435
Less Level ll/Phase Ill Costs $2,685,060
$28,296,375
Project Cost Used in Ability to Pay Analysis
Anticipated Annual O&M Costs, 0.75% of Construction
Cost $210,000

All of the sites have the potential for development of recreation based on their storage areas at
the principle spillway. The reservoirs levels, however, would fluctuate throughout the year due to
irrigation. Public access to most of the sites is marginal, as most lack public roads. The
Lightning Creek and Tributaries site has the best potential access, with Cow Creek Road and
Lance Creek Road crossing near the upstream end of the reservoir.

4.2.2.6 Locations of Dams Relative to Irrigated Lands

The locations of the storage sites were compared to nearby irrigated lands or potentially
irrigable lands to make a general assessment of the water delivery system that would be
needed. Irrigated lands are shown in Maps 33a-33d. Irrigated lands that could benefit from
supplemental irrigation are approximately 2,000 feet downstream of Lightning Creek 1. Some
irrigated lands, as discussed in Section 4.2.2.5, would be located within the footprint of the west
arm of Lightning Creekl1 and would likely be lost.

Of the four sites, Lightning Creek 2 shows the best potential for irrigation. Irrigated lands are
located in close proximity to the west arm and immediately downstream of the dam. Similar to
Lightning Creek 1, some irrigated lands are located within the footprint of the reservoir. Small
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areas of irrigated lands are located close to the southwest arm of the Lightning Creek and
Tributaries site. An area of irrigated lands is located in the area of the west arm. More detailed
topography is needed to determine whether they would actually be located within the footprint of
the reservoir. Irrigated lands do not appear to be located in close proximity to the Old Woman
Creek site. The nearest irrigated lands are approximately 3,900 feet downstream of the dam.

If any of the four Account Il sites advances to a more detailed investigation, such as a Level I
study, many issues will need to be addressed and questions answered. Following are a small
number of these issues that will need to be evaluated:

e Refining estimates of the physical availability of water and the timing of water for
irrigation.

¢ Water rights accounting to determine whether water is legally available at a given
location and whether a project would cause injury to a water right holder, particularly a
senior water right.

o Evaluation of the infrastructure needed to convey water from the reservoir to irrigated
lands or potentially irrigable lands, including the amount of water needed to allow for
diversion to a field or a spreader dike system.

4.2.2.7 Anticipated Geologic Conditions

The overall geologic conditions for the watershed were presented in Section 2.1.5. Maps 7 and
8 show the surficial and bedrock geology for the study area. In evaluating potential dam
locations, the foremost concern from a geologic perspective was to avoid the clinker surficial
geology, since it is unsuitable for a reservoir. Only a small area of clinker is present in the north
central portion of the study area, far away from any of the potential Account Il dam sites.

The Lightning Creek 1 site is underlain by Quaternary-age alluvium and colluvium. The
Lightning Creek 2 site is underlain by Quaternary-age alluvium and colluvium on the west arm
and the dam and by the Lance formation on the south arm. The Lightning Creek and Tributaries
site is underlain by Quaternary-age alluvium and colluvium in the vicinity along the main
drainageways and the Lance formation outside of the main drainageways. The Old Woman
Creek site is also underlain by Quaternary-age alluvium and colluvium in the main channels and
the Lance formation outside of them. Lance Formation consists primarily of shales, sandstones,
and coal beds. Due to the general nature of the geologic mapping and the variability of
conditions, site-specific studies must be conducted should one of the sites advance to a Level 2
study.

4.2.3 Property Owner Storage Evaluation Requests

During the course of the project, bi-monthly public meetings were held to solicit input from
landowners within the study area. At the beginning of the project, landowners were sent
information that included a potential project information form upon which irrigation system,
upland well development, stream/rangeland enhancements, and water storage assessments
could be requested. Table 4.2.3-1 summarizes the key information about the storage sites.
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Table 4.2.3-1 Potential Surface Water Development Projects

Project Estimated
Number Ranch Name Project Description Cost
Pond rehabilitation — removal of sediment

1 Bruegger (maximum volume removed) $4,500,000
2 Gunn Ranch New dam and outlet structure $24,300
3 Hales Draw New dam and outlet structure $92,600
4 Hammell Relocation of existing dam plus outlet structure $28,600
5 Kruse Rebuild dam plus outlet structure $97,100
6 Kruse Pond rehabilitation — removal of sediment $528,500
7 Kruse New dam and outlet structure $187,100
8 Lund New dam on realigned road and outlet structure $458,700
9 McCormack New dam and outlet structure $17,000
10 McCormack New dam and outlet structure $50,700
11 McCormack New dam and outlet structure $29,400
12 Nelson New dam and outlet structure $26,800
13 Snyder New dam and outlet structure $49,900
14 Swanson New dam and outlet structure $1,073,000

The following sections describe the surface water assessments that were requested, and the
analyses conducted. Generally, the properties were evaluated for suitable storage locations.
Evaluations were done based on available USGS topographic mapping. As such, the estimates
of earthwork and volumes are approximate.

4.2.3.1 Bruegger Property

The Bruegger Ranch property is located adjacent to Cow Creek within the Lightning Creek
watershed, in which the average unit available water yield for a normal year is 8.7 acre-feet per
square mile, as shown in the Northeast Wyoming River Basins Report (HKM, 2002a). An
existing water storage area is located immediately upstream of Cow Creek Road, as seen in
Map 34a, Bruegger Ranch. The drainage area at the location is 2.6 square miles. During a
normal water year, approximately 23 acre-feet of water could be anticipated.

The Brueggers reported that approximately 40 feet of sediment has accumulated over the years
and that the headgate has been raised three times in the past 25 years to accommodate the
sedimentation. They are interested in a project to remove the sediment. To determine the
removal volume, the flowline of Cow Creek and road elevation of Cow Creek Road were
estimated and the difference, 27 feet, was considered to be the maximum depth of sediment
removal. The area of the pond was estimated to be approximately 13 acres. Assuming
maximum depth of sediment at the outlet, tapering to no depth at the inlet, the full volume of
sediment removal was estimated to be 180 acre-feet. This volume is approximately 2.5 times
higher than the sedimentation rate predicted by the Hadley and Schumm method (Hadley and
Schumm, 1961). A lesser volume could be removed to make the project more economically
feasible, but the maximum volume was estimated to be conservative. If a project were to move
forward, more detailed survey and determination of removal volume would be required.

4.2.3.2 Gunn Ranch Property

Gunn Ranch is located east of Lance Creek. Tributaries of Buck Creek flow through the
property in the area where a storage evaluation was requested. A new storage area was
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proposed and can be seen in Map 34b, Gunn Ranch. An outlet structure would be installed in
addition to the dam. At the location shown the drainage area is 0.3 square miles. The
anticipated available water in a normal year would be 3 acre-feet. The pond area shown is
three acres.

4.2.3.3 Hales Draw Ranch

The Hales Draw Ranch is located east of Lance Creek and the intersection of Highways 270
and 85. A tributary of Sage Creek, which is tributary to Lance Creek, flows through the ranch.
Evaluation of a new storage area was requested, though a specific location was not indicated.
A location was chosen to maximize the drainage area and provide suitable topography for a
dam. The ranch and proposed storage area location are shown in Map 34c, Hales Draw
Ranch. The drainage area for the dam would be 5.4 square miles. Available water in a normal
year at that location could be expected to be 73 acre-feet. The volume of the storage area
would be 78 acre-feet, and the surface area would be 13 acres. An outlet structure would be
installed in addition to the dam.

4.2.3.4 Hammell Property

The Hammell Ranch is located in the northeast portion of the Thunder Basin L&LC watershed.
An existing dam is located on the property, as seen in Map 34d, Hammell Ranch. The dam has
been eroded and is in need of rehabilitation. After first evaluating rehabilitating the dam,
relocating it approximately 1,600 feet upstream of its current location was investigated. The
relocated dam would require less earthwork and would be significantly less expensive. In
addition, the existing dam is close to the house and poses more of a potential flooding threat.
An outlet structure would be installed in addition to the dam. It is estimated that the volume of
the pond would be approximately 20 acre-feet. The drainage area upstream of the new location
is 2.2 square miles and the pond surface area would be 2.2 acres. The available water for a
normal year, based on the Lance Creek watershed, would be 19 acre-feet.

4.2.3.5 Kruse Property

The Kruse Ranch is located on a northern tributary of Lightning Creek. A dam was located on
the property in the past, but has since eroded and washed out. A request to evaluate
construction of a replacement dam was made, along with rehabilitating an existing dam and a
new storage location. Spillways and outlet structures will be included with the new storage
areas. Map 34h, Kruse Ranch, shows the ranch and the three proposed improvements.

¢ Replacing the dam is the highest priority. The drainage area at the location of the former
dam is 1.9 square miles. The anticipated available water in a normal year would be 17
acre-feet. The dam would easily be able to store that volume.

o Removal of sediment from an existing structure was evaluated. It was estimated that
approximately 12.8 acre-feet of sediment would require removal based on estimates of
the road and channel flowline elevations. The drainage area to this structure is
approximately 0.13 square miles, so the anticipated available water in a normal year is
1.1 acre-feet.

e A proposed new structure has a drainage area of 5.3 square miles, which would indicate
available water during a normal year of 47 acre-feet. The volume behind the dam would
store approximately 50 acre-feet. The surface area of the pond would be approximately
2.5 acres. A dam, outlet works, and spillway were included in the improvements.
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4.2.3.6 Lund Property

The Lund Ranch is located southwest of Bill, in the far western portion of the watershed.
Tributaries of Box Creek flow through the ranch. An existing water storage area is located
immediately upstream of a road. A request was made to evaluate realigning the road and
forming a new dam, raising the existing outlet pipe to provide additional storage. The ranch and
pond location are shown in Map 34i, Lund Ranch. The drainage area of the pond is 1.9 square
miles, which results in anticipated available water during the normal year of 17 acre-feet. With
the realignment, the surface area of the pond would be approximately 9 acres. An outlet
structure was included in the improvements.

4.2.3.7 McCormack Property

The Lone Crow Cattle Company Ranch is located near the northern boundary of the central
portion of the watershed. Dogie Creek, which is tributary to Lightning Creek, flows through the
ranch. A water storage evaluation was requested, but specific locations were not identified.
Potential locations were determined based on maximizing the drainage area and suitable
topography for a dam. Three potential locations were identified. The ranch and the potential
storage locations are shown in Map 34j, McCormack Ranch. Table 4.2.3-2 summarizes the
key information about the storage sites. Outlet structures are included in the proposed
improvements.

Table 4.2.3-2 McCormack Property Potential Surface Water Storage Areas

STORAGE STORAGE STORAGE
STORAGE AREA SITE 1 SITE 2 SITE 3
Drainage area, square miles 0.4 2.6 0.6
Available water during normal year, acre-feet 3.3 22 4.9
Surface area, acres 1.0 2.8 2.1
Storage volume, acre-feet 5.0 28 17

4.2.3.8 Nelson Property

The Nelson property is located just east of Highway 270 approximately three miles south of the
town of Lance Creek. Cherry Creek flows through the ranch. A storage evaluation for an east
tributary of Cherry Creek was requested. A dam location was selected to capture most of the
tributary drainage area. The drainage area to the dam would be 0.14 square mile, for which an
estimated 1.2 acre-feet of water would be expected to be available during a normal year. The
storage volume of the pond would be 3 acre-feet with a surface area of 0.5 acres. The ranch
and proposed pond are shown in Map 34k, Nelson Ranch.

4.2.3.9 Snyder Property

The Snyder Ranch is located approximately five miles west of Highway 85. Tributaries to Little
Alkali Creek flow through the ranch. A storage evaluation for the southeast portion of the
property was requested as a catchment for stormwater or snowmelt. A dam location was
selected based on maximizing the drainage area, which was 1.0 square mile. The available
water during the normal year would be 9 acre-feet. The storage volume of the pond would be
11 acre-feet with a surface area of 1.4 acres. The ranch and the proposed pond are shown in
Map 34n, Snyder Ranch.
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4.2.3.10 Swanson Property

The Swanson Ranch is located near the northern boundary of the watershed. South
Greasewood Creek flows through the property. An existing surface water pond is located on
South Greasewood Creek. The dam is formed by a road. Evaluation of removal of
accumulated sediment was requested to rehabilitate the structure. The landowner reported that
the sediment has accumulated primarily 5 to 10 feet deep. If the pond were completely cleared
out, the maximum depth could be in the range of 20-25 feet. To determine the removal volume,
the 5 to 10 feet sediment depth was averaged and applied to the pond surface area of 3.5
acres. The full volume of sediment removal was estimated to be 26 acre-feet. A lesser volume
could be removed if desired. The ranch and the proposed pond are shown in Map 340,
Swanson Ranch.

4.2.4 Livestock Watering Opportunities

Due to the large watershed, it was necessary to develop a screening method to determine
where additional livestock watering is desirable or needed, in addition to the requests of
property owners. As a rule of thumb, cattle will graze up to a mile from a water source. Map 35,
Existing Livestock/Wildlife Watering Opportunities, shows the stock wells in the state engineer’s
office database and stock pond locations. Around each of these, circles with a 1-mile radius
were drawn to indicate locations served by an existing water source. Areas outside of the circles
indicate areas where additional water development could be useful. Areas not sufficiently
served by an existing water source were evaluated for well development, as described in
Section 4.4, and for rehabilitation of existing breached dams, as described below in Section
4.2.5.

425 Evaluation of Breached Dam Sites

A reconnaissance-level survey of the entire study area was conducted using aerial photography,
topographic maps, and GIS surface water layers to identify locations where potential breached
dams appeared to exist. Some of the dams are breached such that the former reservoir is
empty, while others are apparently partially breached and still hold a smaller amount of water.
Map 36, Breached Dam Location Map, shows the locations of the identified breached dams,
which are listed in Data Summary 4.2.5-1 (in Appendix A).

The estimated surface area behind each breached dam was estimated. Assuming an average
depth of 5 feet, an estimate was made of the volume of storage that could be gained. There are
290 potential breached dam locations. The median pond size was 0.7 acres and the median
estimated volume was 3.6 acre-feet. The maximum pond size and volume were 20.1 acres and
6.7 acre-feet, respectively. The total estimated volume for all of the ponds was 1,946 acre-feet.

At the public meeting on March 24, 2011, the breached dam analysis was discussed.
Attendees were asked whether any of the locations were desirable for rehabilitation. Other than
storage evaluation requests described in Section 4.2.3, no feedback was received regarding
which of the breached dam locations would be desirable to rehabilitate.

The breached dam locations were compared to the cattle ranges around the stock wells and
stock ponds, as shown in Map 35, Existing Livestock/Wildlife Watering Opportunities. A total of
120 potential breached dams were shown to be outside of the circles that designated the
ranges. These structures could be repaired to provide additional livestock / wildlife watering in
areas not served by other water sources. Data Summary 4.2.5-2 (in Appendix A), shows the
locations and estimated conceptual-level costs to repair the structures, which were based on a
typical cost per acre-foot of water. Due to the lack of information on the structures and the

OLSSON Project No. 010-1333 Page 80



Wyoming Water Development Commission Thunder Basin L&LC Watershed Management Plan
WWDC Contract # 05SC0294198 Level | Watershed Study

number of them, it was not feasible to estimate If there is interest in rehabilitating any of these
structures, site visits must be made to gain a better sense of the extent of necessary
rehabilitation and a more refined estimate of needed work and a rehabilitation cost can be
made. The locations of the breached dams are highlighted in Map 36.

4.3 Groundwater Development

Shallow groundwater development is a viable source of water for wildlife/livestock in Thunder
Basin L&LC watershed. The information provided in Section 2.1.6 indicates that the shallow
alluvial wells can produce up to 300 gpm, although the average flow ranges from 5 gpm to 10
gpm. Similarly, shallow bedrock wells completed in the Wasatch, Fort Union and Lance
Formation can yield similar range of flow as the alluvial wells. Solar-powered well systems can
be installed to pump water into either surface water ponds or storage tanks for livestock and
wildlife watering. A lower-power pump would be desirable for use for this purpose. Based on the
information on shallow well development in Thunder Basin, it is reasonable to assume the pump
capacity at 5 gpm. The average annual hours of light in the area is approximately 4,400 hours
(including cloud cover). The resulting annual pumping would be 3-4 acre-feet. To assess the
viability of installing shallow wells at a particular location would require a site-specific evaluation
by a groundwater professional and/or an experienced and capable well driller. Additionally, the
locations of these systems would need to be identified by landowners to ensure that the
locations are conducive to his or her range management practices.

4.4 Wildlife/lLivestock Watering Opportunities

4.4.1 Existing/Planned/Proposed Watering Sites

The WWDC has been working with the Converse County Conservation District and members of
the TBGA to develop new livestock/wildlife watering sites throughout Converse County. Map 37
illustrates locations of the recently completed and ongoing projects in the watershed. The
projects included items such as well installation, pipeline, solar well pump, and stock tanks.

4.4.2 Alternative New Watering Opportunities

The following subsections include information on additional sites that could be developed in a
similar manner through the Wyoming Water Development Small Water Project Program. These
proposed projects were identified by landowners with the assistance of the TBGA sponsors
through their attendance and involvement in the Thunder Basin Watershed Improvement project
meetings. Each request was evaluated separately. Table 4.4.2-1 provides a list of the projects,
the water source, types of proposed improvements and estimated costs. Other projects with
similar parameters still exist throughout the watershed. The sites listed below provide a basis
for evaluation upon which other sites could be assessed. For example, many of the SEO well
sites listed on Map 27 are currently not producing. Along with the list of sites provided in Table
4.4.2-1, upland well developments would result in significant benefits to the watershed. Some
benefits discussed with the ranch owners included:

o Healthy livestock with additional watering sites that minimize distance traveled
per day to a clean water source

o Reduced soil erosion due to reduced distance livestock travel to water per day
resulting in reduced sediment loading on streams

e Reduced impacts to sensitive riparian habitats

e Enhanced stream stability through stable vegetative cover
Reduced expansion and establishment of non-native plants
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Table 4.4.2-1 Upland Water Well Development Projects
Pipeline
Project Water | Solar [ Length | Pasture | Storage | Stock | Site |Estimated
Number [ Ranch Name Well |Power| (feet) | Fencing | Tank | Tanks | Prep Cost
1 Greer 0 1 0 0 0 0 0 $6,500
2 Gunn 1 1 0 0 1 1 1| $22,500
3 Hales Draw 1 1 0 0 0 1 1} $12,660
4 Johnson North 0 0 13107 0 1 3 O $44,214
5 Johnson South 1 1 10548 0 0 3 1| $41,996
6 Kremers A 1 1 3158 0 0 1 1| $20,236
7 Kremers B 0 0 15370 0 1 6 0| $42,760
8 Kremers C 1 1 1965 0 0 1 1| $17,850
9 Kremers D 0 1 13633 0 1 4 0| $45,386
10 Kremers E 0 1 9844 0 0 3 0| $31,408
11 Porter 1 1 0 0 1 1 1 $20,120
12 Robinson East 1 1 0 0 1 1 1 $44,900
13 Robinson West 1 1 0 0 1 1 1| $44,900
14 Robinson South 1 1 0 0 1 1 1|  $44,900
15 Stoddard A 1 1 0 0 1 1 1|  $44,900
16 Stoddard B 1 1 0 0 1 1 1|  $44,900
17 Stoddard C 1 1 0 0 1 1 1| $44,900
18 Swanson 1 1 0 0 0 0 1 $12,460

4421 Greer Ranch

The watershed improvement for Greer's Ranch includes converting a windmill located in
Township 36 North, Range 64 West, Section 5, Southeast %, Southeast ¥4 to a solar power
well. The intent is to provide a consistent water supply for cattle to optimize range management
in the area. By replacing the windmill with a solar power system, the water supply will be
available whether there is wind or not. Conceptual cost estimates are presented in Table 4.4.2-
1.

4.4.2.2 Gunn Ranch
The Olsson team met with Dwight and Shelly Krien of the Gunn Ranch to discuss their options
for well development. The Gunn Ranch has very limited water supply from two wells on
Highway 270 (Map 34b). The two wells are drilled to 60 foot depths and between the two wells
they produce about 3 gallons per minute. They have about 15 miles of pipeline, 3 storage tanks
and 14 stock tanks to distribute the water across their ranch. The three storage tank locations
and capacity are as follows:

e 10,000 gallon in Section 34
e 10,000 gallon in Section 3
e 10,000 gallon from oil well discharge

They also have a well in the hayfield in Section 4 and another well in Section 7. The hayfield
well is drilled to 200 foot depth. Water is at approximately 150 feet below ground surface. The
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yield is about 3 gallons per minute for a few minutes and then goes down to 3 quarts per
minute. The water in the Section 7 well is bad and toxic to livestock.

They are interested in either water storage sites or new wells. They have had quite a bit of field
investigation to look for water sources, but geologic faulting in the area makes predictions of
water availability difficult on the property. A geophysical report indicated drilling to
approximately 600 feet may yield a productive well although productive wells to the west of the
Gunn Ranch in Section 17 are on the order of 150 feet in depth.

In summary, improvements to the Gunn Ranch to facilitate rotational grazing practices include
installation of one new well with pipelines for water distribution and a tank for storage. Without
additional geophysical investigations, our preliminary recommendation would be to drill test
holes in Section 17, east of a producing well on the Walter property. If a good well location is
identified, a new solar well could be installed. Without new water sources, another option may
be additional piping and storage from the existing wells on highway 270.

44.23 Hales Draw Ranch

The watershed improvement for Hales Draw ranch includes an additional well in the northern
pasture (Map 34c). By adding an additional water source, cattle grazing distribution can be
improved and a grazing rotation can be considered. Based on existing well completion and
yield information, conceptual cost estimates are presented in Table 4.4.2-1.

4424 Johnson Ranch

The Olsson Team met with Mr. Frank Eathorne of the Johnson Ranch to discuss the options for
upland water development opportunities. The improvements proposed for the Johnson Ranch
include the addition of one new well, one large storage tank, six stock tanks and buried pipeline
(Map 34f). There are two proposed projects on the Johnson Ranch, Johnson North and
Johnson South. The two projects are based on improvements specifically targeted to the north
and south pastures. With the installation of the strategically placed well and stock tanks,
livestock could be rotated through a series of meadows which would benefit range management
in the watershed. Several of the stock tanks are proposed along existing fencelines to allow for
access by neighboring property owners/leasees. Based on existing well completion and yield
information, conceptual cost estimates were developed for the Johnson North and Johnson
South proposed improvements (Table 4.4.2-1).

4425 Kremers Ranch

The Olsson team met with Justin and Ricky Kremers of Kremers Ranch to discuss watershed
improvement projects. The Kremers are looking at increasing cattle production and rotational
grazing by increasing the livestock and wildlife watering opportunities across their ranch. The
improvements proposed include two new solar wells, upgrades of four existing windmills to solar
power wells, 8.3 miles of pipeline, two new storage tanks and fourteen stock tanks (Map 34g).
Based on existing well completion and vyield information, conceptual cost estimates are
presented in Table 4.4.2-1. The projects were subdivided based on the location and pasture
improvements into projects Kremers A through E. The intent of each of the projects (A-E) is to
provide a consistent water supply for cattle to optimize range management in the area.

4426 Porter Ranch

The Porter Ranch is 640 acres on the south end of the Lightning Creek watershed in Converse
County (Map 34l). The water source for the property is a windmill built in the 1930s. The
windmill broke in 2010 and they are interested in drilling a new solar well as a replacement.
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They are planning to increase their cattle herd by 50-60 head once they have a more consistent
water source. Based on existing well completion and vyield information, conceptual cost
estimates are presented in Table 4.4.2-1.

44,27 Robinson Ranch

The Olsson team met with Jay Butler of Robinson ranch to discuss watershed improvement
projects. Mr. Butler would like to add some new wells along fence lines to maximize pasture
rotation options for his ranch. He would like to install at least three wells:

¢ Between Section 28 and 21 on the new fence line. Target depth is 300-400 ft.

e Between two pastures in Section 22

e Section 12 to replace an old windmill well
He would also like to look at other viable well sites across the ranch to maximize rotational
grazing and benefit wildlife. He would like to have overflow from the well flow into a pond for
wildlife watering. He is also interested in learning more about the sage grouse program.

The watershed improvements proposed for Robinson Ranch include three new solar powered
wells with storage and stock/wildlife watering tanks (Map 34m). The improvements include
three specific projects including Robinson East, West, and Sough. By adding the proposed new
wells and tanks, watering sources and locations will be increased thus allowing for optimized
range management practices. Based on existing well completion and yield information,
conceptual cost estimates for the east, west and south pastures are presented in Table 4.4.2-1.
Additionally, information on the Sage Grouse Initiative was sent via email so that Mr. Butler
could review the requirements for additional habitat and grazing management practices that
could benefit Sage Grouse populations in the area.

4428 Stoddard Ranch

The improvements on Stoddard’s ranch include installation of three solar wells. The owners of
the ranch would like to provide additional grazing opportunities for the cattle in areas that are
currently dry. Based on existing well completion and yield information, conceptual cost
estimates for three specific projects, Stoddard A, B, and C are presented in Table 4.4.2-1.

4429 Swanson Ranch

The improvements on Swanson’s buffalo ranch include installation of a solar power well (Map
340). The owners of the ranch would like to provide additional grazing opportunities for the
buffalo herd in areas that are currently dry. Based on existing well completion and yield
information, conceptual cost estimates are presented in Table 4.4.2-1.

4.5 Other Management Practice Improvements

45.1 Grazing Management

Management of grazing use that enhances the extent and height of ground cover can be
expected to enhance the retention of snow and rain in a manner that encourages greater
infiltration into the soil surface. Improved vigor of prairie vegetation including riparian vegetation
will reduce vulnerability to invasion by weeds in general including salt cedar and Russian olive.

Beyond the water budget benefits, successful grazing management marshals the proper
balance of grazing intensity and duration on a site so that long-term yield of forage is
maximized. Higher ground cover and biomass production positively influences wildlife habitat
value, water course stability, as well as soil stability and water quality.
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45.2 Salt Cedar and Russian Olive Treatment

According to the Thunder Basin Area Analysis FEIS, invasion of Russian olive and salt cedar
has been confronted well in the basin, at least on public lands. Continued resistance to invasion
however is likely to be required. This may take the form of manual removal preferably followed
by chemical treatment of remaining stump or root stub surfaces with Garlon®, Roundup® or
Rodeo®. For large infestations should they come to exist, the Tamarix leaf beetle (Diorhabda
elongata ssp. deserticola) could be useful in diminishing the size of the problem, though as with
most bio-control approaches it cannot be expected to eliminate salt cedar.

45.3 Noxious Weed Control

Other noxious weeds present in the study area include leafy spurge (Euphorbia esula) and
diffuse knapweed (Centaurea diffusa) in the Lightning Creek watershed (BLM, 2005) as well as
occurrences of hoary cress (Cardaria draba), diffuse knapweed (Centaurea diffusa), spotted
knapweed (Centaurea maculosa), houndstongue (Cynoglossum officinale), leafy spurge
(Euphorbia esula) and Scotch thistle (Onopordum acanthium) in Converse and Niobrara
Counties documented between 2000 and 2011 (Rice 2011). The most abundant and the one
most typical of moisture accumulation sites is Canada thistle. Chemical control using systemic
herbicides (for example Curtail®, Tordon® Milestone® or Transline®) is recommended at a time
when translocation downward to the deep root mass can be accomplished (usually in the fall).
Intensive, short term livestock grazing management can provide effective weed control.

Enhanced range condition tends to provide sufficient competitive pressure to limit the presence
of annual bromes, however there has been a trend in northeast Wyoming for the plants to have
a progressively higher average presence, even on sites that would be considered in good range
condition. Chemical treatment of annual bromes with Matrix® and/or Plateau® can be effective.
Again, intensive, short term livestock grazing management, particularly when bromes are most
susceptible to grazing pressure, can provide effective control.

4.5.4 Grazing Management for Sage Grouse Habitat Improvement and Maintenance

Properly managed livestock grazing can support healthy rangeland conditions while also
providing habitat for sage-grouse (Crawford et al. 2004). The Wyoming Game and Fish
Department (WGFD) has developed livestock grazing guidelines with the main goal of
encouraging healthy and vigorous plant communities for wildlife habitat (Bohne et al. 2007).
Other grazing management practices to consider include the following:

1. Improve livestock distribution and forage use in upland areas by locating new water
sources in areas where impact to critical sage-grouse habitat is minimized (Bohne et al.
2007).

2. Reduce concentration of livestock near water in good nesting and brood-rearing habitat
to prevent reduced levels of residual cover or excessive trampling. (Bohne et al. 2007).

3. Making livestock fencing friendly to wildlife, e.g. using tags to mark barbwire fence
making them more visible to wildlife reducing injury and mortality to sage grouse, prairie-
chicken and other susceptible birds (USDA NRCS, 2011).

4. Retrofit existing watering facilities (troughs, tanks, etc.) to allow for escape of wildlife
that become trapped while trying to drink (USDA NRCS, 2011).
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5. Improve sagebrush understory vegetation using prescribed fire, mechanical
treatments, interseeding with grasses and forbs, changes in grazing management, or
a combination of these treatments (Miller and Eddleman, 2001).

Funding is available for some of these conservation practices including through the USDA
Conservation Stewardship Program (CSP) which is part of the 2008 Farm Bill (USDA NRCS,
2011). Enhanced watershed function will ultimately provide ecological conditions that support
habitat and whatever natural functions flora and fauna that can and will take advantage of the
landscape within the watershed.

5.0 Cost Estimates

5.1 Irrigation System Cost Estimates

Costing for the recommended potential irrigation infrastructure rehabilitation measures is based
on extensive prior experience by team member ACE in the planning, design, costing and
construction oversight of similar project elements throughout Wyoming, including in the
Cottonwood/Grass Creek watershed. These costs are included in Table 5.1-1. Table 5.2.1-1
provides a summary of the costs and then calculates an annual cost per acre serviced over 20
years.

Table 5.1-1 Annual Rehabilitation Costs

Cost per | Annual
Project Acres Revenue | Rehabilitation Acre Cost per
Number Description Serviced | Per Acre Cost Served Acre
1 Improve berms along Creek 15 30 $6,000 $400 $20
2 Construct spreader dikes 5.5 30 $6,000 $1,636 $82
3 Install centrifugal pump 14 30 $10,000 $714 $82
5.2 Surface Water Storage Sites Cost Estimates
5.2.1 Cost Estimates for Account Il Storage Sites

Tables 4.2.2-5 through 4.2.2-8 present the costs for the Lightning Creek 1, Lightning Creek 2,
Lightning Creek and Tributaries, and Old Woman Creek sites. Table 5.2.1-1 presents a
summary of the costs and calculates the cost on an annual basis per acre-foot of irrigation
storage water. In order of least to most expensive based on this measure, the four sites would
be ranked as follows: Lightning Creek 1, Lightning Creek and Tributaries, Lightning Creek 2,
and Old Woman Creek. Annual operation and maintenance costs for the reservoirs is
anticipated to be 0.75% of the construction cost.

Table 5.2.1-1 Potential Dam Sites Cost Summary

: Irrigation Storage, Total Storage | Annual Cost/ac-ft
LIS ac-ft st & Life, years of storage
Lightning Creek 1 3,588 $26,300,000 57 $129
Lightning Creek 2 5,176 $60,000,000 57 $203
Lightning Creek and 57
Tributaries 3,482 $35,200,000 $1r7
Old Woman Creek 1,622 $31,000,000 57 $335
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5.2.2 Cost Estimates for Rehabilitated Breached Dams

Table 4.2.3-1 shows the estimated conceptual level costs of repairing the breached dams. The
costs were based on a typical cost per acre-foot of water. Site visits must be conducted and
more detailed analysis of needed repairs done, if there is interest in rehabilitating any of these
structures. The visits would provide a better sense of the scope of necessary repairs.

5.3 Cost Estimates for Groundwater Well Development/Wildlife/Livestock Watering

Table 4.4.2-1 shows the estimated conceptual level costs for groundwater well/ wildlife and
livestock watering projects. The costs were based on similar project cost estimates for Small
Water Project and personal communications with members of the TBGA. Site visits must be
conducted and more detailed analysis of the site-specific hydrogeology will need to be
completed before the projects are implemented. The evaluations will provide additional detail on
well completion depths and well yield estimates.

5.3.1 Cost Estimates for Wetlands

Two areas are proposed for wetlands development. In both cases, the amount of water
available will limit the extent of wetland which can be constructed. Note that the probable costs
for these two wetland areas are not based on detailed plans, thus the specific footprint of the
site is not known. In addition, the cost estimates do not include the cost of soil amendments or
linings should the soils be judged unsuitable to maintain wetland hydrology conditions without
modification.

The first proposed wetland area is on the Butler Ranch and is fed by a well that pumps
approximately 5 gpm and feeds a cattle tank. The wetland will be created by overflow from the
tank. The extent of wetland that can be maintained by this hydrology may range up to 0.25
acres.

Opinion of probable cost for this wetland:

e Stop-log outlet structure: $900

e Excavation and construction of berm (400 cu.yds. @ $10 per yard): $4,000
e Seeding with mix of native wetland species for 0.5 acres: $4,000

e Fencing (450 linear feet @ $2 per foot, plus corner posts): $1,000

Subtotal: $9,900
Contingencies (10%): $990
Design (10%): $990
TOTAL: $11,880

The second proposed wetland area is on Hammell Ranch and is a fringe wetland that will be
maintained by an impoundment of an ephemeral creek. The impoundment is proposed to be
located upstream of an existing silted-in pond. The wetland will be constructed in coordination
with the construction of the new pond which would keep construction costs down. However,
due to the small size of the pond, at most 0.1 acre of wetland is likely to develop.

Opinion of probable cost for this wetland:

e Excavation and grading of wetland area (100 cu.yds. @ $10 per yard): $1,000
e Seeding with mix of native wetland species for 0.1 acres: $2,000

e Fencing (800 linear feet @ $2 per foot, plus corner posts): $2,000

Subtotal: $5,000
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Contingencies (10%): $500
Design (10%): $500
TOTAL: $6,000

5.4 Cost Estimates for Other Management Practice Improvements

54.1 Grazing Management

Costs of implementation of changes in grazing management other than livestock watering
(addressed above) vary from comparatively small (salting, planning, moving herds between
paddocks) to comparatively large when the need for additional fencing is involved.

5.4.2 Salt Cedar and Russian Olive Control

Estimates by Hart (2004) of the cost of saving water that would otherwise be lost to transpiration
of salt cedar (by removing the salt cedar) ranged from $16 to $111 per acre-foot. This
represents an extremely cost-effective approach to increase of available water in a range
watershed.

54.3 Noxious Weed Control

Costs of chemical herbicide application are variable depending on scale of infestation, distances
to be traveled, and fuel costs. Relative to control of Canada thistle, costs for the chemicals
mentioned above range from $16 to $26 per acre not including application (Jacobs et al. 2006).
At $14.60 per acre, a more cost effective noxious weed management tool is grazing
management. Grazing management as a weed management tool is particularly beneficial and
sustainable for this area and should be considered first when evaluating weed control
management options.

54.4 Grazing Management for Sage Grouse Habitat Improvement and
Maintenance

The costs associated with implementing changes in grazing management vary from
comparatively small (moving herds between paddocks) to comparatively large when the need
for additional fencing or water tanks are involved. The following are average costs to install
conservation practices relating to grazing management for sage grouse habitat improvement
and maintenance as provided by the Wyoming Environmental Quality Incentives Program
(EQIP) and Montana NRCS Electronic Field Office Technical Guides (USDA Wyoming EQIP
and NRCS Montana 2011).

Many of these costs do not including maintenance costs or offsets based on Environmental
Quality Incentives Program (EQIP) payments from the USDA. In addition, some costs are
accompanied by added benefits, for example, the benefit of higher utilization of formerly
underutilized forage from the installation of cross-fencing (Knight et al 2011).

In addition, drill seeding costs, not including the seed and using a Rangeland (Laird-type)
interseeder, are about $100 per acre plus mobilization costs (NRCS, 2011). Native forb and
shrub seed can be costly, ranging from a few hundred dollars to a thousand dollars or more per
acre depending on the seed mixture selected (David Buckner, personal communication, July 28,
2011).
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Table 5.4.4-1 Costs of Conservation 