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“Working relationships yield a
shared vision...”

August 14, 2015
Dear Reader,

The Yellowstone River Conservation District Council (YRCDC) is a grassroots, locally led
organization composed of eleven Conservation Districts along the Yellowstone River,
working to complete the Cumulative Effects Analysis study (CEA) and develop voluntary
management recommendations for the river and its riparian areas.

The Yellowstone River stretches over 680 miles and is the longest free-flowing river in
the lower 48 states. The study covers the 565-mile reach of the river from Gardiner,
Montana to its confluence with the Missouri River in North Dakota.

On May 20, 1999, six environmental organizations filed a lawsuit in US District Court in
Billings, Montana, contending that the US Army Corps of Engineers (Corps) had
doubled the number of bank stabilization permits on the Yellowstone River between
1995 and 1997 over the previous 12 years.

The complaint stated the Corps issued the permits without understanding the
cumulative impacts of those projects on river health. The judge ruled against the Corps
and a short time later the US Congress authorized the Corps to conduct the
Yellowstone River Corridor Comprehensive Study to determine the cumulative
hydrologic, biological, and socioeconomic impacts of human activity on the
Yellowstone River.

In 2004, the YRCDC and the Corps entered into a cost-sharing agreement and agreed
upon a scientific project study plan for what is known as the Cumulative Effects
Analysis (CEA), which could provide the basis for the Yellowstone River recommended
management practices on the river.

The YRCDC has remained committed to providing leadership, assistance, and guidance
for the wise use and conservation of the Yellowstone River during this entire process,
and strongly supports the scientific studies on which to base management
recommendations. YRCDC's purpose is to provide local leadership, assistance, and
guidance to sustain the system’s natural resources and improve social, environmental
and economic values along the river corridor.

In an effort to encourage broad-based local, regional, and national understanding and
support for the CEA, the YRCDC has sponsored several demonstration projects,
meetings, tours, and workshops. The YRCDC has been conducting a series of workshops
for Conservation District supervisors, landowners, and other decision-makers to convey
CEA conclusions and gather public input on draft voluntary river management
recommendations.

YRCDC implements its purpose through the following fundamental precepts: 1) the
need for sound scientific information on which to base management decisions; 2) the
need for broad-based local, regional, and national input, to define a shared vision that
will provide a foundation for resolving issues; 3) the need for technical and financial
assistance to address sustainable use issues on the Yellowstone River; 4) the need to
maintain constructive dialog with all users and stakeholders; 5) the need to educate
and inform the public to help create a vision for the future of the river; and 6) the need
to establish a baseline for future evaluation of trends based on scientific data.
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The YRCDC has focused on the following points which are central to the Conservation Districts bordering the
Yellowstone River and vital to all its stakeholders: 1) sound and accurate scientific information on which to base
future decisions; 2) bank stabilization (310 issues); 3) irrigation water impacts, availability, and water reservations;
4) livestock, grazing, and farming issues; 5) water quality and stream impairment; 6) recreational uses of the river
and the floodplain; 7) municipal and domestic water needs and impacts; 8) scenic and aesthetic values of the river
corridor; and 9) fisheries and wildlife habitat stability.

The YRCDC acknowledges the importance of partnerships which have been developed since its inception. The study
area is immense, with many diverse groups having interests in varied topics specific to certain portions of the river.
This undertaking is truly a well-grounded grass roots effort with representation from every county along the river
and many groups with a wide range of specific interests.

Early on it was agreed that our differences would be handled through constructive dialog, rather than angry
opposition. From that point, relationships have grown and the YRCDC has been open to listening to all points of view
on the river. These relationships not only include diverse groups, but many agencies (some of which are regulatory)
and academics who have committed to the locally led effort.

When undertaking a study of this magnitude, it is necessary to understand the social relationships that determine
how the efforts will be accepted. By having the Conservation Districts involved in each county, the effort takes on a
local flavor with landowners being approached by other landowners and people in their community. The feedback
was honest and straightforward making the acceptance of the end product, voluntary management practices, a more
realistic goal. Without the cooperation of the landowners, very little could be accomplished as 80% of the lands
bordering the Yellowstone River are privately owned.

We are proud to present this Cumulative Effects Analysis document to all who appreciate and value the Yellowstone
River. The commitment of the members of the Council and our partners has produced a one of a kind scientific
research document that will be read and used by countless people in the years to come. We hope all who use this
research tool will understand the passion and devotion of all who were involved with producing this invaluable
analysis assessment.

Sincerely,

Don Youngbauer, Chairman
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ACRONYMS/ABBREVIATIONS

Acronym/Abbreviation Definition

7Q10 The lowest 7-day average flow expected to occur every 10 years
AFO Animal feeding operation
Aginf Areas of agricultural infrastructure
AUID Assessment unity identification code
BMPs Best Management Practices
CAFO Concentrated animal feeding operation
CEA Cumulative Effects Analysis
cfs Cubic feet per second
CM Confined meandering (channel type)
CMZ Channel Migration Zone
Corps U.S. Army Corps of Engineers
CSs Confined straight (channel type)
CWA Clean Water Act
DNRC Montana Department of Natural Resources and Conservation
DO Dissolved oxygen
FEMA Federal Emergency Management Agency
GIS Geographic Information System
HUC8 8-digit hydrologic unit
LiDAR Light Detection and Ranging
LWD Large woody debris
MDEQ Montana Department of Environmental Quality
MFWP Montana Fish, Wildlife & Parks
MPDES Montana Pollutant Discharge Elimination System
NAWQA National water quality assessment program
NRCS National Resources Conservation Service
NRIS Montana Natural Resource Information System
NWI National Wetland Inventory
PAH Polynuclear aromatic hydrocarbon or polycyclic aromatic hydrocarbons
PCA Partially confined anabranching (channel type)
PCB Partially confined braided (channel type)
PCM Partially confined meandering (channel type)
PCM/I Partially confined meandering/islands (channel type)
PCS Partially confined straight (channel type)
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Acronym/Abbreviation Definition

PSOC Potential species of concern

PWS Public water supply

RMA Restricted Migration Area

SOC Species of concern

SPARROW Spatially Referenced Regression on Watershed Attributes (USGS)

SSCV Shallow, slow current velocity

SvoC Semi-volatile organic compound

T&Y Tongue & Yellowstone Irrigation District

TDS Total dissolved solids

TMDL Total maximum daily load

UA Unconfined anabranching (channel type)

uB Unconfined braided (channel type)

USBOR Bureau of Reclamation

USDA U.S. Department of Agriculture

USFWS U.S. Fish and Wildlife Service

us/i Unconfined straight/islands (channel type)

USGS U.S. Geological Survey

VOC Volatile organic compound

WMA Wildlife Management Areas

WWTP Wastewater treatment plant

YRCDC Yellowstone River Conservation District Council

YRRP Yellowstone River Recommended Practice
18
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GLOSSARY

100-Year Inundation Boundary — Area frequently analyzed in this study that may be inundated in the
1% frequency flood (or 100-year flood). Based on a GIS inundation model, not a hydraulic modeling
system. Assumes no levees, roads, or other obstructions present that may currently block flows from the
floodplain.

Acre-foot — The volume of water that will cover one acre of surface area to a depth of one foot. One acre
foot is equivalent to approximately 326,000 gallons.

Alluvial — Relating to unconsolidated sediments and other materials that have been transported,
deposited, reworked, or modified by flowing water.

Anabranching — A section of river or stream channel with more than one channel separated by
vegetated or semi-vegetated islands.

Avulsion - A sudden cutting off or separation of land by a flood or by abrupt change in the course of a
stream, as by a stream breaking through a meander or by a sudden change in channel location whereby
the stream deserts its old channel for a new one. The result is often the formation of a straighter channel
pattern characterized by an increase in channel bed slope and decrease in channel length.

Bankfull Depth - Refers to the maximum depth of flow measured from the channel low-point (thalweg) to
the estimated bankfull elevation.

Bankfull Discharge - The discharge corresponding to the stage at which flow is contained within the
limits of the river channel, and does not spill out onto the floodplain. The stage just before over bank flow
begins.

Channel Migration — The process of a river or stream moving laterally (side to side) within its floodplain.
This process can be slow or fast and the rate is usually affected by the type of soils present in the banks,
land use, the volume of water and its power to erode the banks.

Channel Migration Zone — The floodplain area subject to natural channel migration. For this study, the
collective area where the river has meandered since 1950.

Consumptive Use — Use of surface or groundwater in the study area that is not directly returned to the
river. For example, domestic water is used in households and then sent to septic systems or wastewater
treatment plants that may discharge to groundwater or surface water after a period of days, weeks, or
months, but reduces water levels at the point of diversion.

Evapotranspiration — The sum of the processes that turn water into water vapor from evaporation of
water from soil and waterbodies plus transpiration of water through plants that take up water and then
release it through their leaves.

Exurban — Low density development of houses on 5 to 40 acre lots.

Flood frequency — The statistical probability that a flood of a certain magnitude for a given river will occur
in a certain period of time.
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Floodplain- Flat or nearly flat land adjacent to a stream or river that stretches from the banks of its
channel to the base of the enclosing valley walls and experiences flooding during periods of high
discharge.

Fluvial - Formed or produced by the action of flowing water; of, pertaining to, or inhabiting a river or
stream.

Geomorphology - The study of landscape evolution including shape, form and process through space
and over time. It is the earth science that focuses on understanding the processes of erosion, weathering,

transport, and deposition, with measuring the rates at which such processes operate, and with
guantitative analysis of the forms of the ground surface and the materials of which they are composed.

GIS — Geographic Information Systems: A system of hardware and software used for storage, retrieval,
mapping, and analysis of geographic data.

Heterogeneity — Comprised of a mix of properties. In the context of habitat, a mix of many different types
of habitats or plant communities.

Hydrology — The study of properties, movement, distribution, and effects of water on the Earth’s surface.

Hydraulics — The study of the physical and mechanical properties of flowing liquids (primarily water). This
includes elements such as the depth, velocity, and erosive power of moving water.

Large Woody Debris (LWD) - Functional wood in streams is called large woody debris. The definition of
large woody debris varies. However, for the purposes of this study, the typical size of LWD are 18-36
inches in diameter and 12 — 32 feet in length.

Meander - One of a series of regular freely developing sinuous curves, bends, loops, turns, or windings in
the course of a stream.

Morphology - Of or pertaining to shape.

NAIP — National Agriculture Imagery Program: A United States Department of Agriculture program that
acquires aerial imagery during the agricultural growing seasons in the continental U.S.

Periphyton - Aquatic organisms, such as certain algae, that live attached to rocks or other surfaces.
Planform - The configuration of a river channel system as viewed from above.

Prograding - The advancing or growth of a bar deposit.

Reach - Divisions within the larger geomorphic regions of the study area to facilitate the cumulative
effects analysis. Reaches were delineated based on river form/pattern and the level of confinement and
are shorter than 20 miles in length.

Return Interval- The likely time interval between floods of a given magnitude.

Riparian: Relating to or inhabiting the banks of a natural course of water. Riparian zones are ecologically

diverse and contribute to the health of other aquatic ecosystems by filtering out pollutants and preventing
erosion.
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Riprap — Rocks placed to stabilize banks and provide other types of protection, such as from erosion.

River Corridor — The area of focus for this cumulative effects analysis comprising the mainstem
Yellowstone River from Gardiner to the confluence with the Missouri River and the associated floodplain
and surrounding area within the twelve counties that the river flows through.

Seral-stage - Of or pertaining to plant succession and its relation to disturbance mechanisms such as
floods or fires over time. A particular plant community type or dominant species may represent a seral-
stage along a temporal scale.

Segment — Study zones for the socioeconomic analyses conducted for this study, delineated based upon
similar economic characteristics. The segments are not delineated in the same location as the study
reaches.

Sinuosity - The measurement of a channel’s relative straightness or curving configuration. It is the ratio
of channel length to downward valley length; for example, a value of one 1.0 is a straight channel pattern,
whereas a sinuosity of 1.5 is considered meandering.

Sparrow — The USGS SPARROW (Spatially Referenced Regression on Watershed Attributes) surface
water quality model is used to estimate nitrogen and phosphorous yields and quantify the importance of
various nutrient sources. The model uses calibrated models to predict long-term average loads,
concentrations, yields, and source contributions for all stream reaches (monitored and unmonitored)
within the modeled watersheds.

Stream competency - The ability of a stream to mobilize its sediment load; refers to the maximum size of
particles of a given specific gravity; which, at a given velocity, the stream will move.

Stream power - The rate of energy dissipation against the bed and banks of a stream per unit
downstream length. It describes the potential for flowing water to perform geomorphic work, and is
expressed as the product of water density, acceleration due to gravity, discharge, and channel slope.

Terrace - A step-like surface, bordering a valley floor or shoreline that represents the former position of a
floodplain, or lake or sea shore. Practically, terraces are considered to be generally flat alluvial areas
above the 100 year flood stage.

Wetland — Areas that possess unique types of vegetation and soils resulting from their frequent
inundation or saturation by water.

Palustrine Wetlands — Wetlands not directly associated by surface or groundwater flow with a river, lake,
estuary, or ocean.

Riverine Wetlands — Wetlands directly associated by surface or groundwater flow with a river or stream.

Watershed — An area of land where all of the groundwater and surface water drain down to the same
outlet. Watersheds are typically separated by high ground such as ridges or mountain ranges.

Water Withdrawals — Direct withdrawal or diversion of surface or groundwater that may be used
consumptively or may be returned to the river or groundwater near the point of diversion or downstream.
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Wetland Vegetation Types — Different plant communities occur in wetlands depending on the depth and
duration that water is present. Emergent wetlands are dominated by grasses and other non-woody plants;
scrub or shrub wetlands are dominated by woody shrubs or saplings such as willows; forested wetlands
are dominated by trees such as cottonwoods.
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EXECUTIVE SUMMARY

This report presents the results of the Cumulative Effects Analysis (CEA) conducted for the Yellowstone
River Corridor Study. The corridor study was led jointly by the Yellowstone River Conservation District
Council and the U.S. Army Corps of Engineers, with participation from multiple federal, state and local
agencies as well as several non-profit organizations and private businesses. It has been undertaken as a
result of public attention and concerns about the combined effects of damaging flood events (1996 and
1997) and increased development pressures along the Yellowstone River Corridor. The study focuses on
the 12 counties along the mainstem river corridor from Yellowstone National Park to the confluence with
the Missouri River in North Dakota (see Figure ES-1).

“Cumulative effects” refers to the sum of incremental effects from a variety of human activities that
collectively alter an ecosystem. While the effects from a single activity may be small, a combination of
similar activities and their associated effects can significantly degrade natural resources, particularly over
a period of time. On the Yellowstone River, the cumulative result of 150 years of settlement and economic
expansion has changed many aspects of the river and its floodplain.

The cumulative hydraulic, biological, and socioeconomic impacts of human activity on the Yellowstone
River have been evaluated using data collected during the course of this study as well as from other
sources. The analysis includes an interdisciplinary scientific characterization of relationships between
human activities and the resulting river system response. This cause and effect analysis has been
completed for a series of individual river elements and is based on current knowledge regarding human
influences and river response trends. The analysis provides a basis for recommended management
practices that are intended to reverse or slow further degradation of the river's ecosystem while
supporting traditional land uses and economic livelihoods. The set of Yellowstone River Recommended
Practices (YRRPs) have been developed to help residents along the river corridor maintain both the
economy of the region and the long-term biological and physical integrity of the Yellowstone River.
Citations and academic references are provided within the CEA chapters.

Background

The Yellowstone River watershed consists of about 71,000 square miles of land in Wyoming, Montana,
and North Dakota (Figure ES-1). The watershed is strikingly asymmetric, with the vast majority of the
watershed area on the south side of the Yellowstone River. Its main tributaries, all of which enter the river
from the south, include the Boulder, Stillwater, Clarks Fork Yellowstone, Bighorn, Powder, and Tongue
Rivers. The subwatersheds of the Yellowstone basin range from the volcanic plateau of Yellowstone
National Park to the granitic Wind River Range of west-central Wyoming and badlands areas of eastern
Montana and Wyoming. The watershed fully encompasses several major mountain ranges such as the
Absaroka Range, Beartooth Mountains, Bighorn Mountains, and Pryor Mountains.

As a national resource, the Yellowstone River itself is without parallel. The river originates in the nation’s
first national park, and it is commonly referred to as the longest free-flowing river in the lower 48 United
States, as there are no major dams or reservoirs on the mainstem. It is nestled within the largest relatively
intact temperate zone ecosystem on the planet, the Greater Yellowstone.
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Between Gardiner, Montana and the Yellowstone River/Missouri River confluence in North Dakota, the
physiography of the Yellowstone River and its tributaries transitions from steep, confined mountainous
areas to plains conditions. This physiographic transition correlates to a shift in the natural hydrology of the
system as it changes from a predominantly snowmelt-driven hydrology in the upper reaches to a
combined mountain snowmelt/prairie runoff hydrology further downstream. The river also transitions from
a coldwater salmonid-dominated fishery in the upper reaches to a warmwater fishery in the lower
reaches. The watershed supports over 200 plant and animal species of conservation concern.

The Yellowstone River Corridor is culturally and historically significant, having a long history of Native
American occupation followed by distinct periods of fur trapping, steamboat navigation, railroad
development, and agricultural expansion. The Crow tribe originally called the river lkchiilkaashaashe, or
“Elk River”. Later, French fur trappers named the river La Roche Jaune, or “Yellow Rock”. The name
“Yellowstone River” stems from the Minnataree Indians (a branch of the Siouan Hidatsas), who called the
river Mi tse a-da-zi, or Yellow Rock River. In 1805, when the Lewis and Clark expedition came into
contact with the Minnataree, they adopted the name Yellowstone River. Historians differ on the
geographic source of the term “yellow stone”, but based on the range of the Minnataree, it is generally
accepted that the name stems from the sandstone cliffs that closely follow much of the lower river rather
than the yellow thermally-altered rock formations in what is now Yellowstone National Park.

While the Yellowstone River remains geomorphically and biologically diverse, cumulative human
influences over the past 150 years have resulted in a less dynamic and less complex river relative to
historic conditions. The nature and magnitude of the river's responses to human influences vary
substantially by location. In the upper river, bank armoring is a prominent driver of change, whereas the
lower river is most significantly impacted by shifts in flow patterns primarily caused by tributary reservoirs.
Physical constraints imposed by levees, dikes, roads, and railroads extend throughout the system. The
influences of urban/exurban development are localized within the few major communities along the river.
Other impacts such as climatic trends may also be altering the entirety of the river system, although these
impacts and responses are difficult to assess.

Study Area

The primary study area extends along the mainstem of the Yellowstone River from Gardiner, Montana, at
the northern boundary of Yellowstone National Park, to its confluence with the Missouri River in McKenzie
County, North Dakota, a distance of 565 river miles (as measured in 2001). The analysis focuses on the
river and its approximately 200,000 acre floodplain. The study area is almost entirely within the state of
Montana, with the lowermost 15 miles in western North Dakota. Although the study focuses on the river
and its floodplain, several of the analyses such as hydrology and water quality extend across the entire
watershed due to their collective influence on the mainstem.

Although the primary Yellowstone River study area extends from Gardiner, Montana to the mouth, there
are several data gaps in Park County. Cumulative effects in Park County, which is located in the
upstream-most portion of the river corridor, were addressed in previous work by the Governor’s Task
Force between 1997 and 2003 in response to flood events in 1996 and 1997. As a result, data collected
for this CEA were not necessarily collected for that area. Some datasets that were available from the
Governor’s Task Force effort were used in this analysis, including physical features mapping and digitized
banklines. Other Park County datasets collected as part of this effort include hydrologic analyses, land
use mapping, channel migration rate measurements, and Channel Migration Zone mapping. The datasets
that are most notably missing are hydraulic analyses of floodplain connectivity, floodplain turnover rate
measurements and riparian mapping.
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The general starting point for the Cumulative Effects Analysis is 1950. Most of the analysis of change
through time begins at that point, which marks the earliest comprehensive set of aerial imagery for the
river corridor. Where possible, changes that occurred in the river system prior to 1950 are discussed and
guantified.

Primary Yellowstone River System Human Influenced Changes

The following section summarizes the primary human influences and changes that have been evaluated
and integrated to assess cumulative effects. These include hydrologic changes, geomorphic changes,
shifts in riparian conditions, and additional human influences on water quality, wildlife habitat (avian),
invasive species, and fisheries.

Altered Hydrology

The alteration of the natural hydrology of the Yellowstone River system has had a large effect on the
Yellowstone River and its floodplain. Most notably, reservoirs in the Bighorn River watershed, a major
tributary watershed to the Yellowstone River, have exerted a major influence on the hydrology of the
lower Yellowstone. Additionally, irrigation-related water use on the Yellowstone River mainstem and other
tributaries (primarily the Clarks Fork) has also contributed to changes in flows on the river. The primary
findings from the analysis of Yellowstone River hydrology indicates the following:

Gardiner to the mouth of the Clarks Fork River: Primary hydrologic changes are related to irrigation,
which shows an increasing influence of irrigation withdrawals in the downstream direction. At Gardiner,
very little influence is observed, although some research indicates that climatic shifts have resulted in a
25 percent reduction in mean August flows since 1950, and that this reduction is demonstrably linked to
climatic variables. At Livingston, the effects of irrigation on the overall flow regime are imperceptible, but
by the mouth of the Clarks Fork, the results indicate an approximate 23 percent reduction in the summer
low flows (the 7Q10, which is the lowest 7-day flow expected to occur every 10 years during summer
months). This may in part relate to the climatic shifts described above. The 2-year flood, which has a
strong influence on channel development, has dropped by 1,600 cfs or 5 percent with human
development by the Clarks Fork. Larger floods are minimally affected.

Mouth of Clarks Fork River (Laurel) to the mouth of the Bighorn River (Bighorn): From the Clarks
Fork to the Bighorn River confluence (Laurel to Bighorn), the influences of irrigation on Yellowstone River
hydrology become more pronounced, indicating a measureable effect from irrigation in the Clarks Fork
basin. Just below the mouth of the Clarks Fork River, the changes in flow statistics due to human
influences include a 3,900 cfs or 7 percent drop in the 5-year flood flow, and a 4,200 cfs or 10 percent
drop in the 2-year flood flow. At the Billings gage, summer baseflows are estimated to have dropped by
1,620 cfs or about 40 percent.

Mouth of Bighorn River to Missouri River confluence: The most pronounced hydrologic changes on
the Yellowstone River have occurred below the mouth of the Bighorn River. The Bighorn Basin has seen
major changes in water delivery to the Yellowstone River due primarily to the impacts of multiple
reservoirs. The largest, most-downstream impact on the Bighorn River is Yellowtail Dam and Bighorn
Reservoir, located about 96 valley miles upstream of the Yellowstone River confluence at Bighorn.

Immediately below the mouth of the Bighorn River, the 100-year flood magnitude on the Yellowstone
River has dropped by 19,100 cfs or 16 percent. The 10-year flood has been reduced by 16,200 cfs or 19
percent, and the 2-year flood has dropped by 13,700 cfs or 23 percent. Downstream, these major
reductions in flood magnitudes have reduced the lateral extent of flooding, frequency and duration of side
channel inundation, and overall channel size.
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Water management in the Bighorn River Basin has also contributed to the reduction in summer flows on
the Yellowstone. At the Forsyth gage, for example, about half of the reduction in mean August flows can
be attributed to Bighorn River flow alterations; the rest is attributable largely to irrigation.

Flow alterations on the Bighorn River have also affected fall and winter flows on the Yellowstone. Fall and
winter low flows have increased by about 60 percent mainly due to flow release patterns at Yellowtail
Dam.

Bank Armoring

Bank armoring is a common practice on the Yellowstone River because bank erosion rates locally exceed
tens of feet per year, threatening valuable lands and infrastructure. As bank armoring has a cumulative
impact on river process, it is a major component of the cumulative effects analysis. As of 2011, there were
approximately 136 miles of bank armor on the Yellowstone River below Gardiner, including rock riprap,
flow deflectors, concrete riprap, car bodies, and minor extents of other techniques such as gabions and
steel retaining walls. Rock riprap constitutes about 75 percent of the total armor.

When summarized by county, mapped physical features data indicate that Yellowstone and Park
Counties host the greatest extent of bank armor on the Yellowstone River; collectively these two counties
contain almost one half of all of the mapped bank protection. When normalized to channel length,
however, the density of armor in these two counties is only moderately higher than other counties in the
upper river. The most intensive bank armoring is over the 320 river miles between the Paradise Valley
(upstream of Livingston) and Miles City. Over this river length, there are about 120 miles of armored bank,
which amounts to 18 percent of the river bank being armored. Below Miles City, about 4 percent of the
total bankline is armored.

The main land uses that are protected by bank armor are agriculture and the active rail line, which
collectively account for 73 percent of the total armor. The third most common use of bank armor is in
urban/exurban areas. In river reaches that include Livingston, Columbus, and Billings, for example, about
30 percent of the total river bankline is armored, and locally, armoring density can be much higher.

Between 2001 and 2011, about 13 miles of armor were constructed on the river, reflecting a 10 percent
expansion of total armor length during that decade. The most rapid rate of armor expansion occurred
between the Paradise Valley and Billings. In contrast to new armor being constructed during that time,
existing bank armor failed in numerous places. At least four miles of bank protection failed during that
decade, and much of that failure reportedly occurred during the 2011 flood. Failure typically consisted of
armor flanking and accelerated erosion behind the flanked armor, such that the armor remnants are often
left sitting out in the river. Almost all of the failed armor were flow deflectors and concrete rubble around
Billings and downstream from Forsyth.

Floodplain Isolation

Floodplains are those areas adjacent to rivers that are prone to periodic flooding. Floodplains can be
considered in terms of their typical expected probability and magnitude of flooding in any given year. For
example, the 100-year floodplain, which has a 1% chance of being flooded in any given year, has a much
higher flow and the associated floodplain is much larger than a 5-year floodplain, which has a 20%
chance of being inundated in any given year. One aspect of the CEA is the evaluation of the loss of
connectivity between the Yellowstone River and its historic floodplain. The 100-year floodplain, although
rarely flooded, provides important functions with regard to flood storage and soils development, and the
5-year floodplain, reflects near channel areas that support more typical riparian habitats such as
cottonwood forest. The isolation of each of these respective floodplain areas has been quantified for the
CEA. Floodplain isolation was determined via modeling of undeveloped flow conditions on an
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undeveloped floodplain, and comparing those results to the modern, developed flow condition and
developed floodplain.

Results of the CEA indicate that between the Park/Sweet Grass County line (Springdale) and the mouth
of the Yellowstone River, over 21,000 acres of the historic 100-year floodplain has become isolated due
to physical encroachments, land grading, and hydrologic alterations. The primary cause of floodplain
isolation is the reduction in peak flows described above. Reductions in the 100-year flood magnitude
below the mouth of the Bighorn River have resulted in the isolation of over 8,000 acres of the 100-year
floodplain. The other primary causes are agricultural infrastructure and the active railroad line, which have
isolated 3,720 and 3,526 acres, respectively.

The individual causes of floodplain isolation are generally concentrated in certain portions of the river
corridor. For example, transportation-related isolation is almost entirely occurring in the vicinity of Billings.
Agricultural-related isolation is most common near Hysham and upstream of Miles City. Loss of floodplain
due to the reduction in high flows is most pronounced where the river floodplain is especially broad,
including the Mission and Hammond Valleys between Hysham and Forsyth and from Sidney to the
Missouri River confluence. Urban levees contribute to minor additional isolation of the floodplain, primarily
at Forsyth, Miles City, and Glendive.

The changes in flow conditions and construction of floodplain features have also resulted in the isolation
of more frequently inundated, geomorphically important floodplain areas. In total, almost 30,000 acres or
23 percent of the historic 5-year floodplain area has become isolated on the Yellowstone River below
Springdale. The majority of floodplain isolation is due to flow alterations on the Bighorn River. Whereas
about 9 percent of the 5-year floodplain upstream of the Bighorn River confluence is isolated, almost 30
percent is isolated below the confluence. Mapped inundation for the 2-year floodplain shows similar
results, and the consequences include both less floodplain coverage and reduced flows in side channels.

Although modeling results were not available for Park County, long extents of floodplain dikes and levees
indicate that floodplain isolation has been extensive in that area as well, which includes the Paradise
Valley and the city of Livingston.

Side Channel Isolation

Side channels on the Yellowstone are fairly ubiquitous, forming long channels around forested islands
that can be several miles long. These channels flow year-round, and are very diverse in terms of their
size, length, and proximity to the main river channel. Side channels on the Yellowstone River have been
recognized as important fish habitat throughout the river system, such that the intentional diking and
isolation of these channels may have a significant impact on river ecology.

Results of the CEA indicate that in 1950, there were 508 miles of active side channels on the Yellowstone
River. By 2001, that length had been reduced to about 463 miles, reflecting a net loss of approximately 45
miles during those 51 years. Although side channel lengths naturally fluctuate with time, physical features
mapping indicates that from 1950 to 2001, about 47 miles of side channels were blocked by constructed
dikes. Further analysis showed that prior to 1950, another 42 miles had already been blocked. This
indicates a total loss of about 89 miles of side channels due to intentional blockages, most of which are
very small features built to improve access to agricultural ground.

Development in the Channel Migration Zone

The Channel Migration Zone (CMZ) is the river corridor footprint that, based on historic rates of channel
movement, would accommodate 100-years of natural channel migration. Development within the CMZ is
therefore a likely driver of channel and floodplain manipulation. The entire CMZ footprint on the
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Yellowstone River is about 64,000 acres. About 24,000 acres or 38 percent of that area has been
developed for either urban/exurban, transportation or irrigated agricultural land uses. The majority of the
development within the CMZ has been to support irrigation, with approximately 20,400 acres or 32
percent of the CMZ in an irrigated land use category.

Riparian Conversions

Cottonwood forests are a dominant characteristic of the Yellowstone River corridor. Riparian
environments along the river include these forests as well as riparian shrubs and non-woody riparian
environments such as grassy meadows. These areas are a key component of all terrestrial habitat in the
river environment, and the alteration of these habitats is a fundamental component of the CEA.

The extent, successional stage, and locations of riparian vegetation in the Yellowstone River corridor
have changed from 1950 to 2011. It is important to note that the 1950 baseline does not represent
pristine conditions. Historic accounts indicate that much of the extensive cottonwood forest reported by
early day explorers along the Yellowstone River no longer exists, having been harvested or cleared and
converted to other land uses prior to 1950.

Although the total corridor-wide extent of riparian vegetation has remained relatively consistent since
1950, there have been substantial local shifts in the patterns and extents of that vegetation. Over 6,800
acres of woody riparian vegetation that was present in the 1050s was converted to another land use by
2001. Most of this conversion was to irrigated agriculture. Riparian clearing in cities and towns accounts
for over 1,100 acres of riparian conversion, and the Billings area accounts for 54 percent of that total
change.

Below the mouth of the Bighorn River, the loss in riparian cover between 1950 and 2011 (6,858 acres)
was offset by the encroachment of riparian vegetation into abandoned or blocked side channels.

Floodplain isolation has resulted in the separation of about 20,000 acres of riparian vegetation from active
flooding during a 100-year event, and about 20 percent of that acreage is cottonwood forest. Most
floodplain isolation is related to agricultural land uses (56 percent of total) or to railroad embankments (33
percent of total).

Wetlands

Riverine wetlands are those wetland areas directly associated with a river channel (in the river
environment and flooded permanently to semi-permanently), whereas palustrine wetlands include both
natural and created marshes, swamps, ponds, and bogs. There is no comprehensive historic wetland
mapping for the corridor, so quantifying amounts of wetland area change for the study is not possible.
However, wetlands have been mapped under the National Wetland Inventory (NWI) program, and their
results have been summarized for the area. NWI mapped wetlands total about 15,000 acres in the
corridor, with the highest wetland densities in the upper portions of the river, above Laurel (up to 140
acres per valley mile). The vast majority of wetlands are palustrine emergent wetlands, with only about 10
percent of the mapped wetlands being classified as riverine. One study that evaluated historic trends in
two reaches on the Yellowstone estimated that between 1950 and 2001, there was an average loss of 8
percent of total wetland area. It was noted that the construction of artificial freshwater ponds over the last
60 years masks the actual extent of wetland losses.

Invasive Plant Species

Invasive plant species have been introduced to the river corridor both deliberately (pasture grasses and
ornamental shrubs) and unintentionally via birds and wildlife or seed drift from other areas. Of most
concern for the Yellowstone River corridor are Russian olive and saltcedar. Both Russian olive and
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saltcedar have substantial effects on native riparian plant communities and can cause geomorphic
changes to the river through their dense growth on banks, bars, and islands.

Russian olive occupies about 4,600 acres of the 100-year floodplain. Its mapped extent expands in a
downstream direction, with an abrupt increase near the mouth of the Clarks Fork River. Russian olive
infestations appear to be especially aggressive in abandoned channels and on islands. About half of the
total mapped Russian olive in the Yellowstone River corridor is located between the mouths of the
Bighorn and Powder Rivers, where the broad floodplain and extensive abandoned channels provide ideal
sites for invasive species. In this region, over 10 percent of the 1950s island areas and river channel has
become colonized by Russian olive. No basin-wide systemic mapping has been completed for saltcedar,
however it is recognized as a major concern, equal to or exceeding that of Russian olive.

Other invasive plant species listed as noxious weeds by the State of Montana occur in the study area,
including spotted knapweed, Russian knapweed, leafy spurge, hounds tongue, and Canada thistle. These
species are rapidly degrading native riparian communities and infesting riparian pastures. Common
buckthorn is an example of a new invasive that is causing concern, but is not listed as noxious at this
time.

Water Quality

The water quality parameters described in this report include hydrogen ion concentrations, dissolved
oxygen, total dissolved solids, nutrients, trace elements, pesticides, hydrocarbons, water temperature,
and suspended sediment. Biological data are discussed with respect to benthic algae, filamentous algae,
macroinvertebrates and fish. Results indicate that the Yellowstone River is generally considered alkaline
with a pH ranging from 7.4 to 8.6, and pH values generally increase in a downstream direction. Dissolved
Oxygen (DO), which is a measure of how much oxygen gas is dissolved in water, is typically measured at
concentrations of around 8 to 10 mg/l. There have been several instances of low DO below Billings, which
may relate to moderate levels of eutrophication.

Tributaries are a major source of the Yellowstone River nutrient load, although total nitrogen and
phosphorous values during the growing season are generally within the numeric standards proposed by
the Montana Department of Environmental Quality (MDEQ). Even so, nutrient enrichment has been
identified on the river, and nuisance growth of filamentous algae occurs in segments of the Bighorn and
Clarks Fork rivers.

Results of nutrient delivery modeling indicate that the estimated delivered aggregated yield of total
nitrogen to the Gulf of Mexico from the Yellowstone River is about 12 kg/ km?/yr compared to other
Mississippi River tributaries that contribute up to an estimated 1,318 kg/ km?/yr. The model predicts that
the largest source of total nitrogen delivered aggregated yield in the Yellowstone River basin is the
Shoshone River basin in Wyoming followed by the Upper Yellowstone area. Farm fertilizers constitute an
estimated 41 percent of the delivered nitrogen.

Water temperature data is very limited on the Yellowstone River, however during several warm summers,
low flow conditions prompted fishing restrictions in the upper Yellowstone River due to elevated water
temperatures. There have also been anecdotal reports of water temperature-related fish kills and
movements of warmwater species further upstream.

Measurements of benthic algae in 2000 indicated the highest algal biomass occurs in the middle
segments of the Yellowstone River near Billings and Forsyth. Values were also high in the Clarks Fork
and Bighorn River. Filamentous algae showed a similar pattern.
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Physical and Biological River System Responses to Human Influences

One of the objectives of the CEA is to identify cause and effect relationships associated with human
influences in the Yellowstone River Corridor. . The evaluation of cumulative effects on a natural system is
challenging due to the inherent complexity of interrelated cause and effect relationships. Because of the
vast project area and the myriad of activities on the river, only those influences that have been identified
as having a major effect have been evaluated in detail. These influences include hydrologic changes,
land use changes, and construction of physical features on streambanks and in floodplain areas. The
physical and biological responses to these influences include channel adjustments to altered flows,
altered rates of channel movement due to bank armor, isolated side channel habitat, isolated floodplain
area, and direct habitat alterations due to land development in the river corridor. Each of these responses
then has secondary responses that can be considered in terms of water quality, avian habitat, fisheries
habitat, and a range of other components of the river system. The following sections describe the physical
and biological responses of the river system to the major human activities described above.

Physical Responses to Human Influences

The overall form and rates of change on the Yellowstone River have been affected by many of the human
influences described above. The effects can be seen in channel dimensions, channel migration rates,
floodplain turnover rates, rates of sediment and wood inputs to the river, and the extent and nature of
gravel bars.

The most prominent geomorphic response to flow alterations on the Bighorn River is the reduction in the
size of the river downstream of the mouth of the Bighorn. From there to the confluence with the Missouri
River, the bankfull channel area of the Yellowstone dropped by over 4,000 acres between 1950 and
2001, which is a reduction of 11 percent. Reduced channel-forming flows (those flows most responsible
for determining channel dimensions) as well as the loss of side channels due to blockages have likely
contributed to this reduction in overall channel size. The reduction in size of the active channel footprint
has provided conditions for riparian vegetation encroachment at the expense of in-channel habitat.

Flow and sediment supply alterations on the Bighorn River have resulted in major shifts in gravel bar
features on the lower Yellowstone River. Since 1950, the total extent of mid-channel bars has dropped by
about 1,100 acres or 43 percent. This has been accompanied by a loss of about 40.2 miles of secondary
channels (channels that flow around open gravel bars at low flow). Most of the loss in secondary channel
length occurred between Hysham and Forsyth and below Glendive. There has been a net gain of bank-
attached bars, indicating a conversion of gravel bars in the middle of the river to gravel bars that are
adjacent to the riverbank at low flow.

The combined effects of flow alterations and bank armor have resulted in a reduction in floodplain
turnover rates on the river. Turnover rates reflect the average annual exchange between the river and
floodplain within a given channel segment. This exchange (erosion and deposition) is a critical aspect of
riparian habitat formation and succession. Since the mid-1970s, between the Park/Sweet Grass county
line and the Missouri River confluence (Park County data were not available), the mean annual rate of
total floodplain erosion dropped from 435 acres per year to 331 acres per year, which is a reduction of 27
percent. Mean annual channel migration rates have dropped by over 20 percent in most reaches. One
consequence of lower floodplain turnover rates is reduced recruitment of large woody debris; the post-
1976 data show a reduction in the recruitment of closed timber area (area with over 25% overhead
canopy) by about 50 acres per year.

Land use changes on streambanks have also affected channel migration rates and floodplain turnover.
Over a 25-year period, the river eroded into hay land and irrigated cropland an average of 40 to 50 feet

31
Executive Summary



Yellowstone River Cumulative Effects Assessment December 2015

further than through multiple-use ground which includes riparian forest. Every region shows this
fundamental trend of increased rates of migration through hay/pasture land and ground irrigated by
sprinkler or flood.

Flooding has also affected the geomorphology of the river. For example, upstream of the Bighorn River
confluence, the river has largely maintained its overall size since 1950, with the exception of an abrupt
expansion between 1995 and 2001 (likely a response to the 1996 and 1997 floods). Between the
Park/Sweet Grass County line and the mouth of the Clarks Fork River near Laurel, the bankfull channel
area increased by almost 1,700 acres or 10 percent between 1995 and 2001 suggesting an influence of
major upper river flooding in 1996 and 1997 on channel size.

Riparian Responses to Human Influences

Downstream of the Bighorn River confluence, the reduction in peak flows has caused the active channel
footprint of the Yellowstone River to shrink, and this change has been accompanied by the expansion of
riparian vegetation into the old channel areas. This has resulted in a net increase of riparian vegetation in
the active channel area on the lower river. This riparian expansion has been balanced by losses due to
floodplain clearing, resulting in no net change in overall riparian extent.

The observed riparian expansion in response to altered flows essentially reflects a singular response to
those flow alterations rather than any long-term trend. Below the Powder River confluence, individual
reaches gained an average of about 30 acres of forest since 1950. Most of that can be attributed to gains
in closed timber cottonwood forest, with substantial losses of shrub coverage. This indicates that the
forest extent has increased in the short-term, providing more extensive, later successional cottonwood
forest habitat since 1950 due to the maturation of younger age stands. However, the loss of shrub and
young cottonwood acreage indicates a decline in regeneration that could result in a long-term loss of
forest within these reaches that have historically provided the greatest extent of cottonwood forest habitat
in the corridor. In general, below the mouth of the Bighorn River, there has been a transition to older age
classes of cottonwoods, accompanied by a loss in acreage of younger forest. This transition was also
seen in Park County upstream of Springdale.

Riparian turnover rates are an important indicator of riparian succession and long-term health. The
geomorphic analysis indicates that rates of floodplain turnover in the river corridor have been reduced
due to bank armor and flow alterations. Bank armor, by stopping channel movement, reduces the rates of
point bar growth, which in turn reduces area for riparian colonization. Armor also isolates existing riparian
areas from active erosion and potential recruitment into the river. As part of the Channel Migration Zone
(CMZ) mapping, areas that would normally be in the active migration zone of the river but have become
isolated due to bank armoring or dikes were mapped as Restricted Migration Areas. An analysis of the
cover types in these areas indicates that about 11,200 acres or 7 percent of the riparian area has been
isolated from the active river corridor due to physical features. Most of the isolation (>70 percent) is due to
rock riprap and flow deflectors, with lesser amounts due to dikes and road/railroad prisms.

Russian olive has colonized near-channel areas, abandoned side channels, ditches, canals, surface
drains, abandoned agricultural fields, and general riparian areas. There are some implications that
Russian olive and saltcedar can cause channel narrowing and further restrict channel migration, however
it is unclear how active these processes are on the Yellowstone River.

Avian Response to Human Influences

Many avian species observed along the Yellowstone River are dependent upon large expanses of
cottonwood forest. The reaches with the most extensive forest habitat occur largely in the lower river
below the mouth of the Bighorn River. Many of these reaches gained forest acreage since 1950, but also
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experienced a loss in shrub acreage (young forest) during that time period (there was a 41 percent
decline below the Powder River), suggesting reduced regeneration of cottonwood forest, and a potential
future long-term loss of forest habitat.

Many avian species observed along the Yellowstone River are dependent upon riparian grassland. Since
1950, more acres of herbaceous land (approximately 10,000 acres within the floodplain) have been
converted to higher intensity agriculture than any other riparian habitat type.

Residential and agricultural development provides foraging habitat for Brown-headed Cowhbirds, which lay
their eggs in the nests of other bird species, causing negative impacts to bird populations in riparian forest
habitats. In 80 percent of the study area reaches, more than one half of the existing cottonwood forest is
potentially affected by cowbird parasitism. Most of the cottonwood habitat with low risk of parasitism in
2001 was located below the Bighorn River confluence, where many bird species that are negatively
impacted by cowbirds also occur. Consequently, this area of the river may currently provide important
habitat for these species, particularly those of conservation concern, such as Ovenbirds and Black-and-
white Warblers.

The loss of mid-channel bars and secondary channels surrounding bars in Regions C and D represent a
decline in the extent of prime nesting and foraging habitat for federally endangered Least Terns.

Fisheries Response to Human Influences

The consequences of physical impacts as well as geomorphic and riparian responses on the Yellowstone
River have the potential to greatly influence the diverse fish communities in the system. However, the
data available for the fisheries study reflect current conditions rather than historic trends. As a result, in a
fashion similar to the avian study, the consequences of human influences on the fishery must be inferred
from a combined understanding of existing conditions, habitat requirements, and habitat preferences for
various fish species.

Results of the CEA indicate that reduced discharge from the Bighorn River and other tributaries has likely
altered the ecological suitability of native fish habitat in these tributaries as well as in the mainstem
Yellowstone River. Altered hydrology has a number of potential effects on the fish community. For
example, floodplain areas are important for the river’'s food web and as habitat for fish, and isolation of
those areas can therefore affect the fishery. Reduced side channel availability reduces important fish,
amphibian, and reptile habitats. Altered flow patterns can disrupt cues for fish movements and
reproduction. Diminished channel migration rates reduce Large Woody Debris (LWD) recruitment, which
hinders the creation and maintenance of diverse in-channel habitats. Less bank erosion also reduces
sediment delivery from the banks which may provide important habitat forming materials. The reduction in
summer low flows may increase temperature, as well as the rates of predation, competition and disease
transmission. Increased water temperatures may influence fish distributions. Increased fall and winter
discharges may increase fish energy needs during the cold low-metabolism season, alter ice dynamics
and jamming, and reduce the influence of the low-elevation snowmelt pulse as a fish movement or
spawning cue. Reduced hydrograph rise and fall rates may disrupt or weaken hydrologic spawning cues.

Bank stabilization affects fish communities by increasing floodplain isolation, altering main channel
habitats, and reducing the availability of diverse lateral habitats such as side channels and backwaters.
Altered land use and conversion of floodplain areas to other uses such as irrigated agriculture, urban and
exurban areas may increase pollution, alter urban stream hydrology, and reduce recruitment of LWD,
which in turn may affect the fish community. Altered riparian vegetation and wetlands affect many natural
functions of the river that are important to fish such as dissipating flood energy, trapping sediments,
filtering nutrients and other pollutants, providing fish habitat, and contributing to the biological productivity
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of the aquatic ecosystem. Altered water quality on the Yellowstone River is generally moderate and the
potential effects on the fish community are unknown. However, catastrophic events such as oil pipeline
ruptures and associated oil spills have the potential for stronger impacts on the fish community.

Altered longitudinal connectivity on the Yellowstone River is caused by mainstem diversion dams.
Although the degree of fragmentation of fish populations caused by these dams is not fully understood for
all dams and fish species, these dams potentially affect the distribution of some fish species and reduce
the viability of some fish populations. Six large irrigation diversion dams (Huntley, Waco-Custer,
Rancher’s Ditch, Yellowstone Ditch, Cartersville and Intake) have impacted fish passage and habitat
connectivity along the mainstem Yellowstone River. Intake Diversion, which is the downstream-most
structure on the river, is a major passage barrier that is currently the focus of efforts to provide passage
for a range of fish species. The structure currently blocks passage by Pallid Sturgeon, Shovelnose
Sturgeon, and Paddlefish under most flow conditions. Cartersville Diversion Dam appears to be a
complete barrier to passage for Shovelnose Sturgeon.

Altered mainstem to tributary connectivity due to diversions, culverts, and other barriers affects the fish
community because many fish species use both habitats at some point in their life histories. In addition to
creating fish passage barriers, irrigation withdrawals result in the entrainment of fish into ditches and
canals. Although fish screens have been constructed at Intake Dam and at the T&Y dam on the Tongue
River, entrainment is anticipated to remain a considerable cause of fish mortality on the river.

Although introduced species are present, overall the Yellowstone River remains a stronghold of native
fish diversity, with the highest number of native fish in Montana. There are 59 fish species total, of which
22 species (37 percent) are nonnative. In terms of abundance, however, most nonnative fish are rare.
Exceptions are in the coldwater or salmonid zone of the river where introduced Rainbow and Brown Trout
dominate the fishery, and have contributed to the decline of the native Yellowstone Cutthroat Trout.
Although most introduced fish species are relatively rare in the middle and lower river, the effect of
introduced predators such as Smallmouth Bass, Walleye, and Northern Pike has not been studied.
American Bullfrogs are established in the river floodplain near Billings and have the potential to cause
declines in native amphibians and reptiles. There is some concern that the altered hydrologic conditions
on the Yellowstone River may favor these introduced species. Recreational fishing is an important cultural
and economic activity on the Yellowstone River. Sport fish populations are monitored and managed for
sustainability by Montana Fish, Wildlife & Parks.

Cumulative Effects by Region

When considering the cumulative effect of human influences on a large river system, it is critical to
recognize that the ecological responses of the river to a range of physical drivers can overlap, and
complex relationships can develop that intersect the socioeconomic, physical, and biological components
of the system. As a result, it is challenging to assign singular cause and effect relationships to many of
the physical and biological changes that have been documented on the Yellowstone River. The following
section is a general discussion of the changes that have been documented in each region, with some
consideration of cause and effect. A more detailed consideration of both quantified and inferred cause
and effect relationships is described in Chapter 7 of this report.

The cumulative effects summary is presented in the following pages by region (Figure ES-2). The
regional breaks are generally located at major tributaries; there are breaks at the Clarks Fork River
(Region A/B boundary), Bighorn River (Regions B/C boundary) and Powder River (C/D boundary).
Region PC in the upper basin was added to the study later, and its break with Region A occurs at the
Park/Sweet Grass county line. The breaks between regions either fall on, or approximate county
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boundaries. Regions have been further subdivided into reaches, which are discussed in more detail
throughout the report.
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Region PC: Park County

Region PC includes the entirety of Park County at the upper end of the study area, and includes 85 miles
of the Yellowstone River. The population of Park County increased from about 12,000 people in 1950 to
15,636 people in 2011. The largest community in Park County is Livingston, which served as the Northern
Pacific Railroad’s repair and maintenance depot, at one point employing over 1,100 residents. The
railroad has since declined as a major industry in town. More recently, recreation and tourism have begun
to strongly influence the local economy. In 2011, four out of the top 10 industries in the county were
related to recreation and tourism.

The cumulative effects observed in Park County relate primarily to land use changes both before and
after the study baseline of 1950. Prior to 1950, the river corridor had been developed primarily for
agricultural land uses and urban/exurban development in the vicinity of Livingston. Since then, historically
rural areas of Park County have experienced substantial conversion from agricultural lands to
urban/exurban land, much of which is rural residential development.

There has been substantial development within the Yellowstone River Channel Migration Zone (CMZ) in
Park County. In total, about 24 percent of the natural CMZ has been developed, and the majority of that
land is in urban/exurban land uses. Individual reaches in Park County show a relatively high level of CMZ
restrictions by armor and dikes; in several reaches over 25 percent of the natural CMZ has been
restricted.

Development within the CMZ in Park County is an important consideration with regard to cumulative
effects, as it generally is associated with riparian clearing, floodplain isolation, and bank armoring.
Although riparian mapping isn’t available for Park County, the available data do indicate that bank armor
and floodplain dikes are fairly ubiquitous in this region. In 2001, there were a total of 23.1 miles of armor
in the region, and that had expanded to 30.7 miles of armor by 2011. As of 2011, about 18 percent of the
bankline was armored, with the majority of that armor (26 miles) consisting of rock riprap. In several
reaches over 25 percent of the bankline is armored. Between 2001 and 2011, at least 650 feet of rock
riprap and 1,100 feet of flow deflectors were destroyed, primarily by flanking (erosion behind the
revetments).

Extensive levees and dikes protect the community of Livingston, and also protect spring creek fisheries in
the Paradise Valley. As of 2011, there were about 18.7 miles of dikes and levees mapped in the river
corridor. This is the highest concentration of dikes in any region, with 0.22 miles of floodplain dike per
river mile.

In Park County, side channels are probably important natural nursery areas for juvenile salmonids as they
provide shallow, slow current velocity habitat when the main channel does not. Side channels are also
important spawning areas for Yellowstone Cutthroat Trout, and a reduction in side channel habitat may
be a factor in measured declines in cutthroat populations. There are at least nine side channels that have
been blocked in Region PC. A total of 4.7 miles of side channels were blocked by floodplain dikes prior to
1950, and another 4.4 miles have been blocked since.

The hydrologic analyses presented in this report indicate that flood flow alterations due to human
development in Park County have been minimal. The 100-year flood flow has been reduced by less than
1 percent due to human influences, and the 2-year discharge has dropped by about 2 percent in the lower
end of the reach. These alterations are attributed largely to irrigation withdrawals during spring runoff.

Low flows have been impacted more substantially. At the Livingston Gage for example, summer
baseflows have dropped by about 5 percent from 1,760 cfs to 1,680 cfs. These impacts relate to
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irrigation, consumptive water use, and climate variability. The total estimated water withdrawal in Park
County in 2000 was 356 million gallons per day or almost 400,000 acre-feet per year. The vast majority of
that use is for irrigation. The estimated consumptive use for irrigation is estimated to be about 66,000
acre-feet per year, which is about 362 cfs over a 3-month period. The estimated year 2000 consumptive
use in Park County for public and other domestic water supply was 2.7 million gallons per day, or 3,033
acre-feet per year. There is also evidence that climatic shifts have resulted in a 25 percent reduction in
mean August flows since 1950 at Gardiner.

Region A: Sweet Grass, Stillwater, Carbon Counties

Region A is 95 river miles long and extends from the eastern boundary of Park County at Springdale to
the mouth of the Clarks Fork River, and includes the river corridor extent within Sweet Grass, Stillwater,
and Carbon Counties. These three counties had a combined population of about 23,000 people in 2010.
The economy is diverse, and includes mining, agriculture, and recreation. The economy of these three
counties is currently changing, shifting from a primary focus on extractive natural resource activities,
including mining and agriculture, to more recent expansion of recreation and tourism-based activities.

Similar to Region PC, the primary human influences in Region A are bank armor and to a lesser extent
floodplain dikes, which have been driven by river corridor development. About 37 percent of the natural
CMZ within Region A has been developed, with irrigation as the primary land use in the CMZ (2,919
acres or 32 percent of total CMZ). Since 1950, about 217 acres of riparian area have been cleared and
converted to irrigation. There has also been major conversion of flood irrigated lands to pivot and
sprinkler since 1950, indicating substantial investment in agricultural infrastructure.

These land use changes along with the proximity of the transportation corridor to the river have driven
substantial bank armoring in the region, which is a primary contributor to the cumulative effects of human
development in the region. As of 2011 there were 27.5 miles of bank armor in the region, protecting about
14 percent of the total bankline. Most of that armor (~23 miles) is rock riprap. The lower portions of
Region A show the expanded use of concrete riprap relative to a predominance of rock riprap upstream.

About 13 miles of bank armor is protecting agricultural lands, and another 8 miles protects transportation
infrastructure. In some areas, bank armor has dramatically narrowed the active river corridor to essentially
the active channel width, causing major pinch points in the meander belt. Similarly, the bridge at Reed
Point narrows the corridor to that of the bridge span. Between 2001 and 2011, at least 1,100 feet of rock
riprap, 900 feet of concrete riprap, and 1,500 feet of flow deflectors were destroyed in Region A, primarily
by flanking (erosion around and behind the revetments).

Region A has 2.3 miles of mapped floodplain dikes and levees, which at 0.02 miles of levee per river mile,
is a relatively low concentration for the upper river.

Bank armoring has substantially reduced overall rates of channel movement and floodplain turnover in
Region A, and as a result is a major component of observed cumulative effects. The mean migration
rates measured in Region A dropped from 6.0 feet per year from 1950-1976 to 4.8 feet per year from
1976-2001. The rate of riparian forest erosion and LWD recruitment in Region A dropped by about 4
acres per year from 1950-1976 to 1976-2001.

Side channels have also been blocked in the region, which is another major contributor to the cumulative
effects of human development. A total of 5.6 miles of side channels were blocked by floodplain dikes prior
to 1950, and another 8.2 miles have been blocked since. In 1950, there were a total of 92.6 miles of side
channel in Region A, and by 2001 that had been reduced to 75.3 miles, indicating some passive
abandonment of side channels in addition to the blockages.
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Between 1950 and 2001, Region A had an increase in total bankfull channel area of 1,210 acres or 17
percent. The majority of that channel expansion (870 acres) occurred between 1995 and 2001, and likely
reflects the influences of the 1996 and1997 floods on channel size. Channel enlargement may also relate
to disproportionate expansion of the main river thread with the loss of side channels.

Approximately 950 acres or 8.6 percent of the 100-year floodplain has become isolated in Region A, and
most of that is due to the transportation corridor, including the active rail line (368 acres) and
highways/roads (421 acres). Within this region, the railroad and frontage road closely follow the edge of
the river corridor, causing most of the floodplain isolation. About 412 acres or 11 percent of the more
frequently inundated 5-year floodplain in Region A has become isolated.

Region A has about 80 acres of cottonwood forest per valley mile, which is a relatively low value
compared to downstream regions. Since 1950 there has been a loss of about 550 acres of forest
considered to be at low risk of cowbird parasitism, which is a consequence of agricultural and
urban/exurban development within and adjacent to riparian areas. This loss has reduced the extent of
forest considered at low risk of cowbird parasitism by 45%. There are a total of 3,140 acres of mapped
wetlands in the region, or a concentration of 36.4 acres of wetland per valley mile, which is the highest
wetland density of any region. Some wetland areas have become isolated from the river by transportation
infrastructure, mainly the active rail line on the south side of the river. There is a major expansion of
Russian olive in the lower portion of Region A relative to upstream reaches.

High flow alterations in Region A have been minimal to moderate, with the changes increasing in the
downstream direction. In the lowermost portions of the region just above the mouth of the Clarks Fork
River, the 100-year flood flow has been reduced by about 2 percent, and the 2-year discharge has
dropped by about 5 percent.

The summer 7Q10, which is the lowest 7-day flow expected to occur every 10 years during summer
months, has been reduced by about 10 percent in the upper portion of Region A near Springdale, and by
almost 30 percent at the lower end near Laurel. These changes are primarily attributable to irrigation and
demonstrate how the influence of irrigation withdrawals on low flow increases in the downstream
direction. The changes also potentially reflect climate variability.

Region B: Yellowstone County

Region B is 86 river miles long, from the mouth of the Clarks Fork River near Laurel to the mouth of the
Bighorn River at Bighorn. It includes the majority of river corridor that lies within Yellowstone County, with
the exception of the community of Laurel, which is just upstream of the mouth of the Clarks Fork River.
Yellowstone County is known by the historical landmark Pompey’s Pillar, as well as its cultural importance
to the Crow Nation. The city of Billings is on the river and is the largest city in the state. Billings serves as
an important economic center for Yellowstone County and the state of Montana. In 2010, over 10 percent
of the total population of Montana was located in Billings. At that time, all of Yellowstone County had a
population of 147,972 people.

The cumulative effects within the majority of Yellowstone County reflect the consequences of extensive
river corridor development. This includes extensive CMZ development, riparian clearing, bank armoring,
side channel blockages, floodplain isolation, and flow alterations. All of these impacts have cumulatively
created a substantially altered river segment relative to historic conditions, with reduced rates of
geomorphic change and highly altered aquatic and riparian habitats.

About 42 percent of the CMZ within Region B has been developed, with irrigation as the primary land use
(3,406 acres or 32 percent of total CMZ). Almost 1,500 acres of land within the CMZ had been developed
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for urban/exurban and transportation land uses by 2011, which is the largest amount of such CMZ
development in the entire study area. Of that area, 164 acres are in the Historic Migration Zone (HMZ),
which is the area that was occupied by either stream channel or an island since 1950.

Since 1950, about 930 acres of riparian vegetation have been cleared in Region B for other land uses.
This reflects an 8 percent reduction in the total extent of mapped riparian acreage. Most of that cleared
area (618 acres) was converted to urban/exurban development. This clearing was concentrated around
Billings; in one reach, 317 acres or 50 percent of the riparian vegetation was cleared, primarily for urban
development. The development within Region B has substantially affected avian habitat. Since 1950 the
forest extent considered at low risk of cowbird parasitism had dropped by 312 acres or 35%.

Development in the river corridor in Region B has resulted in extensive bank armoring, especially around
Billings. As of 2011 there were 27.5 miles of bank armor in Region B, protecting about 14 percent of the
total bankline. Most of that armor (~23 miles) is rock riprap. Region B also has 9 miles of mapped
floodplain dikes and levees. In the vicinity of Billings, one 15.4 mile long reach has 11 miles of bank
armor.

Between 2001 and 2011, at least 250 feet of rock riprap, 4,600 feet of concrete riprap, and 2,200 feet of
flow deflectors were destroyed in Region B, primarily by flanking (erosion around and behind the
revetments).

Bank armoring has reduced the rates of floodplain erosion and turnover in Region B. The average
migration rates measured in Region B dropped from 11 feet per year from 1950-1976 to eight feet per
year from 1976-2001. Floodplain turnover rates dropped from 113 acres per year from 1950-1976 to 91
acres per year from 1976-2001, a reduction of 22 percent. The rate of riparian forest erosion in Region B
dropped by about 9 acres per year from 1950-1976 to 1976-2001.

Side channels have also been lost in Region B, where a total of 8.9 miles of side channels were blocked
by floodplain dikes prior to 1950, and another 6.6 miles have been blocked since. In 1950, there were a
total of 122 miles of side channel in Region B, and in 2001, there were 108 miles.

Approximately 2,600 acres or 11 percent of the 100-year floodplain have become isolated in Region B,
and most of that is due to the transportation corridor, including the active rail line (1,100 acres) and
highways/roads (1,200 acres). About 3,000 acres or 20 percent of the more frequently inundated 5-year
floodplain in Region B have become isolated.

High flow alterations in Region B have been moderate. In the lowermost portions of the region just above
the mouth of the Bighorn River, the 100-year flood flow has been reduced by about 4 percent, and the 2-
year discharge has dropped by about 11 percent.

The impact of human influences on low flows has been more substantial. At the Billings gage, summer
baseflows have dropped by about 42 percent, from 3,846 cfs to 2,227 cfs. The low flows and warmer
water have exacerbated the effect of nutrient enrichment leading to elevated growth of benthic (attached)
algae.

The Huntley and Waco-Custer diversion dams are located in Region B. Huntley Dam is located at a point
of split flow on the river, and blocks only the main channel. At low flows, however, the unblocked
secondary channels are essentially dry and therefore incapable of passing fish. As part of repairs
required after recent flooding on the river, a fish passage channel was constructed around the north end
of the dam. At Waco-Custer, the Yellowstone River flows through two main channels, and the structure
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itself blocks only the right channel. The current status of these structures with respect to fish passage is
not clearly known. Sauger have been sampled as far upstream as Billings, which is upstream of both
dams.

Region C: Treasure, Rosebud, and Custer Counties

Region C is 149 river miles long, from the mouth of the Bighorn River to the mouth of the Powder River. It
includes the entirety of Treasure, Rosebud and Custer counties, as well as about seven river miles of
western Prairie County. The area is sparsely populated, with a regional economy highly dependent on
agriculture and energy development. In 2010, Treasure, Rosebud, and Custer counties had a combined
population of 21,650 people. Region C has experienced only minor changes in land use since 1950.

The cumulative effects in Region C are dominated by the combination of flow alterations and agricultural
development on the floodplain. These influences have driven floodplain isolation, bank armoring, riparian
clearing, diversion structure construction, and side channel blockage. In turn, these activities have
resulted in the reduction in channel size and substantial alterations to aquatic and riparian habitats.

Region C is immediately below the mouth of the Bighorn River and as a result, changes in high flows
have been substantial. The 100-year flood flow has been reduced by 16 percent just below the Bighorn
River confluence, to 19 percent immediately upstream of the mouth of the Powder River. The 2-year
discharge has dropped by about 24 percent. The change in flows in Region C has resulted in a shrinking
of the overall Yellowstone River footprint. Between 1950 and 2001, Region C had reduction in total
bankfull channel area of 1,092 acres or six percent. In addition, Region C lost 124 acres of mid-channel
bar area between 1950 and 2001, as well as about 10 miles of low flow channels

Summer baseflows have dropped by an average of 53 percent in Region C, from 6,483 cfs under
undeveloped conditions to 3,434 cfs currently. This major reduction in baseflows has strong implications
with respect to water quality and aquatic habitat conditions during summer months.

About 38 percent of the natural CMZ within Region C has been developed, with irrigated agriculture as
the primary land use in the CMZ (6,810 acres or 34 percent of total CMZ). The river corridor is also locally
followed by the active railroad line and the abandoned Milwaukee Rail Line on the north side of the river;
about 360 acres of the CMZ has been consumed by transportation infrastructure.

As of 2011 there were 37.3 miles of bank armor in the region, protecting about 13 percent of the total
bankline. Most of that armor (~32 miles) is rock riprap. The majority of the bank armor in the reach (20
miles) is protecting the railroad, and another 10 miles protects irrigated agricultural land. Region C also
has 15.8 miles of mapped floodplain dikes and levees. Between 2001 and 2011, at least 230 feet of rock
riprap and 7,250 feet of flow deflectors were destroyed in Region C, primarily by flanking (erosion around
and behind the revetments).

Bank armoring and flow reductions have dampened erosion rates in Region C, where mean migration
rates dropped from 8.1 feet per year from 1950-1976 to 4.9 feet per year from 1976-2001. Similarly, rates
of floodplain turnover have dropped from 130 acres per year from 1950-1976 to 90 acres per year from
1976-2001, a reduction of 40 percent. As a result, the rate of riparian forest erosion in Region C dropped
by about 25 acres per year.

In 1950, there were a total of 124 miles of side channel in Region C, and in 2001, there were 103 miles. A
total of 11.4 miles of side channels were blocked by floodplain dikes prior to 1950, and another 18.8 miles
have been blocked since. The 21 mile net loss indicates that there has been some natural recovery from
the blockages.
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Region C has experienced extensive riparian clearing, due primarily due to expansion of irrigated lands
into riparian areas. Between 1950 and 2001 about 10% of the riparian vegetation or 2,200 acres were
converted to irrigated land.

About 18,000 acres or 52 percent of the 5-year floodplain in Region C has become isolated due to human
influences. Approximately 11,000 acres or 21 percent of the 100-year floodplain has become isolated,
and most of that is due to flow alterations (3,400 acres) and agricultural infrastructure such as field dikes
(2,900 acres). About 2,300 acres of 100-year floodplain in Region C has become isolated by the
abandoned rail line.

There are three in-stream diversion structures in Region C: Rancher’s Ditch Diversion, Yellowstone Ditch
Diversion, and Cartersville Dam. Cartersville Dam at Forsyth is considered to be a major fish passage
barrier, particularly for Shovelnose Sturgeon.

Russian olive extent and density increases in a downstream direction through Region C where saltcedar
has also become prevalent throughout the Region.

Reqgion D: Prairie, Dawson, Richland, and McKenzie Counties

Region D is 149 river miles long, from the mouth of the Powder River to the Yellowstone River’s
confluence with the Missouri River in North Dakota. It includes the river corridor footprint in eastern Prairie
County, Dawson County, Richland County, Montana, and McKenzie County, North Dakota. This area is
known for both its agricultural importance as well as its rich oil and gas resources. After peaking in the
1980’s the economic boom driven by the oil and gas industry experienced a downturn during the 1990’s,
coincident with drought conditions and a poor agricultural economy through much of the 2000’s. However,
the oil and gas sector is once again experiencing a boom, resulting in an increase in the population in
areas that have previously experienced net out-migration. In 2010, Prairie, Dawson, Richland, and
McKenzie Counties had a combined population of 26,251 people.

Similar to Region C, the cumulative effects in Region D are dominated by the combination of flow
alterations and agricultural development on the floodplain. These influences have driven floodplain
isolation, riparian clearing, diversion structure construction, and side channel blockage. In turn, these
activities have resulted in a reduction in channel size, reduction in rates of channel change, and
substantial alterations to aquatic and riparian habitats. Bank armoring is relatively rare in Region D.

High flow alterations in Region D have been substantial. The 100-year flood flow has been reduced by
about 12 percent, and the 2-year discharge has dropped by about 22 percent. The reduction in stream
flows in Region D has affected the size of the river and the rates of bank movement. Between 1950 and
2001, Region D had a reduction in total bankfull channel area of 3,370 acres or 16 percent. The mean
migration rates dropped from 9.4 feet per year from 1950-1976 to 4.9 feet per year from 1976-2001. As a
result, floodplain turnover rates have dropped from 136 acres per year to 78 acres per year, a reduction
of 58 percent. The rate of riparian forest recruitment has dropped by about 12 acres per year. Region D
also lost a total of 977 acres of mid-channel bar area between 1950 and 2001, and the length of low flow
secondary channels was reduced by 30.1 miles.

The change in low flows has been even more significant. Summer baseflows in Region D have dropped
by an average of 45 percent from 6,787 cfs to 3,029 cfs.

About 38 percent of the CMZ within Region D has been developed, with the primary land use in the CMZ
of irrigated agriculture (6,876 acres or 35 percent of total CMZ).
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As of 2011 there were 9.7 miles of bank armor in the region, protecting about 3 percent of the total
bankline. Between 2001 and 2011, at least 450 feet of rock riprap, 1,400 feet of concrete riprap, and 760
feet of flow deflectors were destroyed in Region D, primarily by flanking (erosion around and behind the
bank armor structures).

Region D also has 3.2 miles of mapped floodplain dikes and levees, which at 0.02 miles of dikes/levees
per river mile, is a relatively low concentration. A total of 11.3 miles of side channels were blocked by
floodplain dikes prior to 1950, and another 8.9 miles have been blocked since.

Region D has experienced extensive riparian clearing, primarily due to expansion of irrigated lands into
riparian areas. Between 1950 and 2001, about 11% of the riparian vegetation or 2,900 acres were
converted to irrigated land.

Approximately 6,800 acres or 14 percent of the 100-year floodplain have become isolated in Region D,
and most of that is due to flow alterations (5,000 acres). About 8,300 acres or 40 percent of the more
frequently inundated 5-year floodplain in Region D have become isolated.

Region D has the greatest extent of riparian forest on the river, with over 150 acres per valley mile of total
forest, and about 140 acres per valley mile of closed timber cottonwood forest. Russian olive extent and
density is lower than in Region C.

Intake Diversion Dam is located in Region D. It is the largest diversion dam on the river, and was built in
1911. Previous studies have indicated that approximately 500,000 fish were being entrained into the main

irrigation canal annually. Prior to the 2012 irrigation season, the diversion headworks were reconstructed
with fish screens, and fish passage issues at this structure are currently being addressed.

Yellowstone River Recommendations
The Yellowstone River, while experiencing the cumulative effects described above, remains a dynamic

and ecologically diverse river. Multiple opportunities still exist to ensure the long-term sustainability of the
river corridor ecosystem and to maintain the diversity of socioeconomic benefits that the river provides to
numerous communities. A number of Yellowstone River Recommended Practices (YRRPS) are
summarized in Chapter 8 of this document and explained in more detail in the companion document --
Yellowstone River Recommendations — Practical Applications with a Cumulative Effects Perspective -
2015.
The Yellowstone River Recommended Practices include the following:

e |solated Floodplain Restoration — Agricultural and Urban/Residential Development

e |solated Floodplain Restoration — Active/Abandoned Railroads and Public Roads

e Side Channel Blockage Removal

e Channel Bank Stabilization

e Riparian and Wetlands Management

e Invasive Woody Plant Control

e Noxious Weed Control
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e Water Quality — Nutrient Reduction: Agricultural Land Use

e Water Quality — Nutrient Reduction; Residential Development
¢ Solid Waste Removal

¢ Irrigation Water Management

o Qil/Gas/Brine Water Pipeline Crossings

e Altered Flows

e Channel Migration Zone

e Fish Passage and Entrainment

The companion document Yellowstone River Recommendations — Practical Applications with a
Cumulative Effects Perspective — 2015 outlines an Implementation Strategy and identifies additional data
needs. The Yellowstone River Conservation District Council (YRCDC) and U.S. Army Corps of Engineers
(Corps) will continue to identify opportunities to partner with individuals, groups, organizations, and
agencies to implement recommendations from this study.

This Cumulative Effects Analysis Report presents in detail the data and logic for the above findings of
cumulative effects on the Yellowstone River Corridor. This document and supporting appendices
(provided in a separate volume), prior study reports, and GIS database are available as resources for
local, state, federal, and tribal agencies, stakeholders, and the general public to use to improve their
management of the river and its floodplain. The goal is to ensure that important environmental, economic,
and cultural values can be sustained for the long-term benefit of the citizens within the watershed.

Report Organization
This document consists of 11 chapters:

Chapter 1, Introduction—Provides background information including description of the study area,
authorization, study participants, and the scope of the study.

Chapter 2, Natural and Human History of the Yellowstone River Corridor—Includes an overview of
the natural history of the Yellowstone River corridor and implications for this study.

Chapter 3, Study Area and Study Reaches—Summarizes the development of reach narratives for
specific segments of the Yellowstone River and of a supporting database.

Chapter 4, Primary River Element Cause-and-Effect Analysis—Analyzes causes and effects for the
primary river elements addressed in the study, including descriptions of the affected environment
and impacts of various stressors.

Chapter 5, Socioeconomics—Describes the economic profiles of the counties in the study area, the
economic sectors, and a summary of a cultural values survey that was conducted of study area
residents.
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Chapter 6, Cumulative Effects Analysis by Land Use—Describes the cumulative effects resulting from
various land uses.

Chapter 7, Primary Cumulative Effects—Describes the primary cumulative effects.

Chapter 8, Recommendations—Includes recommendations such as Management Practices and
possible restoration opportunities for consideration.

Chapter 9, Public Participation and Tribal Coordination—Describes the public participation process
and tribal coordination that occurred during the study.

Chapter 10, List of Authors.

Chapter 11, References.

Accompanying appendices and datasets are provided in a separate volume. The appendices include:
Appendix 1 - Land Use

Appendix 2 — Hydrology

Appendix 3 — Floodplain Connectivity

Appendix 4 — Geomorphology

Appendix 5 — Water Quality

Appendix 6 - Terrestrial Plants (Riparian Systems)
Appendix 7 — Aguatic Plants (Wetland Systems)
Appendix 8 — Fisheries

Appendix 9 — Avian

Appendix 10 — Socioeconomics

e Yellowstone River Cultural Inventory- 2006
e Socioeconomic Report: Regional Profile of the Yellowstone River Corridor

e Socioeconomic Report: Analysis of Agriculture, Urban/Ex-Urban Development and
Transportation Sectors

e Socioeconomic Report: Analysis of Ecosystem Services in the Yellowstone River Corridor
and Economic Impacts of Tourism and Yellowtail Dam

Appendix 11 — Reach Narratives

Appendix 12- Public and Tribal Coordination
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1.0 INTRODUCTION

The Yellowstone River Cumulative Effects Analysis (CEA) Study is a study led jointly by the Yellowstone
River Conservation District Council (YRCDC) and the U.S. Army Corps of Engineers (Corps). In 2004, the
Corps and YRCDC entered into a cost-share agreement to conduct a comprehensive study of the
mainstem Yellowstone River from Gardiner, Montana to the confluence of the Missouri River in North
Dakota. This study is referred to as the Cumulative Effects Analysis (CEA) throughout this report.

1.1  Project Location

The study area includes the Yellowstone River corridor from Gardiner, Montana to the confluence with the
Missouri River in North Dakota. The river corridor spans the 12 counties of Park, Sweet Grass, Stillwater,
Carbon, Yellowstone, Treasure, Rosebud, Custer, Prairie, Dawson, and Richland in Montana and
McKenzie in North Dakota. Figure 1-1 shows the Yellowstone River watershed along with the counties
that make up the river corridor. The river is approximately 700 miles long, with this analysis covering the
lower 565 river miles from Gardiner, Montana at the northern boundary of Yellowstone National Park to
the confluence with the Missouri River in North Dakota. The area of analysis focuses on the river and its
approximately 200,000 acre floodplain.

The Yellowstone River watershed covers approximately 71,000 square miles with a wide expanse of
tributary and mainstem headwaters in Wyoming, gradually narrowing to join the Missouri River in far
western North Dakota. Watershed elevations range from up to 13,000 feet in the Wind River Range,
Wyoming, to around 2,000 feet near the confluence with the Missouri River in North Dakota.

1.2  Study Participants and Coordination

The CEA is a river corridor study led jointly by the Corps and YRCDC. Over the eleven years of the study,
participation has included federal, state, local agencies, state universities, private consultants, and non-
government organizations. Throughout this time, representation has remained remarkably stable, with
many of the core project team members active from start to finish. For the first few years, efforts focused
on developing a suite of strategically integrated, multi-disciplinary scopes of work that form the core of the
study. Parallel efforts were undertaken to secure funding and to develop an implementation strategy for
each scope. As individual study components were performed, they were closely tracked and evaluated
with respect to implications regarding potential cumulative effects on the river system. This required
regular meetings and the consistent involvement of project participants. A major effort was made to
continually include all involved CEA participants in interdisciplinary discussions of cumulative effects.

The CEA process also included the creation of interim products that the project participants considered
valuable to the public. These products included a web-based interactive map viewer that allows
stakeholders to view information generated by the study, including Channel Migration Zone maps that
were developed as part of the study, and made available to the public immediately on their completion.
Project datasets and reports have been continually posted on the Yellowstone River Corridor Resource
Clearinghouse website hosted by the Montana State Library, to make them available to the general public
as promptly as possible (Montana State Library 2015). These datasets include imagery, physical and
biological inventories, floodplain analyses, and an array of summary reports.
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Study area and entire Yellowstone watershed
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The CEA included several project outreach efforts that were designed to raise public awareness and
garner feedback throughout the study. These efforts included workshops held throughout the corridor and
conferences developed specifically for the CEA. Annual regional tours by boat, train, and vehicle (Figure
1-2) were held to promote collaboration and understanding of the river and its people, and the
convergence of the two into the CEA. Ultimately, this effort resulted in a remarkable level of
interdisciplinary collaboration with regard to project development, execution, and ultimate completion.
Those involved in this effort have had the opportunity to work with a uniquely committed and competent
group of people who all have shown remarkable resilience and dedication towards the completion of this
vast effort.

Figure 1-2 YRCDC boat tour at Intake Dam, Montana (2013)

1.2.1 Yellowstone River Conservation District Council

The Yellowstone River Conservation District Council (YRCDC) has provided key local representation to
the CEA. The council was formed in 1999 specifically in support of the CEA, and is made up of
representatives from eleven Conservation Districts located within the river corridor (Figure 1-3). The
Montana Conservation Districts represented on the YRCDC include: Custer, Dawson, Park, Prairie,
Richland, Rosebud, Stillwater, Sweet Grass, Treasure, and Yellowstone Counties. Additional YRCDC
membership includes one representative each from McKenzie County, North Dakota, and the Montana
Association of Conservation Districts. The Council has two committees that serve key functions: the
Technical Advisory Committee (TAC) and the Resource Advisory Committee (RAC). The Chair of the
RAC also serves on the YRCDC.

L-R: Back: Steve Story, Stillwater; Kenny Nemitz, Dawson; Jerry O'Hair, Park; Tony Barone, Richland; Orvin Finsaas, McKenzie; Walter
Rolf, Custer; Don Youngbauer, Chair/Rosebud; Paul Gilbert, Sweet Grass; Bob Hector, Vice Chair/Yellowstone; John Moorhouse, RAC
Chair. Front: Carol Watts, Custer District Adminstrator; Niqgle Divine, Executive Director.

L]

Figure 1-3 Yellowstone River Conservation District Council Members
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1.2.1.1 Yellowstone River Technical Advisory Committee

The Technical Advisory Committee has taken the lead in assisting the YRCDC and the Corps in the
development and oversight of the technical studies contained in the Study’s Project Management Plan.
The Technical Advisory Committee meets bi-monthly to review budget allocations, review and revise
schedules, develop and/or review work contracts, advise the YRCDC on progress and issues, monitor
compliance with quality-control procedures, coordinate work to resolve any issues that impede progress
or quality of work, ensure opportunity for public participation and review of products, and interface with
the stakeholders and the general public on a routine basis. The Technical Advisory Committee facilitates
the development of timely, quality products within the established task budget. Representatives from the
Corps, U.S. Bureau of Reclamation, U.S. Fish and Wildlife Service, U.S. Geological Survey, Montana
Fish Wildlife and Parks, Montana Department of Natural Resources and Conservation, YRCDC, The
Nature Conservancy, Montana State University-Billings, and natural resource consultants have served on
the Technical Advisory Committee throughout part or all of the study.

1.2.1.2 Yellowstone River Resource Advisory Committee

The Resource Advisory Committee is made up of stakeholders from a representative array of interest
groups and local government entities associated with the Yellowstone River. It provides the following
support to the YRCDC:

e Provides local input and recommendations to the YRCDC regarding Cumulative Effect Analysis
studies of the Yellowstone River;

e Serves as advisor to the YRCDC and provides an avenue of communication and cooperation
between the various interests on the Yellowstone River;

e Proposes evaluation strategies, studies, and actions for improving the understanding,
management, and conservation of the river and its resources;

¢ Reviews and provides input on management practices and other recommendations promoted by
the YRCDC as a result of the Cumulative Effects Analysis.

1.2.2 U.S. Army Corps of Engineers

The U.S. Army Corps of Engineers (Corps) Omaha District has served as principal federal agency
providing financial resources, technical expertise, and management in partnership with the YRCDC and
its committees. The Corps, in partnership with the YRCDC, has had primary responsibility for developing
the Project Management Plan, establishing budgets for the component technical studies, and tracking
schedules. Through the terms of the cost-sharing agreement, the Corps and YRCDC have jointly secured
financial resources ensuring successful completion of the study. The Corps is a member of the TAC and
has regularly attended both YRCDC and TAC meetings, and topic specific technical meetings as
necessary, helping to lead discussions on the scope and quality of work products and how the results link
to a better understanding of cumulative effects. The Corps has also provided periodic status updates to
Congressional offices in response to inquiries.

1.3 Other Relevant Studies

The Yellowstone River has received increased public attention in recent years due to the combined
effects of damaging flood events and increased development pressures within the river corridor. Major
flood events in 1996 and 1997 resulted in an increased awareness of the potential magnitudes of
Yellowstone River flooding and bank erosion, as well as associated threats to infrastructure and land use.
This resulted in several related, but separate, efforts within the watershed.
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1.3.1 Upper Yellowstone River Task Force

Following the consecutive flood events in 1996 and 1997, the Governor of Montana appointed the Upper
Yellowstone River Task Force in an effort to provide a forum to discuss issues affecting the river.
Between 1997 and 2003, the Task Force conducted an interdisciplinary study to assess the cumulative
effects of bank stabilization and natural and other channel modification on the physical, biological, and
cultural attributes of the Upper Yellowstone River, which extends from the Yellowstone National Park
boundary at Gardiner, Montana, to the bridge at Springdale, Montana (Park County). In 2003, the Task
Force completed its work and submitted 43 consensus-based recommendations, documents, and
information (Montana State Library 2015).

1.3.2 Special Area Management Plan

In May 1999, a group of environmental organizations initiated a lawsuit against the Corps, which claimed
the Corps needed to better consider the cumulative effects of bank stabilization repairs on the integrity of
the riverine ecosystem. In May 2000, a U.S. District Court judge ordered the Corps to reopen 14 permits
and revisit the cumulative impact analyses for the repair. In response to the lawsuit and court decision,
the Corps continued accepting and evaluating permit applications, but an enhanced cumulative impact
analysis was applied on all subsequent permit reviews. The Corps completed the Upper Yellowstone
River Special Area Management Plan (SAMP) and associated environmental assessment with a Finding
of No Significant Impact in April 2011. The SAMP applies to a 48-mile reach of the upper Yellowstone
River in Park County (i.e., Emigrant to Mission Creek) that is more susceptible to the cumulative impacts
of bank stabilization activities. The Special Area Management Plan information can be found on the
Corps’ Omaha District webpage (Corps of Engineers 2015).

1.4 Authorization

The Yellowstone River Corridor Study was initiated in response to the 1999 Water Resources
Development Act (WRDA) authorization. The Corps completed a 905(b) Analysis Report, which
recommended a feasibility study of the river corridor to address issues that are beyond the capability of
state and local interests to resolve, given the existing circumstances and conflicts regarding water and
related land resources issues in the two-state, multi-county region. The Corps Headquarters approved
that 905(b) report on August 13, 2002.

1.4.1 Primary Study Authorization

The CEA was authorized by Section 431 of the Water Resources Development Act of 1999. Language
from WRDA directing the Assistant Secretary of the Army (Civil Works) to conduct the study is as follows:

SEC. 431 YELLOWSTONE RIVER, MONTANA.

(a) Study. The Secretary shall conduct a comprehensive study of the Yellowstone River from
Gardiner, Montana to the confluence of the Missouri River to determine the hydrologic,
biological and socioeconomic cumulative impacts on the river.

(b) Consultation and Coordination. The Secretary shall conduct the study in consultation with
the U.S. Fish and Wildlife Service (USFWS), the U.S. Geological Survey (USGS) and the
Natural Resources Conservation Service (NRCS) and with the full participation with the State
of Montana and tribal and local entities, as well as public participation.

(c) Report. Not later than five years after enactment of this Act, the Secretary shall submit to
Congress a report on the results of this study.
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1.4.2 Related Authorization

Additional authority for restoration projects within the study area was provided by Section 3110 of the
Water Resources Development Act of 2007. This authority provides a potential avenue to study and
implement specific recommendations from this study in the future.

SEC. 3110. YELLOWSTONE RIVER AND TRIBUTARIES, MONTANA AND NORTH DAKOTA.

(a) DEFINITION OF RESTORATION PROJECT.—In this section, the term “restoration project”
means a project that will produce, in accordance with other Federal programs, projects, and
activities, substantial ecosystem restoration and related benefits, as determined by the Secretary.
(b) PROJECTS.—The Secretary shall carry out, in accordance with other Federal programs,
projects, and activities, restoration projects in the watershed of the Yellowstone River and
tributaries in Montana, and in North Dakota, to produce immediate and substantial ecosystem
restoration and recreation benefits.
(c) LOCAL PARTICIPATION.—In carrying out subsection (b), the Secretary shall—
(1) consult with, and consider the activities being carried out by—

(A) other Federal agencies;

(B) Indian tribes;

(C) conservation districts; and

(D) the Yellowstone River Conservation District Council; and

(2) seek the participation of the State of Montana.

(d) AUTHORIZATION OF APPROPRIATIONS.—There is authorized to be appropriated to carry
out this section $30,000,000.

1.5 Study Scope
In order to meet the direction of the study authority provided by Congress, a multi-agency team, in

coordination with the YRCDC, developed a scope of work to characterize the hydrologic, biological and
socioeconomic conditions on the river and assess the relationships between them. The overall study
consists of the following major tasks, each of which were managed as individual work scopes:

1. Project Management

2. Public Participation

3. Tribal Coordination

4. Biological Studies

5. Socioeconomics

6. Data and Topography Mapping

a. GIS and Information Management

52
Introduction Study Scope



Yellowstone River Cumulative Effects Assessment December 2015

b. Topographic and Bathymetric Mapping
7. Hydrology
8. Hydraulics
9. Geomorphology
10. Cumulative Effects
11. Report Distribution
12. Program Management.

Project Management, Public Participation, Tribal Coordination, Program Management and Report
Distribution lay out the process of how the study will be conducted, documented, and coordinated. The
remaining tasks address the technical work necessary for building a comprehensive analysis of
cumulative effects in the river corridor. The following is a summary of the technical analyses scopes.

1.5.1 Biological Studies

1.5.1.1 Riparian

The primary purpose of the riparian analysis is to gain an understanding of the plant community
composition, structure, and dynamics along the Yellowstone River riparian corridor and to evaluate the
interrelationships that the riparian plant community has with invasive plant species infestations, channel
geomorphology, river hydraulics, and in-channel fish habitat. The analysis identifies temporal and spatial
changes in riparian vegetation as well as invasive species and their impacts on riparian communities in
the corridor.

1.5.1.2 Wetlands

The purpose of the wetland analysis is to investigate the cumulative effect of human activities along the
Yellowstone River on the abundance and/or quality of wetlands. The study discusses the spatial
distribution of wetland vegetation, spatial changes in wetland extent and distribution, ecological
significance of wetlands, and the impact of invasive species on wetlands in the corridor. Historical wetland
data does not exist, so a temporal analysis was not possible.

1.5.1.3 Avian

The purpose of the avian study is to evaluate how cumulative human factors influence avian populations
and communities along the Yellowstone River. The analysis includes the spatial distribution of general
avian responses, impacts of habitat condition on avian responses, and status and trends of habitat
conditions along the Yellowstone River.

1.5.1.4 Fisheries

The purpose of the fisheries study is to evaluate how human influences affect the fish assemblage using
published studies, unpublished reports and professional judgment. The analysis discusses changes in the
physical river system (altered hydrology, geomorphology, riparian vegetation, wetlands, land use,
connectivity, water quality, introduced species, and recreational fishing) and how those changes influence
fisheries in the Yellowstone River.
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1.5.1.5 Water Quality

The water quality study provides a description of the existing state of water quality in the Yellowstone
River and a discussion of human influences on water quality. It presents key information from the USGS
SPARROW (Spatially Referenced Regression on Watershed Attributes) surface water quality model to
estimate nitrogen and phosphorous yields and quantify the importance of various nutrient sources. The
model uses calibrated models to predict long-term average loads, concentrations, yields, and source
contributions for all stream reaches (monitored and unmonitored) within the modeled watersheds.

1.5.2 Socioeconomics

The purpose of the socioeconomic analysis is to provide a detailed regional profile that synthesizes
available data relevant to different socioeconomic conditions at various time intervals. It expands on the
regional profile with emphasis on the transportation sector, urban/exurban development, and the
agriculture industry. The analysis provides economic relevance to the biophysical findings in the
cumulative effects analysis. Analysis using the Yellowstone River Cultural Inventory was completed in
2006 as part of the scope of the cumulative effects analysis, which documents the different perspectives
and values held by people who share the Yellowstone River.

1.5.3 Data and Topographic Mapping

The Data and Topographic Mapping scope includes the collection, creation, and analysis of spatial data,
as well as the archiving and dissemination of project data and reports.

1.5.3.1 GIS and Information Management

The purpose of the Geographic Information System (GIS) and information management scope is to
provide a means to communicate information and results of the project to the public, the YRCDC, and
investigators working on the project. This work includes database design and data development services,
electronic data storage and retrieval, data sharing among scientific investigators, Internet access to final
products resulting from the project, and map-rendering services to assist in communicating results of the
analysis. A data clearinghouse is housed at Montana State Library, and can be found at the following;
http://geoinfo.msl.mt.gov/Home/data/yellowstone_river _corridor_resource _clearinghouse. All project data
and reports will be housed at this site.

1.5.3.2 Topographic and Bathymetric Mapping

This effort includes the development and acquisition of aerial imagery, elevation, and bathymetric data of
the study area. Data acquisition included LIiDAR elevation data for Springdale to the Missouri River
Confluence, with high-resolution color imagery collect in parallel with the elevation data. Bathymetric
mapping was collected for sections of Stillwater, Yellowstone, and Dawson Counties. The new mapping
provides baseline data that is in the hydraulic analyses, as well as supporting analysis for other project
scopes.

1.5.4 Hydrology

The hydrologic analysis (by the Corps and USGS) develops the hydrologic data necessary to evaluate
the water-related issues in the Yellowstone River basin. The primary objective of the hydrology analysis is
to establish the discharge frequency and flow-duration relationships for the Yellowstone River from Park
County to the confluence with the Missouri River near Williston, North Dakota. This information serves as
the foundation for understanding the Yellowstone River hydraulics, geomorphology, and ecosystem.

54
Introduction Study Scope


http://geoinfo.msl.mt.gov/Home/data/yellowstone_river_corridor_resource_clearinghouse

Yellowstone River Cumulative Effects Assessment December 2015

1.5.5 Hydraulics

The hydraulic analysis provides hydraulic information to define the current and historical extent of the
Yellowstone River floodplain for multiple purposes:

e To identify opportunities to reduce flood damage;
e To determine impacts from human development;
e To restore environmental features and functions.

In addition, the analysis provides detailed hydraulic data, including river stages, velocities, flow depths,
and flooded areas in support of the geomorphic and biological analyses for the study.

1.5.6 Geomorphology

The primary purpose of the geomorphic analysis is to assess the fluvial geomorphology of the
Yellowstone River to determine how channel behavior is related to both natural processes and human
impacts. The analysis includes a detailed assessment of the geomorphic processes characteristic of
representative reaches, including a relative channel stability assessment and an evaluation of rates and
trends of geomorphic evolution. These geomorphic trends are assessed with respect to both observed
hydrologic changes and identified river controls (floodplain encroachments, bank stabilization, grade
controls, etc.).

1.5.7 Cumulative Effects

The cumulative effects analysis utilizes all of the technical analyses conducted in the other scopes to
develop a characterization of cause-and-effect relationships between human activities and associated
river system responses. The cause and effect relationships are then used to develop recommendations
for management practices and actions that will provide sustainability to socioeconomic interests while
maximizing the long-term biological and physical integrity of the river system. To the extent possible, the
cumulative effects analysis relies on a scientific foundation to understand cumulative cause-and-effect
relationships of human actions and natural processes. The decision-making process was based on this
scientific foundation and integrated stakeholder values.
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2.0 NATURAL AND HUMAN HISTORY OF THE YELLOWSTONE
RIVER CORRIDOR

This chapter provides an overview of the Yellowstone River setting. The main topics include (1) what is
known about natural history and how it is applied to the Yellowstone River and (2) how communities’
culture and economic use of the Yellowstone interact with the natural history. This is not intended as an
encyclopedic coverage of natural history in the Yellowstone River watershed. Rather it touches on some
main points of geology, climate, biology, and the principal economic uses of the Yellowstone River
corridor.

2.1  Natural History

The natural history of a river includes all of the natural elements that make up a watershed. At the most
basic level, a watershed is the contributing basin to a stream or river system, including its floodplain and
upland areas.

The Yellowstone River corridor crosses the semi-arid temperate steppes of North America, but the upper
watershed includes high-elevation and relatively high-precipitation mountain ranges, similar to the
Missouri River and other major rivers in the region. The natural history of all these rivers of the Northern
Rocky Mountains has been studied to some extent. Their main features are well-known, and the
interdependency of water, geology, and biology are generally predictable.

The nearly 700-mile-long Yellowstone River is the largest tributary to the Missouri River. Its mean annual
discharge is 12,747 cubic feet per second (cfs), about 55 percent of the Missouri River’s total water
volume at the confluence. The Yellowstone and its regional relatives all derive the majority of their water
from mountain snowmelt and begin as coldwater mountain streams with rocky beds. The rivers gradually
transition to lower-gradient, small gravel to sand beds with warmer water. While roughly half of the land
area ultimately drained by the Yellowstone watershed lies in Wyoming, the Yellowstone River itself is
contained almost entirely within Montana.

As a national resource, the Yellowstone is without parallel. The river originates in the nation’s first national
park (Yellowstone National Park) and it is referred to as the longest free-flowing river in the lower 48
United States, as there are no major dams or reservoirs on the mainstem river. It is nestled within the
largest relatively intact temperate zone ecosystem on the planet, the Greater Yellowstone Ecosystem
(Jean and Crispin 2001). Between Gardiner and the Yellowstone River/Missouri River confluence, the
physiography of the Yellowstone River and its tributaries transitions from steep, confined mountainous
areas to plains conditions. This physiographic transition correlates to a transition from a salmonid-
dominated fishery in the upper reaches to a warmwater fishery in the lower reaches. The watershed
supports over 200 plant and animal species of conservation concern. In addition to its ecological
importance and scenic beauty, the Yellowstone supports a variety of agricultural, domestic, industrial, and
recreational uses. These uses are of great economic and social importance, both to the nation, and the
people who live along the river (YRCDC 2013).

2.1.1 Physiography

The Yellowstone River watershed covers approximately 71,000 square miles, with headwaters in
Wyoming and Montana. It joins the Missouri River in far western North Dakota. The physiography of the
Yellowstone Watershed is quite diverse, and it includes three physiographic provinces: the Great Plains,
Middle Rocky Mountains, and Northern Rocky Mountains (Zelt et al. 1999).
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The Great Plains Province is composed of gently rolling hills with some sharply dissected badlands, a
product of easily eroded shale. Elevations in the Great Plains region of the watershed range from 7,217
feet to 1,870 feet near the confluence with the Missouri River. The majority of the watershed lies in the
unglaciated portion of the Missouri Plateau section of the Great Plains province. The topography of the
unglaciated portion was formed for the most part by fluvial dissections of outwash plain. The extreme
northeastern edge of the Yellowstone Watershed was exposed to continental glaciation.

The Middle Rocky Mountains Province features landforms such as mountain ranges, high plateaus, and
inter-mountain basins. Elevations range from 3,400 feet to 13,700 feet. Within the Yellowstone Watershed
lie the Absaroka Range, the Beartooth Mountains, the far north reach of the Bighorn Mountains, and the
Pryor Mountains. The Bighorn Mountains are broad anticlines flanked by hogbacks. The Beartooth
Mountains are high plateaus that sit on top of several uplifted blocks dissected by glaciated river valleys.
The Absaroka Range consists of volcanic deposits that produce a rugged topography that consists of
steep valleys with erodible slopes (Zelt et al. 1999).

The Northern Rocky Mountain Province is separated from the Middle Rocky Mountain Province by the
Yellowstone River Valley and Yellowstone Plateau. The Yellowstone River flows out of the highland
alpine areas and into the Great Plains, which are primarily underlain with sedimentary rock with glacial
outwash and alluvium common throughout (Jean and Crispin 2001).

2.1.2 Climate

Climate of the Yellowstone watershed (as described in Zelt et al. 1999) ranges from cold and wet in the
mountains to temperate and semi-arid in the plains. Mean annual temperatures range from less than 0°C
(32°F) to 10°C (50°F), with temperatures coldest in January (average temperatures ranging from -18°C
(0°F) to -3°C (27°F) and warmest in July (average temperatures ranging from 12°C (54°F) to 24°C (75°F).
Average frost-free periods range from 10 days at high elevations to 140 days in lower basins.
Precipitation is variable and depends on the region. The Absaroka and Beartooth Mountains receive 40 to
110 inches of precipitation a year. The Great Plains region receives 10 to 20 inches of precipitation a
year. Snowfall makes up a considerable portion of the annual precipitation. Variability of precipitation is
more pronounced in the plains than in the mountains.

2.1.3 Vegetation

Vegetation communities (largely described in Jean and Crispin 2001) vary greatly and include the
following major types:

e Alpine tundra includes turf vegetation dominated by Ross’ avens (Geum rossii), curly sedge
(Carex rupestris), Bellardi bog sedge (Kobresia myosauroides), and blackroot sedge (Carex
elynoides); cushion plant communities dominated by curly sedge, moss campion (Silene acaulis),
dwarf clover (Trifolium nanum), and twinflower sandwort (Minuartia obtusiloba); and wet
meadows dominated by tufted hairgrass (Deschampsia cespitosa), alpine bluegrass (Poa alpina),
and Parry’s clover (Trifolium parryi).

e Coniferous forests mostly dominate the mountainous regions and include whitebark pine (Pinus
albicaulis), subalpine fir (Abies lasiocarpa), Engelmann spruce (Picea engelmannii), and
lodgepole pine (Pinus contorta). Lower elevated montane areas contain Douglas fir (Pseudotsuga
menziesii) and lodgepole pine, with ponderosa pine (Pinus ponderosa) lower still.
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e Deciduous forests are not common but do occur in the lower montane zone. They are largely
composed of aspen (Populus tremuloides) or cottonwood (Populus balsamifera ssp. trichocarpa
or Populus deltoides and Populus angustifolia).

e Grassland and shrublands are found in the valleys and plains and include Idaho fescue (Festuca
idahoensis), bluebunch wheatgrass (Pseudoroegneria spicata), and needle-and thread
(Hesperostipa comata).

e Sagebrush communities are found in upland sites and include mountain sagebrush (Artemisia
tridentata ssp. vaseyana) and the more arid big sagebrush (Artemisia tridentata spp. tridentata).

¢ Intermountain wetlands (as described in Jones 2001) are found in glacial cirques and kettles.
Floodplain and depressional wetlands have developed in glaciated valleys and wind-eroded
deflation basins.

o Willow shrublands are found in floodplains, around beaver ponds, in peatlands, and surrounding
pot-holes and lakes.

¢ Non-willow shrublands include mountain alder (Alnus incana) and water birch (Betula
occidentalis) in springs and seeps along streams; and Western snowberry (Symphoricarpos
occidentalis), silver sagebrush (Artemisia cana), chokecherry (Prunus virginiana), and red-osier
dogwood (Cornus stolonifera) are common along riverine floodplains.

2.1.4 Wildlife

The diversity of the landscape leads to a variety of habitats for animal species. Mountainous habitats
have associated plants and animals adapted to cold water and high altitude climate. Lower altitude
habitats support associated plant and animal species able to exist in a continental climate with hot
summers and cold winters. General fauna (as described by Jean and Crispin 2001) includes elk (Cervus
elaphus), mule deer (Odocoileus hemionus), bighorn sheep (Ovis canadensis), antelope (Antilocapra
americana), and bison (Bison bison).

Species of concern are numerous within the Yellowstone Watershed. The coniferous forest ecosystem is
a remaining stronghold of habitat for the gray wolf (Canis lupus), grizzly bear (Ursus arctos horribilis), and
North American lynx (Lynx canadensis), although historically, bears and wolves ranged widely across the
Great Plains as well. The gray wolf has been removed from the Endangered Species list in Montana, but
on February 20, 2015 it was put back on the Endangered Species List for Wyoming (USFWS 2015a).
Grizzly bears and lynxes are still listed as threatened. State listed species of concern include the fisher
and wolverine. State listed bird species of concern include the goshawk (Accipiter gentiles), black-backed
woodpecker (Picoides arcticus), and white-winged crossbill (Loxia leucoptera), all of which require large
intact habitats.

The riverine system and riparian habitats support an outstanding trout fishery as well as other state
species of concern, which include the cutthroat trout (Oncorhynchus clarki bouvieri) and sauger
(Stizostedion canadense). Reptile species of concern include the snapping turtle (Chelydra serpentina)
and spiny softshell (Trionyx spiniferus). Amphibian species of concern include the Columbia spotted frog
and the Northern leopard frog (Figure 2-1). Bird species of concern associated with wetlands include the
bald eagle (Haliaeetus leucocephalus), harlequin duck (Histrionicus histrionicus), and the redheaded
woodpecker (Melanerpes erythrocephalus).
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Grassland species of concern include two candidates for listing by the USFWS: the black-tailed prairie
dog (Cynomys ludovicianus) (USFWS 2011) and the greater sage grouse (Centrocercus urophasianus)
(USFWS 2015b). Historically, bison were present in large herds that migrated widely through the basin.
Their presence likely had a substantial effect on the vegetation communities and river morphology
through short periods of intensive grazing and disturbance from river crossings.

Figure 2-1 Northern leopard frog

2.1.5 Mainstem Ecology

The Yellowstone River is the only river of major size and length in the lower 48 states that does not have
a large-scale dam and reservoir interrupting its mainstem natural features. As the river makes its way
down the valley, it interacts with its geology and sediment supply, the amount of precipitation, climate,
and steepness of the valley to form the natural river features and human occupation patterns in place
today.

In general, the riverside vegetation is dominated by riparian cottonwood forest wherever the river
meanders and forms bars and other landforms that are near water level. The forests vary substantially in
age, based on when the river meandered and new growth of seedlings appeared. At any point in time,
depending on how recently the river has moved, the immediate vicinity may be composed of bare ground,
grasslands, newly seeded forest tree species, shrubs, closed forest, or maturing old and decadent open
forest. While cottonwoods dominate, there may also be willow, green ash, box elder, dogwood, and other
species intermixed with the cottonwood. The mainstem riparian plant community transitions from
narrowleaf/black cottonwood to plains cottonwood to green ash.

Associated with the river, riparian zone, and floodplain are a wide variety of terrestrial wildlife species.
While there is a large range of mammals, as listed above, this study concentrates on bird species that are
dependent on the riparian, wetland, and aquatic habitats along the river. There is some variation in bird
species from the river’s headwaters to its junction with the Missouri River in northwestern North Dakota,
although there is continuity of many species. These mainly migratory species spend the warm months
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along the river and migrate south for the colder time of year. They are sensitive to a range of habitat
conditions, such as density of forest, variety in heights of vegetation, and openings in and intrusions into
the natural forest areas. Birds are a good indicator of the health and intactness of the riparian and
floodplain habitats along the river.

The waters of the river also contain a diverse set of aquatic life forms, supporting an array of invertebrate,
amphibian and fish species. The fish species differ significantly from the upper river to the lower. The fish
species assemblage is salmonid-centered in the cold waters of the upper Yellowstone and limited to
under 20 species. The warmer waters of the lower reaches of the river support a more varied warmwater
fishery, numbering some 50 species. The transition from cold to warm primarily occurs between Laurel
and the mouth of the Bighorn River in the central region of the Yellowstone corridor. There is also aquatic
and emergent vegetation in the Yellowstone River, which occurs in wetlands adjacent to the river as well
as in the river itself. The waters of the river play a pivotal role in distributing seeds to new landforms along
the river.

2.1.6 Example of River Ecology: Woody Debris

A watershed in its natural state demonstrates an interconnectedness in how various plants and animals
live through their life cycle and interact with other species’ growth and habitat. One example from the
Yellowstone watershed is the relationship between large cottonwood trees and the rivers’ fisheries. When
cottonwood trees fall or are washed into the river channel, they become host habitat for a variety of
invertebrates that gradually decompose the trees (further contributing nutrients to the aquatic food web).
In turn, many species of fish feed on the invertebrates and use the woody debris as shelter from the swift
Yellowstone current.

The woody debris has other natural history aspects, such as an effect on morphology of the stream. The
accumulation of woody debris in the channel can affect sediment deposition and erosion patterns, as mid-
channel bars commonly form in the lower velocity zone downstream of lodged cottonwood trees (see
Figure 2-2). These islands are typically colonized by new riparian forest, which contributes to a range of
age classes in the stream corridor that supports a range of bird species.

Woody debris is just one of many individual factors that create a complex process of a river’'s movement
through its valley, its interactions with its geology, hydrology and climate, and the biology that develops
within the bounds of precipitation, temperatures, soil types, valley width, and other factors.

Photo Credit: Tom Pick

Figure 2-2 Large woody debris jams helping to create islands and mid-channel bars by

trapping sediment
Note: These features provide riparian and wetland habitat when above the ice scour elevation, as well as important,
seasonal fisheries habitat.
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2.2 Economics and Community Development

The Yellowstone watershed was relatively unaffected by human activities prior to the 19th century. The
Native American people living in the Yellowstone River environs were few in population and did not have
permanent settlements. They subsisted on hunting of game both large and small and the gathering of
native plants and their roots, seeds and berries. Because of the small populations, the lack of firearms,
and the lack of major means of transport until the 19th century, these hunter and gatherer cultures had
minor effects on the Yellowstone River corridor, as they took no water other than drinking water and did
not seek to control the size or direction of the river’s flow (Schneiders 2003). They only affected
vegetation communities through low-intensity fires.

While not the first Euro-American party to travel through this area, the Lewis and Clark Expedition of 1804
through 1806 was the first to systematically document the area and its natural features. Two other
exploratory expeditions, both military-sponsored, reached portions of the Yellowstone—first in 1859 to
about the mouth of the Tongue River, and then in the mid-1870s when the steamboat Josephine almost
reached the mouth of the Clarks Fork River near present-day Billings. Exploration was mainly intended to
reveal travel routes that might serve a function similar to that of the Oregon Trail, moving settlers to
resources further west. In general, the Yellowstone country was viewed as a vast, dry desert-appearing
country where only the river bottoms possessed a variety of vegetation and game animals.

While the trapping of fur-bearing animals and the discovery of gold and other precious minerals began
spurring the settlement of western Montana by the mid-19th century, the Yellowstone country was still
recognized as Native American territory by the American government. Sporadic settlement began in the
valley after the Indian Wars of the 1870s, but the construction of the Northern Pacific Railroad up the
Yellowstone Valley in 1881 and 1882 introduced two of the economic sectors—agriculture and
transportation—that would become mainstays of the Yellowstone Valley economy and drive much of its
settlement. The Northern Pacific Railroad was a land grant railroad, with sections of land granted to the
company as an incentive to build the transcontinental connection. Those lands were used to generate
income for the railroad company. One way to do that was to begin the development of farming
infrastructure such as irrigation, sell land to prospective settlers, and then convey farming commaodities
from the land sold in this manner. In addition to the railroads, the Homestead Act (starting in 1862)
encouraged settlement of the West.

For the purpose of this river corridor study, the most pertinent outcome of the railroad construction and
settlement activity was irrigated agriculture and ranching along the entire Yellowstone River Valley.
Certain centers became more important than others. The railroad founded division points at Glendive,
Billings, and Livingston. By 1883, Livingston with its two points of attraction (machine shops for the
railroad and position as the gateway to Yellowstone National Park, established in 1872), was the largest
town in the valley with 2,000 residents.

However, Billings was to later become the center of population and commerce for the entire Yellowstone
Valley. Between 1894 and 1908, a number of trends in American economics combined to make Billings
expand. With the Northern Pacific Railroad already in place, the Burlington and Great Northern Railroads
added connections to the north (Great Falls), south (Denver), and east (Omaha) that would make the
Billings—Laurel area a rail center for the entire Northern Plains. A principal in the Northern Pacific
Railroad, Frederick Billings, would be instrumental in bringing sufficient capital into the area to invest in
banks and businesses in the central part of the valley. Additional laws passed to encourage irrigation, as
well as expansion of the Homestead Act in the early 1900s, encouraged the first major U.S. Bureau of
Reclamation (USBOR) irrigation project at Huntley, east of Billings, and other local irrigation projects near
Billings and Laurel, as well as the first sugar refinery in 1906. The infusion of capital, the conjunction of
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the railroads, the growth of irrigated agriculture, and the emergence of industrial activity in the Billings
area would cause the town to expand in population from about 7,000 in 1907 to over 12,000 by the
following year (Lang 1995). Even if Billings had not continued to grow through the 20th century, its size in
1908 would have still made it the largest community along the Yellowstone in 2010.

Down river, a second USBOR project, the Lower Yellowstone Project, created another center of
agriculture, causing the formation of the town of Sidney and a new county to be carved out of Dawson
County by 1914. A second expansion of agriculture occurred in the 1920s when Sidney became the
location of a second sugar refinery, making sugar beets an economic mainstay of the valley and irrigation
a focal point for valley agriculture (Malone et al. 1991).

The Yellowstone River Valley grew rapidly for other reasons. A fourth railroad (the Milwaukee Road in
1907) ran along a portion of the lower valley and established a division point at Miles City; encouraging
growth to the early settlement there based on cattle ranching. Coal mining at the periphery of the
Yellowstone region also fed the economy at several points along the valley from the early 1900s into the
1920s. And after 1940, oil development brought further wealth and population to the Yellowstone Valley.
Eventually, three oil refineries would be built in the Billings area.

Although growth along the Yellowstone was slowed by the Great Depression and World War 1lI; by 1950
the emergent economy of the region had already developed the vast majority of agricultural lands still
being irrigated today. Most of the transportation infrastructure—local roads and railroad—was also in
place. The only major additional transportation system developed after 1950 was the Interstate Highway
System, specifically Interstate-90/94, present in the Yellowstone corridor (Van West 1995).

Other economic sectors continued to grow and change and can be indirectly seen in the growth of urban
areas and rural subdivisions. For instance, the region that includes the Billings urban area floodplain grew
420 percent in footprint between 1950 and 2011. That included housing, industrial areas, and other urban
features. Billings became a commercial, shopping, medical, transportation, and industrial center for a
wide area of the Northern Plains, and that trend accelerated after 1950.

Another noticeable change was the influx of people attracted to the Upper Yellowstone for its scenery,
fishing, and general outdoor amenities. Park County, including the Livingston area, increased its footprint
of exurban developments by nearly 2,000 percent between 1950 and 2011. This has altered the nature of
economic activity, not only in Park County, but downstream as far as Billings (Thomas and Swindell
2013).
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3.0 STUDY AREA AND STUDY REACHES

3.1 Study Area Stationing, Regions and Reaches

The Yellowstone River CEA project reach extends over 565 river miles from Gardiner, Montana to the
Missouri River confluence. Evaluating a river system of this size requires segmentation of the corridor in
order to meaningfully evaluate conditions and trends. One of the first efforts for the CEA study was a
reconnaissance evaluation of the project area, which was completed in 2004 (AGI and DTM 2004). This
original reconnaissance was performed for all counties except Park County in the upper river; the Park
County portion of the area was later added to the study.

The 2004 reconnaissance study broke the river into regions to reflect downstream changes in broad-scale
physiography. Within those regions, the river was further segmented into reaches that could be grouped
in terms of basic form, allowing comparisons of cause-and-effect relationships, both spatially and
temporally, for a given reach type. The reconnaissance report contains a summary of regional geologic
history, regional trends in river morphology such as slope, valley width and sinuosity, and a discussion of
primary human influences that appear to be influencing river processes (AGI and DTM 2004).

3.1.1 Regional Geomorphic Zones

Between Gardiner and the Yellowstone River/Missouri River confluence, the physiography of the
Yellowstone River and its tributaries transitions from steep, confined mountainous areas to plains
conditions. This physiographic transition correlates to a downstream transition from a coldwater salmonid
fishery to a warmwater fishery. To ensure that the comparison of reaches in the cumulative effects
analysis is applied to reaches of similar baseline conditions, the corridor was subdivided into five regional
zones (Table 3-1, Figure 3-1), and then further subdivided into 88 individual river reaches. The regional
zones are generally based on the dominant fish species and include a coldwater headwaters zones, a
transition zone, and two warmwater plains zones. Various studies have placed the downstream end of the
coldwater headwaters zone in several places, including Big Timber (Montana DNRC 1976), Reed Point
(Zelt et al. 1999), or Columbus (Silverman and Tomlinson 1984). The primary change to warmwater
species has been identified starting at the confluence of the Clarks Fork River (Montana DNRC 1976)
near Laurel. The downstream end of the transition zone is consistently placed at the Bighorn River
confluence. Below the Bighorn, the river is a plains river with a warmwater fishery. The downstream
changes in dominant fish species are reflected in progressive changes in landscape geomorphology. The
upper reaches are steeper and have a coarser bed substrate. Channel slope and substrate size decrease
in the downstream direction.

Table 3-1
Major Geographic Regions of Yellowstone River CEA Study
River

Miles Location Reaches

Region PC 479-564 85 Gardiner to Springdale PC1-PC21

Region A 384-479 95 Springdale to Clarks Fork River Al — A18

Region B 298-384 86 Clarks Fork River to Bighorn River B1-B12

Region C 149-298 149 Bighorn River to Powder River Cl-C21

Region D 0-149 149 Powder River to Missouri River D1-D16
65
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The uppermost of the five primary geomorphic regions, Region PC (Park County) extends from Gardiner
to Springdale. The next region, Region A, extends from Springdale to the Clarks Fork River confluence at
Laurel. The break at Laurel was selected based on changes in dominant fish species, a reduction in
valley confinement and channel slope, and the hydrologic and sediment influences of the Clarks Fork.
From the Clarks Fork, Region B encompasses the entire transition zone, extending downstream to the
Bighorn River. The warmwater section was divided into two regions: the upper one, Region C, extends
from the Bighorn River to the Powder River; and the lower one, Region D, extends from the Powder River
to the Missouri River. The break at the Powder River is based on the relatively large, fine-grained
sediment load delivered by the Powder River to the Yellowstone, and the associated probable effects on
stream morphology and fisheries habitat. The major characteristics of each region are described below.

Region PC: In Park County, the Yellowstone River flows through major geologic controls from Gardiner
to Point of Rocks, where channel migration rates are minimal and the riparian corridor is very narrow.
Below Emigrant, the channel is more dynamic, although locally confined by both low and high terraces.
Spring creeks in the Paradise Valley occur on both sides of the main channel. This area is prone to major
sediment loading from terrace erosion during flood events. Through Livingston, the river is confined by
extensive armor and dikes. Downstream of Livingston near Mission Creek, wooded islands and open bars
are common. There are 21 reaches over 85 river miles in Park County. All of the reaches are at least
partially confined, indicating that bedrock and terraces strongly influence the river corridor. The channel
substrate consists primarily of gravel, cobble and boulders, and the average channel slope is 11 feet per
mile (0.2 percent). These conditions provide high quality habitat and spawning grounds for salmonids. In
Region PC, the Yellowstone River supports a coldwater salmonid fishery, including cutthroat trout,
rainbow trout, brown trout, and mountain whitefish. The reach is classified as a “blue ribbon” trout stream
(Montana DNRC 1976).

Region A: From Springdale to the Clarks Fork River confluence near Laurel, the river is 95 miles
long and is divided into 18 reaches. These reaches are typically anabranching (supporting long side
channels separated from the main channel by wooded islands), as well as braided (supporting split-flow
channels around open gravel bars). Similar to Park County, the reaches are typically partially confined,
indicating that a bedrock valley wall or an alluvial terrace commonly affects one bank of the river. The low
terrace commonly follows the channel edge, and a few exposures of high terrace locally bound the
modern river corridor. Similar to Region PC, this section of river supports a coldwater salmonid fishery.
Sweet Grass, Carbon, and Stillwater Counties are located in Region A.

Region B: Between the Clarks Fork River confluence and the Bighorn River confluence, the river is
divided into 12 reaches over 86 river miles. Reach types are variable, ranging from straight to braided.
Similar to Region A, bedrock valley wall controls are intermittent. Both low and high terrace features
locally form the channel bankline. Region B includes the area around Billings, which is densely armored
and highly impacted. Between the Clarks Fork confluence and the Bighorn River confluence, the river is
within a biological transition, with both cold and warmwater fish species present. Silverman and
Tomlinson (1984) identify 20 fish species from eight families that inhabit the transition zone. Water
temperatures gradually increase in the downstream direction. Within this reach, the average gradient is 8
feet per mile (0.15 percent) and the channel substrate includes more fine sediment. The transition zone
lies entirely within Yellowstone County.

Region C: Between the Bighorn River and the Powder River, the Yellowstone River is a low-gradient
system that supports a wide range of reach types. Region C is divided into 21 reaches, ranging from
unconfined, multi-thread channels in the Mission and Hammond Valleys to highly-confined areas
downstream of Miles City. Region C marks the first river section that is impacted by hydrologic alterations
associated with Yellowtail Dam operations on the Bighorn River. Downstream of the Bighorn River
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confluence, a plains warmwater fishery is supported, which is characterized by a diverse variety of non-
salmonid, warmwater species. In this section, which is approximately 150 miles long, the Yellowstone is a
prairie river. This aquatic ecosystem includes carp, goldeye, burbot, stonecat, sauger, walleye, channel
catfish, paddlefish, and shovelnose sturgeon (Montana DNRC 1976, 1977; Schneider 1985). The channel
slope is relatively consistent in Region C at approximately 3 feet per mile (0.06 percent). Backwater areas
are heavily silted, even though the channel bed consists of cobble and gravel. The Region C plains zone
includes Treasure, Rosebud, and Custer County.

Region D: Below the Powder River confluence, the river is 149 miles long and is divided into 16
reaches. The uppermost segments of this region, from the Powder River to Fallon, are closely confined
by bedrock valley walls. Downstream of Fallon, confinement is reduced, and broad islands are common.
Region D supports a warmwater fishery and tends to be relatively fine-grained and low-gradient. Within
Region D, the Yellowstone is a prairie river somewhat similar to Region C in terms of fisheries. These two
zones collectively support 46 species of fish from 12 families (Silverman and Tomlinson 1984). However,
the river gradient within Region D drops in the downstream direction from 3 feet per mile near the Powder
River to approximately 1 foot per mile (0.02 percent) downstream of Sidney. In Region D, low channel
gradients are accompanied by relatively high turbidity and multiple thread channel segments. The
average valley bottom width of Region D is over 3 miles, whereas that of Region C is approximately 2
miles. The geomorphic environments associated with quality fisheries habitat in Region D include side
channels, chutes, and backwater areas. Climax riparian plant communities in the plains zone typically
consist of grassland species, including blue grama and western wheatgrass. Near the mouth of the river,
rainfall increases and forests of green ash and bur oak form the climax community (Silverman and
Tomlinson 1984). Region D includes Prairie, Dawson, Wibaux, Richland, and McKenzie Counties.

3.1.2 Reach Delineation and Classification

The 2004 Yellowstone River reach delineation and classification had the following objectives (AGI and
DTM 2004):

e Segment the project area into manageable lengths (reaches) for the CEA analysis, as well as for
future efforts such as research, restoration implementation, and monitoring.

e Characterize each reach.
e Develop a classification system that can be used to describe all reaches.
e Assign reach types to every reach.

The goal was to develop a simple classification system that would help differentiate reaches in terms of
their natural propensities to support various types of habitats and experience given rates of change. The
primary information used included 2001 color infra-red air photos, geologic mapping, a physical features
inventory, soils maps, floodplain delineations, and some vegetation mapping. The parameters used in the
reach classification are described in the sections below.

3.1.2.1 Stream Pattern

Stream pattern is a major component of remote channel classification, largely because the channel
pattern is readily discernible on aerial photographs. Also, stream pattern provides a good indicator of the
relative dynamics of a stream; that is, whether the stream is prone to rapid change (e.g., braided) or slow
change (e.g., straight and single thread). The following pattern categories were utilized in the
classification (Brice 1975):
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e Meandering—A dominant single thread channel, with a sinuosity typically in excess of 1.2
e Braiding—Extensive unvegetated mid-channel bars

e Anabranching—Well-vegetated islands that are typically over 3 times wider than the active
channel

3.1.2.2 Confinement

The materials that make up the bed and banks of stream profoundly influence its form and behavior
(Kondolf et al. 2003). On the Yellowstone River, whether the river is flowing in the middle of the valley or
against the edge affects channel migration rates and patterns, riparian conditions, and in-stream habitat.
The following descriptors have been applied to each reach, based on a qualitative assessment of aerial
photographs:

¢ Unconfined—Reaches where the river flows within the core of the valley and does not run against
the valley wall. These reach types are commonly located where the river crosses from one side of
the valley to another, and they are typically very dynamic.

o Patrtially Confined—Patrtially confined reaches are those where the channel flows along the valley
wall for at least some of its length. These reaches are common and tend to show moderate levels
of change through time.

e Confined—Confined reaches are in narrow river valleys where both streambanks are dominated
by bedrock or terraces. This occurs most prominently between Miles City and Fallon (RM 176-
125) where sandstones of the Fort Union Formation tightly confine the river valley and in the top
four reaches of Park County where the river is confined by bedrock and glacial terraces. These
reaches tend to show very slow rates of channel movement and support only a narrow fringe of
riparian vegetation.

3.1.2.3 Assigned Classifications

The river was divided into 88 reaches between Gardiner and the mouth based on classifications of
confinement and pattern. Table 3-2 lists the classifications assigned to the reaches. The first column of
the table also shows the “General Channel Type,” which is related to the reach types used in some of the
data analyses.

Individual reach locations are displayed in Figure 3-2 through Figure 3-6. The reach names refer first to
region and then to a sequential number from upstream to downstream within that region (e.g., Region A
contains reaches Al through A18, with Reach Al at the upper end of the region). Each region contains
between 12 (Region C) and 21 (Region PC) individually classified reaches. Reach lengths range from
about 3 to 12 river miles. Table 3-3 contains a list of reach locations and classifications. For a more
detailed discussion of the reach classification, see the 2004 Reconnaissance Report (AGI and DTM
2004).
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Table 3-2
Summary Parameters for Reach Classification
Detailed
Channel | Number Side
General Detailed Channel Type of Natural Gravel Bar Channel
Channel Type |Type Reference | Reaches Confinement Frequency Frequency
Anabranching |Unconfined UA 12 Low Moderate High
anabranching
Partially confined PCA 18 Moderate Moderate High
anabranching
Braided Unconfined braided uB 6 Low High High
Partially confined PCB 13 Moderate High High
braided
Meandering Partially confined PCM 4 Moderate |Low/Moderate | Moderate
meandering
Partially confined PCM/I 11 Moderate |Low/Moderate | Moderate
meandering/islands
Straight/ Partially confined PCS 11 Moderate |Low/Moderate Low
Confined straight
Confined straight CS 5 High Low Low
Confined CM 7 High Low Low
meandering
Straight/ Unconfined us/i 1 Low Low/Moderate | Moderate
Unconfined straight/islands
Source: AGl and DTM 2004
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Table 3-3
Reach Locations and Classifications
Channel

Reach Length Type

Identification ()] Reference General Location

PC1 3.80 Park CS Gardiner to Little Trail Creek

PC2 3.00 Park CM Devil's Slide area

PC3 10.40 Park CSs Corwin Springs to Carbella; Yankee
Jim Canyon

PC4 3.60 Park CM Carbella to Hwy 89 Bridge

PC5 3.80 Park PCA Hwy 89 Br. to Big Creek

PC6 4.40 Park CM Big Creek to Six Mile Creek

PC7 6.00 Park PCA Six Mile Cr to Grey Owl

PC8 12.70 Park CM Grey Owl to just below Mallard’s Rest

PC9 1.70 Park PCA To Pine Creek

PC10 3.60 Park PCM  |To downstream of Deep Creek;
Weeping wall, Jumping Rainbow;
onset of spring creeks

PC11 2.30 Park PCA To near Suce Creek, Wineglass
Mountain to west

PC12 2.00 Park PCM To Carters Bridge

PC13 1.70 Park PCB Through canyon upstream of
Livingston

PC14 3.30 Park PCA To Livingston

PC15 1.80 Park PCS To Mayor’s Landing

PC16 4.30 Park PCA To just upstream of Hwy 89 bridge

PC17 2.00 Park PCB Through Hwy 89 bridge crossing to
Shields River

PC18 5.30 Park UA To below Mission Creek

PC19 2.90 Park CS To near Locke Creek

PC20 4.40 Park PCS

PC21 2.20 Park PCA To Springdale

Al 3.40 Sweet Grass PCB Springdale

A2 6.90 Sweet Grass uB Grey Bear fishing access

A3 5.50 Sweet Grass PCB Upstream of Big Timber

A4 3.30 Sweet Grass UB To Boulder River confluence

A5 3.30 Sweet Grass UB

A6 3.10 Sweet Grass PCS

A7 9.70 Sweet Grass PCB Greycliff

A8 5.10 Sweet Grass PCB R/R

A9 3.80 Sweet Grass, Stillwater UA To Reed Point

A10 4.40 Stillwater PCS

All 7.00 Stillwater PCB 1-90 Bridge crossing

Al2 6.00 Stillwater PCB To Stillwater confluence

Al13 3.60 Stillwater PCA Columbus

Al4 7.80 Stillwater PCA
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Channel

Reach Length Type
Identification (mi) Reference General Location
Al5 5.90 Stillwater, Carbon PCB Follows Stillwater/Carbon County line
Al6 7.60 Stillwater, Carbon PCA Park City
Al7 6.40 Yellowstone, Carbon UA To Laurel
A18 2.50 Yellowstone UA To Clarks Fork River
Bl 15.20 Yellowstone UB
B2 6.10 Yellowstone PCB Billings
B3 4.30 Yellowstone UB
B4 3.90 Yellowstone PCS
B5 7.30 Yellowstone UA Huntley
B6 6.10 Yellowstone PCB
B7 8.80 Yellowstone UB
B8 9.10 Yellowstone PCA Pompey’s Pillar
B9 4.70 Yellowstone UA
B10 7.20 Yellowstone PCM
B11 8.10 Yellowstone PCA To Custer Bridge
B12 4.60 Yellowstone UA To Bighorn River confluence
C1l 5.80 Treasure UA
Cc2 5.50 Treasure PCB To Myers Bridge
C3 4.80 Treasure UA To Yellowstone Diversion
C4 3.80 Treasure PCB Below Yellowstone Diversion
C5 3.20 Treasure PCS Hysham
C6 5.60 Treasure UA Mission Valley
C7 9.10 Treasure UA Mission Valley
C8 6.50 Treasure, Rosebud PCS Rosebud/Treasure County Line
C9 10.70 Rosebud UA Hammond Valley
C10 6.80 Rosebud PCM Forsyth
Cl1 11.30 Rosebud PCM/I | To Cartersville Bridge
C12 10.20 Rosebud PCM/I  |Rosebud
C13 6.70 Rosebud PCM/I
Cl14 12.20 Rosebud, Custer PCM/I
C15 3.60 Custer PCS
C16 7.30 Custer PCM/I |to Miles City
C17 4.50 Custer PCS Miles City; Tongue River
C18 3.20 Custer PCS
C19 11.10 Custer CS
C20 7.50 Custer, Prairie CS
Cc21 9.50 Custer, Prairie CM To Powder River
D1 12.20 Prairie CM To Terry Bridge
D2 10.50 Prairie CM To Fallon, I-90 Bridge
D3 8.40 Prairie, Dawson PCS Into Dawson County
D4 11.00 Dawson PCM/I
D5 12.50 Dawson PCA To Glendive
D6 5.60 Dawson PCM/I |Glendive
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Channel
Reach Length Type
Identification (mi) Reference General Location
D7 7.60 Dawson PCA
D8 10.30 Dawson PCA To Intake
D9 3.30 Dawson PCM/I |Downstream of Intake
D10 11.50 | Dawson, Wibaux, Richland PCA
D11 6.40 Richland PCA Elk Island
D12 13.60 Richland PCA
D13 8.50 Richland PCM/I
D14 14.30 Richland, McKenzie PCM/I |Into McKenzie County, North Dakota
D15 6.00 McKenzie PCM/I
D16 7.50 McKenzie us/I To Missouri River confluence

3.1.3 River Mile and Valley Mile Referencing

Many of the spatial references in this document refer to river mile or valley mile. The river mile stationing

is based on a digitized centerline from 2001 aerial imagery. Valley miles are defined by a digitized valley

line that follows the main river corridor axis. The river mile distance from Gardiner to the Missouri river is

5654 miles. The valley distance between those points is 466 miles. To put the data into a spatial context,

lists the reach, valley mile, and river mile locations of major towns, confluences, and counties are listed in
Table 3-4 through Table 3-6.

Table 3-4
Reach Locations of Major Towns
Gardiner 564 466 PC1
Livingston 501 413 PC15
Big Timber 461 377 A4
Reed Point 434 353 Al0
Columbus 416 337 Al3
Laurel 386 311 Al8
Billings 365 293 B2
Hysham 277 220 C5
Forsyth 239 193 C10
Miles City 185 150 C17
Terry 139 111 D1
Glendive 94 171 D6
Intake 73 56 D8
Sidney 29 22 D13
Fairview 12 10 D15
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Table 3-5
Reach Locations of Major Confluences

Confluence River Mile Valley Mile Reach
Mill Creek 526 431 PC8
Shields River 494 406.5 PC17
Boulder River 460 376 A4
Stillwater River 417.5 338.5 Al12
Clarks Fork River 383.5 309 Al18
Pryor Creek 354 283 B5
Bighorn River 298 236 B12
Tongue River 185 150 C17
Powder River 150 119 Cc21

Table 3-6

Reach Locations of Major Counties

County Reaches

Park PC1-PC21
Sweet Grass Al1-A9
Stillwater A10-A16
Carbon A15-A16
Yellowstone Al17-B12
Treasure C1-C7
Rosebud C8-C13
Custer C14-C20
Prairie C21-D3
Dawson D4-D9
Richland D10-D14
McKenzie D15-D16

3.2 CEA Database and Reach Narrative Development

Many of the datasets developed for the Cumulative Effects Assessment (CEA) were summarized by
reach. This allowed the compilation of diverse datasets related to hydrology, hydraulics, geomorphology,
riparian, wetlands, avian, and fisheries at a consistent and manageable scale for interpretation of cause-
and-effect relationships. Packaging and interpreting the interdisciplinary results on a reach scale was an
effective means of providing information to other users and decision makers in the corridor. To achieve
that, the reach-based results for each topic were collected in a relational database. A series of queries
and reports were generated to create an output format that summarizes the project data in a consistent
format for every reach. These reports are collectively referred to as the “Reach Narratives.” They can be
rapidly generated out of the database to compile summary information for each reach. Additional
narrative and graphics (maps and graphs) are provided to help users interpret the data.
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Because of the amount of information generated and compiled for the study, the full Reach Narrative
reports tend to be in excess of 15 pages in length each. With 88 reaches, this amounts to over 1,300
pages of reach narratives. These full narratives contain detailed information from the analyses performed
in support of the CEA and provide the user with descriptions of the datasets and potential applications.
The narratives also include potential applications of specific Yellowstone River Recommended Practices
(YRRP).

A condensed narrative was generated for each reach that includes a reach description, a sheet with key
CEA-related parameter values from the database, a location map showing river miles, bank armor, and
floodplain dikes, and a map showing the modeled 5-year floodplain boundary (modern flow conditions)
and the Channel Migration Zone (CMZ) boundary. The narrative summary describes the reach location
and selected reach data and presents recommended practices for the reach. A sample condensed
narrative is shown on Figure 3-7 through Figure 3-10 for Reach C9 above Forsyth.

The CEA database is in Microsoft Access format that can be updated as more information becomes
available. Updating the database will automatically update the narrative reports.
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Yellowstone River Reach Narratives Reach C9

County Rosebud Upstream River Mile 253.8
Classification UA: Unconfined anabranching Downstream River Mile 243.1
General Location Hammond Valley Length 10.70 mi (17.22 km)

Narrative Summary

Reach C9 is 10.7 miles long and is located in the Hammond Valley upstream of Forsyth. The Hammond Valley is an unusually wide segment of the
Yellowstone River corridor, similar to the Mission Valley near Hysham. These two valleys owe their shape to the presence of the Bearpaw Shale in the
valley wall, which is relatively erodible and prone to mass failure. Because the Mission and Hammond Valleys are so wide, the river has developed a
complex series of channels and an expansive riparian forest. These reaches are especially rich in terms of aquatic and riparian habitat extent, diversity,
and geomorphic complexity. Reach C9 is an Unconfined Anabranching {UA) reach type, which is typically the most complex and dynamic reach type on
the river.

Flow alterations in Reach C9 have been driven primarily by changes in flows on the Bighorn River and water use for irrigation. The 2-year discharge,
which is an important flow statistic because it approximately defines the channel capacity, has dropped by 14,400 cfs, or 23.5%, due to flow alterations
on the river. That reduction in flow has been accompanied by a reduction in the bankfull channel area, or channel size, by 209 acres since 1950.

There is over 10,000 feet of rock riprap in Reach C9, as well as 1,100 feet of flow deflectors. This reach experienced severe bank erosion during the
2011 flood when some banks migrated several hundred feet. In response to that erosion, several thousand feet of bank armor were constructed after
2001, mostly on the south side of the river. This riprap represents both new projects and extensions on older projects. Some flow deflectors in the
reach were flanked during the flood and now sit in the middle of the river. Other impacts in Reach C9 include almost four miles of side channel that
have been blocked by dikes. This loss is due to the blockage of one very long side channel on the north side of the corridor that was clearly active in
1950, but by 1976 was plugged on its upper end.

The combination of bank armoring and reduced energy due to flow alterations has resulted in a reduced floodplain turnover rate in Reach C9 from 22.2
acres per year to 12.9 acres per year. The area of open bar habitat mapped under low flow conditions dropped by almost 100 acres since 1950,
reflecting riparian expansion into the channel, reduced sediment recruitment from banks, and reduced sediment loading from the Bighorn River.

Over 40% of the land area that was historically inundated by a 5-year flood now remains dry during that frequency event. Most of these isolated areas
currently typically flood irrigated fields, some of which were riparian forest in the 1950s. The vast majority of irrigated land in Reach C9 is under flood
irrigation (3,900 acres) while 515 acres are under pivot. Inthe upstream end of the reach, pivots on either side of the river extend into the Channel
Migration Zone. About 6% of the total CMZ has been restricted by physical features.

There are several animal handling facilities in Reach C9 that are adjacent to the main river channel or smaller side channels, tributaries, or swales.
These are located at RM 252L (side channel), RM 248L (tributary), and RM 245R (main channel).

Reach C9 was sampled as part of the avian study. A total of 73 bird species were identified in the reach. Five bird species identified by the Montana
Natural Heritage Program as potential species of concern (PSOC) were found, the Black and White Warbler, Dickcissel, Plumbeous Vireo, Ovenbird, and
Chimney Swift. Three Species of Concern (SOC) were identified, the Black-billed Cuckoo, Bobolink, and Red-headed Woodpecker. With the expansion
of agriculture in the reach, the extent of forest at low risk of cowbird parasitism dropped from 108 acres per valley mile in 1950 to 64 acres per valley
mile in 2001.

Reach C9 has 74 acres of mapped Russian olive, which appears to be concentrated on the banks of isolated side channels and sloughs, but also
distributed through cottonwood forest in the downstream portion of the reach.

A hydrologic evaluation of flow depletions indicates that flow alterations over the last century have been major in this reach. The 2-year flood, which
strongly influences overall channel form, has dropped by 24%. Low flows have also been impacted; severe low flows described as 7Q10 (the lowest
average 7-day flow anticipated every ten years) for summer months has dropped from an estimated 4,720 cfs to 3,020 cfs with human development, a
reduction of 36%. More typical summer low flows, described as the summer 95% flow duration, have dropped from 6,150 cfs under unregulated
conditions to 3,320cfs under regulated conditions at Reach C10 downstream where the analysis begins, a reduction of 46%.

CEA-related observations in Reach C9 include:

*Reduced floodplain and riparian turnover rates due to flow alterations and bank armoring
e Lost side channel extent due to side channel plugs

*Expansion of Russian olive into abandoned side channels and riparian forest

«5-year floodplain isolation due to agricultural dikes and flow alterations

eEncroachment of pivot irrigation into Channel Migration Zone

eIncreased risk of cowbird parasitism with agricultural expansion

Recommended Practices for Reach C9 include:

*Side channel reactivation at RM 252L

*Nutrient management associated with animal handling facilities at RM 252L, RM 248L, and RM 245R.
*Russian olive removal

Tuesday, June 23, 2015 Page | of 4

Figure 3-7 Reach Narrative Example, Summary Writeup
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Yellowstone River Reach Narratives Reach C9

The following table summarizes some key CEA results that have been used to describe overall condition and types of human
influences affecting the river. The values are specific to this single reach. Blanks indicate that a particular value was not available for
this area. This information is consolidated from a large dataset that is presented in more detail in the full reach narrative report.

Undev. Developed % Change "Undeveloped" flows represent conditions prior to significant human
2 Year (cfs) 61,300 46,900 -23.5% development, whereas "developed" flows reflect the current condition of
! ! ' both tive and non- tive wat ;
100 Year (cfs) 121,000 101,000 16.5% oth consumptive and non-consumptive water use

Bankfull Channel Area (Ac) 1950 1976 1995 2001 1950-2001  Bankful channel area is the total footprint of the

1562.4 15378 1.336.0 1353.3 -209.1 river inundated at approx. the 2-year flood.

Physical Features 2011 Length % of 2001-2011 There are additional types of bank armor such as car bodies and

(ft) Bankline Change steel retaining walls, but they are relatively minor.

Rock RipRap 10,283 9.1% 4,427

Concrete Riprap 0 0.0% 0

Flow Deflectors 1,113 1.0% 160

11,396 10.1% 4,587

Length of Side Channels Pre-1950s Post-1950s Numerous side channels have been blocked by small dikes.
Blocked (ft) 0 19,348

loodplain Turnover 1950 - 1976 - .

1950-2001 In-channel The rate of floodplain turnover reflects how
1976 2001 riparian encroachment many acres of land are eroded by the river.
Total Acres 576.1 323.2 (negative number indicates retreat) Tunover is associated with the creation of
Acres/Year 22.2 12.9 riparian habitat.
, 384.59 acres
Acres/Year/Valley Mile 2.9 1.7
Open Bar Area Bank Mid- The type and extent of open sand and gravel bars reflect in-
Point Bars  Attached Channel Total stream habitat conditions that can be important to fish,
Change in Area '50 - '01 (Ac) 7156 17 442 -98.8 amphibians, and ground-nesting birds such as least terns.
Floodplain Isolation Acres % of FP Floodplain isolation refers to area that historically was
5Year 2,045.9 43% flooded, but has become isolated do to flow alterations
100 Year 300.4 5% or physical features such as levees.

Restricted Migration Area Acres % of CMZ Channel Migration Zone restrictions refer to the area and percent of the CMZ that has been
333.2 6% isolated by features such as bank armor, dikes, levees, and transportation embankments.
1950 2011 1950 2011 Changes in land use reflect the
Agricultural Land (Ac) [ 8,021.5 8,458.6 Flood (Ac) 3,895.4 3,498.6 | development of the river corridor through
time. The irrigated agricultural are is a
Ag. Infrastructure (Ac) 88.2 312.0 Sprinkler (Ac) 0.0 0.0 sub-set of the mapped agricultural land.
Exurban (Ac) 0.9 27.5 .
Urban {Ac) 0.0 0.0 Pivot (Ac) 0.0 515.0
Transportation (Ac) 115.4 104.6
1950s Riparian Vegetation To To Total Rip. % of 1950s Changes in the extents of riparian vegetation are influenced by
Converted to a Developed Irrigated  Other Use Converted Rip. land use changes within the corridor.
253.9 0.0 253.9 8.0%
National Wetlands Inventory Acres Acres per Wetlands units summarized from National Wetlands Inventory
Valley Mi Total Mapping include Riverine (typically open water sloughs),
Riverine 29.2 3.8 W:tland Emergent (rflarshes a.n-d wet meadows) a_nd Shrub-Scrub (open
Emergent 308.5 200 cres bar areas with colonizing woody vegetation).
582.1
Scrub/Shrub 244.4 3.7
Russian Olive (2001) Acres % Russian olive is considered an invasive species and its presence in the corridor is fairly recent.
(Appx. 100-yr Floodplain) 74.0 0.7% Its spread can be used as a general indicator of invasive plants within the corridor.
Riparian Forest at low risk of Change Cowbirds are associated with agricultural and residential
Cowbird Parasitism 1950 1976 2001 1950-2011  development, displacing native bird species by parasitizing their
Ac/Valley Mile 108.0 65.4 64.1 -44.0 nests.
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Figure 3-8 Reach Narrative Example, Selected Database Output
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Yellowstone River Reach Narratives Reach C9
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Figure 3-9 Reach Narrative Example, Location Map showing River Miles and Physical
Features
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Yellowstone River Reach Narratives Reach C9
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Figure 3-10 Reach Narrative Example, modern 5-Year Floodplain and CMZ boundary
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4.0 PRIMARY RIVER ELEMENT CAUSE-AND-EFFECT ANALYSIS

4.1 Primary River Elements

This chapter describes the primary river elements addressed in the Yellowstone River Cumulative Effects
Analysis (CEA) study, including analysis of the affected environment and impacts by various stressors.
These elements were determined early in the project scoping process (Chapter 1) as being important in
defining the character of the river. The primary river elements addressed include:

e Land Use Change

e Hydrology: Hydrograph (i.e., flows)

e Hydraulics: Floodplains

e Geomorphology: Channel Migration and Channel Pattern

o Water Quality

e Biology: Riparian Systems, Wetland Systems, Avian, and Fisheries

The impacts of land uses and other human activities are described in this chapter as major, moderate,
and minor effects on the physical and biological elements of the corridor. This is a qualitative ranking.
Major effects occur over large portions of the study area or have notably caused changes. Moderate
effects can occur over small to large portions of the study area, but have caused less noticeable changes.
Minor effects occur only in localized parts of the study area and either there is insufficient data available
to document changes or the changes are negligible.

Much of the analysis is supported by spatial datasets compiled in a project Geographic Information
System (GIS). Throughout the study, data sets defining the various river elements were created and
attributed using the reach and region boundaries (see Chapter 3 Study Area and Reaches) defined in the
geomorphic reconnaissance (AGI and DTM 2004) completed at the beginning of the study. By
maintaining consistent analysis extents and boundaries across all data sets, it became possible to
analyze the complex spatial relationships between the various datasets.

As referenced in Chapter 2 a data clearinghouse is housed at Montana State University Library. All
project data and reports will be housed at this site which can be found at the following;
http://geoinfo.msl.mt.gov/Home/data/yellowstone_river _corridor_resource_clearinghouse.

4.2 Land Use Change

The following chapter summarizes the land use changes and trends identified within the Yellowstone
River corridor. A compete discussion of the analyses performed in this investigation is contained in
Appendix 1 (Land Use).

4.2.1 Introduction

Land use change was examined for the entire Yellowstone River corridor, from Gardiner at the north
entrance to Yellowstone National Park to the Yellowstone River’s confluence with the Missouri River in
northwest North Dakota.

85
Primary River Element Cause-and-Effect Analysis Primary River Elements


http://geoinfo.msl.mt.gov/Home/data/yellowstone_river_corridor_resource_clearinghouse

Yellowstone River Cumulative Effects Assessment December 2015

The land use changes detailed and discussed in this chapter were identified from aerial photographic
coverage of the Yellowstone River corridor. The first data point is 1950, the earliest available series of
photography for the complete river corridor. With some limitations, other data points from aerial
photography include 1976, 2001, and 2011. Because this is an analysis of land use conversion, it relies
on the interpretation of aerial photography to determine where human activity has changed the natural
condition of the land to some other use, such as housing or irrigated agricultural fields. A four-tiered
schema was used to attribute all mapped land use polygons for each year. This allowed the data to be
analyzed at a variety of scales (e.g., Tier 1 — agricultural vs. non-agricultural land, or Tier 3 — irrigated vs.
non-irrigated agricultural land).

Land use is defined for this study as an activity that is either clearly identifiable from an inspection of the
aerial photography or still appears to be in its natural condition. For example, easily identifiable land uses
are irrigated agriculture land use with defined fields and irrigation structures; urban land use, where
streets, business, industry, houses and other city-based activities have are present; or transportation
corridors, such as Interstate or railroad lines. Along the river, land use types include riparian forest (for the
Yellowstone the most noticeable forests are the cottonwood galleries in the riparian area) or grassland
areas. As, it is not possible to consistently identify whether natural-appearing lands are grazed or not, no
effort was made to determine the extent of grazing in the land use mapping datasets.

Land use can also be put into place through location of an activity at a single geographic point, for
example the construction of Yellowtail Dam on the Bighorn River. Although the dam only converts the
land surface at a single location, its effects influence the river and land cover for long distances, changing
the nature of the river channel, altering the hydrological annual cycle downstream from the dam, and
affecting the adjacent riparian areas in various ways. Other land uses, like transportation infrastructure,
occupy only a small amount of surface area, but can have widespread effects. For example, railroad
roadbeds can isolate floodplains at a far greater scale than the mere footprint of the railroad as they run
for miles adjacent to the river acting as a dike or levee and preventing normal flood processes. Because it
is not the conversion of acreage itself, but the effect on other river processes, this type of land use effect
is addressed in the following sections: hydrology, hydraulics, geomorphology, and biology.

The examination of land use change and conversion in this section is focused on two nested areas of the
Yellowstone River corridor: (1) within the 100-year inundation area, a GIS-modeled area that
approximates the 100-year floodplain; and, (2) within the Total Mapped Area, which encompasses the
100-year inundation area plus 500 meters on either side of the river.

General findings and observed land use trends include the following:

e The Yellowstone Valley, at the beginning of the study period (1950) was overwhelmingly in
general agricultural land use (greater than 95 percent in all regions). Irrigated agriculture was
largely in place, except for Region D and some scattered reaches in other regions

e Region PC, which includes the entirety of Park County at the upper end of the study area, began
to evolve into a socioeconomic base that showed the influence of its place in proximity to
Yellowstone National park, its recreational opportunities along the river and in surrounding
national forests, and its scenic setting. Agricultural land use dropped by 15 percent overall and
irrigated agriculture declined by almost 50 percent. Those land uses were replaced by exurban
residential developments along the river and urban expansion near Gardiner and Livingston.

e Region A, begins at the Park County — Sweet Grass County line and ends at the mouth of the
Clarks Fork River in Yellowstone County. It exhibits some of the agricultural loss characteristics of
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Region PC along the upper third of the region and, in its last two reaches as it nears Laurel, the
beginning of the long stretch of the corridor that supported row cropping (like corn, sugar beets,
soy beans). Much of the land use in upper Region A remained in ranching, but ownership has
consolidated to some degree, with many new owners coming from out of state. At the
downstream end of this region most of the land remained in irrigated agriculture, but subdivisions
also appeared as exurban development spread where the influence of Billings turned many
developments into bedroom communities commuting to jobs in the greater Billings area.

¢ Region B, from the Clarks Fork River to the Bighorn River, shows sharp contrasts in land use
conversion. Between 1950 and 2011, an urban/exurban mix came to dominate the first three
reaches of the region nearest to Billings. But beginning with reach B4, there is an abrupt switch to
irrigated agriculture, which remains the dominant land use from its established base in 1950. That
land use increased slightly to the end of the region by 2011.

o Region C is the largest region both in area (nearly 150,000 acres, Total Mapped Area) and length
(148 river miles). The region runs from the mouth of the Bighorn River to the mouth of the Powder
River in Prairie County, and it is consistently in agricultural land use from top to bottom. In fact
irrigated agriculture is within 250 acres of 42,000 acres at both 1950 and 2011 within the 100-
year inundation zone. The only slight departures from this pattern of agricultural land use were at
the only communities of size in this region, Forsyth and Miles City.

e Region D begins at the Powder River and runs to the confluence of the Yellowstone and Missouri
Rivers in extreme northwest North Dakota. General agriculture and irrigated agriculture are the
dominant land uses. Region D is home to two Bureau of Reclamation irrigation districts, at both
the upper and lower ends of the region. This region had the greatest amount of agricultural land
use change, adding nearly 10,000 acres of irrigated agriculture between 1950 and 2011, of which
the major source was previously non-irrigated agricultural land use.

¢ Irrigated agriculture land use conversion has had the largest effect on the river corridor,
converting some 90,526 acres of land within the 100-year inundation zone in 2011 by leveling the
land surface and planting monotypic crops on those acres. Its effect is most critical in the mapped
Channel Migration Zone (CMZ), where a relatively small percentage of land conversion (with
associated bank armor or other structures) can stop the fluvial and floodplain processes that
renew both river channel and its associated natural vegetation and fish and animal habitats.

e Large areas of the valley are in land use classified as non-irrigated agriculture. These lands are
generally used for grazing, and depending on the intensity of grazing use, retain the remaining
areas of natural vegetation and native wildlife habitat. As such they are a valuable resource for
maintaining a sustainable river environment sharing socioeconomic use of the valley with native
vegetation and wildlife habitat.

e In aggregate, urban and exurban developments are a small contributor to land use conversion
along the river as a whole, but have affected localized areas such as the first three reaches and
the city of Billings in Region B and nearly half of the reaches in Region PC. In some cases the
amount of acreage converted to urban or exurban land use in a single reach far surpasses the
extent of agriculture in a comparable reach setting.

e For most of the river, new agricultural conversion has slowed in recent years, except in Region D,
where several reaches show a continuing trend towards more agricultural conversion to irrigation.
Whether it is trend or established condition, conversion to irrigated agriculture is the dominant
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land use in a substantial number of reaches. These conversions have often replaced areas of
formerly natural riparian land cover.

e A new agricultural trend has appeared and grown since 2001. Before 2001, there was very little
use of pivot irrigation in the Yellowstone floodplain or CMZ, as flood irrigation required less dollar
investment. Since 2001, though, pivots have made an appearance at several points along the
valley. This trend is of interest because the investment required to put pivot equipment in place
leads to a greater likelihood that the investment will be protected by armoring the river banks,
thus leading to potentially greater effects on channel migration.

4.2.2 Land Use Change Pre-1950

In order to understand the current mix of land uses in the Yellowstone corridor, it is important to review
the human occupation of the Yellowstone prior to the 1950 start of the study.

Along the Yellowstone River in Montana, human inhabitants prior to the settlement of Euro-American
pioneers were hunters and gatherers and had little to no long term effect on the river valley.

Except for occasional transit across the area by early explorers like Lewis and Clark or intermittent use by
fur trappers in the first half of the 19th century, the Yellowstone River area first began experiencing Euro-
American influence on a regular basis in the 1860s, but their use of the area was still transitory. Both the
Bozeman Trail and the Bridger Trail traversed some of the upper Yellowstone corridor, bringing supplies
from the Midwest to the gold fields, and the first cattle herds were driven north from Texas to as far north
as the Big Dry area north of Miles City. It was not until after the Sioux War from 1876 to 1877 that
meaningful Euro-American settlement occurred in the Yellowstone corridor. The completion of
construction of the Northern Pacific railroad from Minneapolis—St. Paul through Montana to the Pacific
Northwest in 1883 began the era of expansive settlement, although some settlement began occurring
with the short-lived steamboat era immediately prior to the coming of the railroad. The railroad, along with
federal homestead laws, required wood for fuel and encouraged support facilities and promoted farming
and ranching along the length of valley through the last two decades of the 19th century. Still, populations
were small. In 1880 the U.S. Census “counted only 588 people living in the vast area between present-
day Livingston and Miles City. Far fewer residents lived in the rangeland east of Miles City” (Van West
1995).

By 1885, a group of businessmen from Miles City had begun constructing a diversion dam upstream of
Miles City on the Tongue River, and some limited irrigated agriculture began along the south side of the
Yellowstone River (Montana State Engineers Office 1948). A private irrigation company also constructed
a ditch in 1892 to irrigate the area west of Billings (Montana Extension Service 1932). After 1900 the pace
picked up as the newly formed Bureau of Reclamation initiated two substantial irrigation projects
downstream of Billings and near the mouth of the river in extreme eastern Montana and northeast North
Dakota (Dick 1993, 1996). Population growth quickened as well. Billings grew from a population of 836 in
1890 to 3,221 in 1900.

Between government sponsored irrigation projects and private efforts, and notwithstanding the economic
depression in the 1930s and World War Il in the 1940s, by 1950 (the point when this study begins), the
agricultural development of the Yellowstone Valley was largely in place. Only in the farthest downstream
Region D near the Missouri River confluence was there significant growth in irrigated agricultural land use
following 1950.

The railroad portion of the transportation network was also in place long before 1950. The early
development of the Northern Pacific railroad through the Yellowstone corridor was only the first of several
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rail systems to add their footprint to segments of the corridor. The Northern Pacific extended a branch
from Livingston on the main line to Gardiner as an entry to Yellowstone National Park in 1902. Two other
national rail lines had connected to Billings between 1894 and 1906. The Chicago, Burlington, and Quincy
Railroad built into the Yellowstone corridor at Billings, providing a connection to Omaha, Nebraska to the
east and Denver, Colorado, to the south. The Great Northern Railroad along the northern tier of Montana
extended its lines to Great Falls and then Billings to access the Yellowstone River area. Also early in the
twentieth century the Milwaukee Railroad, another transcontinental line, built into Montana entering the
Yellowstone corridor at Fallon and traversing the valley until taking a northwest route at Forsyth (Van
West 1995).

U.S. and state highways gradually connected Yellowstone corridor communities. For much of the early
twentieth century the roads were relatively primitive, but the Yellowstone corridor was completely tied
together by paved highways before 1950.

By 1950, many individual farmsteads existed throughout the Yellowstone Valley, but most communities
were small, and urban-type settlement was restricted within the bounds of those towns and small cities.
Even Billings’ footprint only marginally affected the river corridor. Exurban growth had not begun in this
area, so the rural residential pattern that existed at this time was closely associated with town and city
boundaries and very limited.

4.2.3 Land Use at 1950
1950 marks the earliest complete historic imagery data set for the Yellowstone corridor. As such, it
marks the earliest full understanding of human use of the corridor subsequent to human occupation.

4.2.3.1Irrigated Agricultural Land Use at 1950

By 1950, most irrigated agricultural land use throughout the Yellowstone corridor was already in place.
For the Total Mapped Area, 94 percent of the area was in general agricultural land use. Moving closer to
the river that same percentage applies with about 95 percent of both the Inundated Area and the Channel
Migration Zone (CMZ) were also in general agricultural land use (Figure 4-1).

Focusing on the areas in closer proximity to the river to evaluate irrigation, by 1950, 40 percent of the
100-year inundation area had been converted to irrigated agriculture in the entire river corridor, but there
was variation among the five regions. On the low side, 28 percent of the inundation area in Region B had
been converted to irrigated agriculture and Region PC was also just under 30 percent. At the other end of
the scale, Region C had seen approximately 50 percent of its inundation area converted to irrigation
(Figure 4-2).

Considerable agricultural land classified as non-irrigated agricultural land use remained in 1950 in all
regions along the river in the Total Mapped Area. For the corridor as a whole, that amount is 67 percent
of the total non-irrigated corridor acreage of 233,224, but the single figure masks a 16 percent swing
among regions. The lowest amount was 59 percent of total acreage in Region C, with the highest amount
about 75 percent in Regions PC and B (Figure 4-3).
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Tier 2 Land Use - Percent of Mapped Area By Year and By Region
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Figure 4-1 Major land use categorization in the total mapped area of the Yellowstone River
corridor
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Figure 4-2 Irrigation in the 100-year inundation area, by region
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Total Mapped Area: Irrigated and Non-Irrigated Agricultural Land Use by Region
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Figure 4-3 Comparison of Agricultural Land Uses: Irrigated to Non-Irrigated

4.2.3.2 Other Land Uses at 1950

In 1950, conversions of land to the other principal land uses had a small footprint. Urban and exurban
development converted the greatest amount of acreage after agriculture. They are grouped together for
the 1950 discussion because the amount of urban plus exurban development only amounts to 5,942
acres, or about 1.6 percent of the 369,720 acres in the Total Mapped Area.

The Billings region represents the most acreage in urban and exurban land use in 1950, which is 3.3
percent of Region B’s land acreage of 52,762, keeping in mind that the study area does not cover entire
municipal limits. The other area worth noting for urban/exurban development is Park County. In 1950,
Livingston’s footprint in the study area was fairly substantial at 730 acres, but only 158 acres had been
converted to exurban development in the entire county. Looking at areas closer to the river, the entire
Yellowstone River 100-year inundation area had only 1.4 percent of the land surface devoted to urban
and exurban land uses in 1950 (2,797 acres).

Transportation also was well in place by 1950. As a land use, transportation is only a distant third place to
irrigated agriculture. In 1950, every region was completely crossed by a network of auto roads and
railroads. Yet its acreage footprint in the 100-year inundation area, where it is of most concern, was not
more than 1.1 percent in any region (ranging from 0.4 percent in Region D (410 acres) to 1.1 percent in
both Region PC and Region A, at 153 and 358 acres, respectively).t

The small amount of land use conversion belies the overall effect of the transportation system on the
valley however. Refer to later sections in Chapter 4 that detail how transportation affects aspects of
hydrology, geomorphology, and the riparian vegetation systems and their relationships to transportation

1 The apparent discrepancy in amount of acreage compared to percentage is explained because the Regions vary
significantly in river and valley miles; thus, the acreage in Region PC represents a larger part of a small area than

does the acreage in Region D. Regions were selected for other factors than distance, including biological makeup
and intersection with major tributary drainages.
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features. The direct impact of building roads and railroads is the conversion of a narrow but continuous
strip of land use for the prism that makes up the roadbed for any transportation component—railroads,
public highways, and the federal interstate highway system. These road prisms have secondary impacts
to their surroundings, by forming dikes that prevent floodwaters from accessing floodplains, through the
accidental protection provided to other land use activities, and by encouraging greater development of
irrigated agriculture fields, housing, and industrial development close to the river banks. Another
secondary effect includes eliminating the river processes that renew riparian systems along the river by
not allowing flooding and seed spread from the river to the floodplain and preventing new soils from
forming from flood events, again by isolating the floodplain.

The railroad is demonstrably the largest contributor to these effects. With the rigidity of its tracks and the
number of heavily loaded cars moved by engine power, the railroad has sought the least gradient that it
can feasibly use for construction. This has led to long mileage of tracks as near the river as can be made
feasible, and thus the dikes formed by the raised roadbed affect large acreages of floodplain. Extensive
modification of river channels is also created to protect the bankside railroad tracks.

Highway systems are much more flexible in design and have not followed the river to nearly the same
extent. In most cases, the greatest impact occurs at bridges where the road crosses the Yellowstone
River. See Appendix 1 (Land Use) for an example analysis of the difference in river proximity for railroads
versus roads.

4.2.4 Post-1950 Land Use Trends

Agriculture, considered over the total mapped area of the Yellowstone River corridor, has been the major
economic driver of life along the river. As the valley moved on from 1950 it began to diversify in some
areas, principally in the upper three regions of the river. While 94 percent of the land (347,445 acres)
along the entire valley was in some form of agriculture in 1950, with only small regional differences, by
2011 only Regions C and D maintained such a high degree of agricultural land use. The changes show
that Region PC and Region B are becoming more diverse. As Region PC became an economy more
oriented to amenity values such as recreation and tourism, agricultural land use dropped over 15
percentage points relative to its 1950 status. While Region PC is the smallest in total acreage within the
river corridor, meaning that the actual acreage in agricultural use dropped only about 5,700 acres, nearly
all of that acreage, or 4,200 acres, was converted to urban and exurban land use, changing the character
of the valley from its agricultural roots. Region B containing Billings, the largest urban concentration in
Montana, moved a different direction, becoming more urban. It saw 12 percent or 5,899 acres converted
from agricultural to urban, exurban, and transportation uses. Region A stayed more rural than the Region
PC, with over 87 percent of its land surface remaining in agricultural use.

4.2.4.1 Agricultural Land Use Change in the 100-year Inundation Area
The Inundation area was developed using a GIS-based model that approximates the 100-year floodplain.
It is assumes that all dikes and levees are permeable, and thus contains areas of historic floodplain that
would not be in a traditional hydraulic floodplain model. The Inundation area should not be confused
with the 100-year floodplain hydraulic model developed for this study. Additionally, the Inundation area
has no regulatory application.

For the uppermost two regions, PC and A, there was a substantial loss of irrigated agricultural land within
the Inundation area. Starting from an already small total of 2,537 acres of irrigation within the inundation
area, the Region PC acreage in irrigation dropped by nearly half to 1,406 acres by 2011. In the larger
Region A, the percentage change was less dramatic, but it involved about the same number of acres of
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change. In 1950, irrigated acreage in Region A was 10,085 acres, but dropped to 8,733 acres by 2011.
Figure 4-2 shows a clear trend of declining irrigation in both regions.

Within the 100-year inundation area, it is interesting to note that the change trends are concentrated in
individual reaches of the river. In Region PC the large acreage losses were concentrated in 5 of the 21
reaches, and accounted for 1,069 of the 1,131 net acres lost in that region. Those included reach PC7
(near the small communities of Emigrant and Chico Hot Springs Resort) and PC10 (near Pine Creek in
the Paradise Valley portion of the region), an area highly regarded for amenities like Chico Hot Springs,
spring creek fisheries near Pine Creek, and the general beauty and striking scenery of the surroundings.
Other large acreage losses occurred in three reaches just downstream from the city of Livingston and are
noted for subdivision development.

The declines in agriculture were not limited to irrigated agriculture. The non-irrigated agricultural land also
declined, and more consistently than the irrigated land. In contrast to the 5 reaches experiencing irrigated
agricultural losses, 12 reaches had declines in non-irrigated lands. Declines in both irrigated and non-
irrigated agricultural land use between 25 and 35 percent can be seen in several reaches of Region PC in
Figure 4-4.
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Figure 4-4 Changes in Agricultural Land Use in Region PC, 1950 — 2011

These declines in irrigated agricultural land use are largely replaced by gains over the 60-year study
period in urban and exurban development. While there is a clear and steady trend of declining irrigation
land use, it is replaced by an opposite trend of population growth and urban/exurban expansion in the
same reaches. See the urban/exurban section for further detail of these trends.

Region A, which also lost irrigated agricultural lands (down 1,352 acres), shows no clear cause. Nearly all
of the 18 reaches lost irrigated acreage (ranging from 24 to 279 acres), with only 3 reaches gaining a total
of 110 acres. Reach A6, which lost 279 acres of irrigated land, gained 105 acres of exurban development
and 105 acres of non-irrigated land. There also was no clear trend of when the change in relative
acreages occurred. In some cases, it happened by 1976, but in others it only happened by the 2000s.
One possible explanation is a change in ownership from primarily family ranches depending on hay for
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livestock feed to many less than full-time resident ownerships from out-of-state, which has lessened the
dependence on irrigated hay. These property purchases have occurred only as properties have become
available for sale, and this may explain the lack of a uniform trend. For the most part the ownership
change has not been accompanied by exurban development. Only three reaches, A6 (three reaches
down river from Big Timber), A13 (which includes the town of Columbus), and A18 experienced significant
acreage gains in urban/exurban area.

The A18 exurban development occurred in the last reach of the region, which is within 12 miles of Billings
in Region B. The lower part of Region A has been part of the urbanization process occurring in and
around Billings, and serves as bedroom communities for commuters to the Billings job market.

Further down river there has been little conversion of agricultural lands to other uses within the Inundation
area. In Regions B and C, slight increases in irrigated agriculture occurred in the 100-year inundation
area but only as small percentages. These changes can be seen in Figure 4-5 and Figure 4-6.

Region B follows the general trend seen in the lower Yellowstone corridor, where agriculture is the major
land use. Region B has only two reaches where irrigated agricultural lands have lost acreage: B2 and B7.
B2 is associated with the main part of the city of Billings and lost 259 acres of irrigated land, which was
98.2 percent of the irrigated land in the reach. That shift occurred by 1976, after which there has been
essentially no change in this land use category. In most reaches in this region of the Yellowstone, gains in
irrigated acreage are relatively small and may represent small changes in agricultural emphasis over the
years. Irrigated agriculture reached its greatest extent by 2001 but had lost acreage by 2011.

Region C saw a slight increase in irrigated agricultural acreage within the Inundation area over the 60
years of the study. Reaches or clusters of reaches that gained irrigated agricultural acres alternated with
other reaches that showed a loss in irrigated acreage. In most cases, these gains and losses alternated
with non-irrigated agricultural lands, which often gained when the irrigated lands had losses and lost
when the irrigated lands had gains. An independent variable was the amount of acreage eroded by river
channel migration, which often balanced the loss/gain imbalances in agricultural lands. In fact, over the
21 reaches of Region C, the net acreage gained by irrigated land in the Inundation area was 358 acres,
while the same 21 reaches saw a net gain of 1,175 acres of non-irrigated agricultural land. At the same
time there was a loss of 1,351 acres of channel. The total change, therefore, interplay among channel,
non-irrigated agricultural lands, and irrigated lands, was 2 acres. Thus not much change occurred in the
relationship between agriculture and the river over this region. The two obvious declining reaches for
agricultural lands are C10 and C17 and are explained by increases in urban and exurban land use
associated with the towns of Forsyth and Miles City.

While there is stability in this region, Figure 4-6 graphically shows one area where several reaches
exhibited a high level of irrigation land use. Of the 21 reaches in the region, eight have converted over 50
percent of the inundation area to irrigated agriculture, and six are over 60 percent converted to irrigation.

There are several reaches in this region that have a greater range of channel complexity, islands, and
riparian forest. These reaches could be beneficial in sustaining native vegetation and natural habitat with
attention to side channel preservation and minimization of encroachment. Reach C7 contains one of
these areas, pictured in Figure 4-7. The figure indicates the wide meandering channel in the non-colored
area, while the yellow depicts non-irrigated agricultural land, showing that much of the area is not irrigated
(irrigation is shown in green).
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Figure 4-5 Changes in Agricultural Land Use in Region B, 1950 — 2011
Note: Reach B2 where all irrigated land use had been eliminated by 1976 within the Inundation area. Also note that in Lower Region B there is some growth in
irrigated agriculture, but displaying the non-irrigated changes mask that trend.
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Figure 4-7 Reach C7 Also known as Mission Valley; a particularly complex reach with
preserved riparian forests and channel movement potential

Region D experienced a substantial increase in irrigated agricultural land within the Inundation area,
increasing 10,743 acres over the 60-year study period; roughly a gain of one-third in irrigated land area.
As noted earlier in the land use section, agricultural land has been the dominant land use at over 95
percent since 1950, so the gains in irrigation came from conversion of non-irrigated agricultural lands,
often through riparian clearing.

The counterpart to the agricultural expansion is loss of native vegetation and habitat. Region D has some
of the most complex reaches of the river, with formerly wide expanses of complex riparian forest that
experienced a trend of continued loss of riparian forest to agriculture land use from 1950 through 2011.
As Figure 4-8 shows, irrigated agriculture land use increased to 60 percent of inundation area in 2011 for
the final five reaches of the Yellowstone, with Reach D at 80 percent.

As opposed to the floodplain in Region C, where losses and gains in agricultural acreage within the
Inundation area almost cancel out, Region D has only one reach that lost irrigated acres in the last 60
years and two other reaches that had gains of nearly 300 acres of irrigated agricultural land. The
remaining 13 reaches had gains greater than 300 acres (some significantly higher). The first three
reaches of Region D are within the Buffalo Rapids Irrigation District, a Bureau of Reclamation project, and
averaged a gain in acreage of nearly 530 acres each. This district also saw considerable additional
improvement in pumping capacity and field delivery capacity due to investment by the USBOR and NRCS
in the years around 2000.

At the lower end of Region D, the final five reaches, D12 through D16, experienced significant growth of
irrigated acreage in the Inundation area totaling 5,403 acres or almost half of the total gains in the region.
The final three reaches averaged a gain of 1,800 acres each. Again, these reaches are part of a Bureau
of Reclamation project, the Lower Yellowstone Irrigation Districts.
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Figure 4-8 Changes in Agricultural Land Use in Region D, 1950 — 2011
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The remaining growth in irrigation use fell in between these two extremes. Seven of the remaining ten
reaches saw significant irrigation acreage growth, between 359 and 688 acres in each reach. Two of the
other three experienced growth as well (albeit small numbers): 111 acres in Reach D9, the location of
Intake Diversion serving the Lower Yellowstone Districts, and D13, in which the town of Sidney is located
just out of the river corridor but has significant industrial facilities (a coal-fired electrical generating plant,
and a sugar beet factory located near the river occupying over 120 acres). The remaining reach, D11,
saw a drop of 8 acres of irrigated agricultural use in the 60-year study period. That reach, along with D12,
is home to two significant wildlife management areas on the lower Yellowstone, Elk Island, and Seven
Sisters, which have maintained the majority of the immediate floodplain in natural riparian vegetation.

The federal Bureau of Reclamation irrigation projects in Region D are associated with most of the gains in
irrigated land the north and west bank on through Reach D6 into the Glendive area. The pumping plants
for this last major project to be developed by the Bureau were not completed until 1950 and build out of
the principal canals occurred in the first few years of the 1950s.

The largest irrigation project on the Yellowstone River is the Lower Yellowstone Irrigation Project, one of
the Bureau’s first five projects in the U.S. The project area begins with Intake Diversion Dam in Reach D9
and delivers water to about 55,000 acres on the west side of the Yellowstone, ending at the confluence
with the Missouri River in North Dakota. In these lower reaches of the Yellowstone, besides the federal
investment in irrigation, the sugar beet factory at Sidney has provided a significant incentive to invest in
irrigated agriculture since its construction in the 1920s. This combination of factors created the longest
stretch of agricultural investment on the Yellowstone in the latter half of the twentieth century. With the
major increase in acreage following 1950, Region D has reached approximately the same amount of
agricultural development in the inundation area in terms of percentage as the rest of the regions had
achieved prior to 1950.

4.2.4.2 Agricultural Land Use Change in the Channel Migration Zone (CMZ)

The Channel Migration Zone (CMZ) defines an area of likely river occupation over the next 100 years due
to either channel migration or avulsion processes. While the Inundation area represents areas likely to get
wet at a 100-year flood, the CMZ represents the hazard of losing land due to river movement.

In all five regions irrigated agriculture land use in the CMZ follows the same pattern as in the inundated
area. In the reaches where irrigated agricultural use was heaviest in the inundated zone, irrigation also
encroaches into the CMZ in the same reaches, although the degree to which it encroaches is not always
to the same intensity. More detailed discussion of the land use within the CMZ can be found in
Appendices 1 and 4 (Land Use and Geomorphology).

Region D is an example of a new trend appearing in irrigation along the Yellowstone, mainly since 2001,
at least in areas close to the channel. Prior to 2001, there was very little pivot irrigation in the CMZ.
However since that time it has begun to appear. Pivot irrigation requires considerable investment in
mechanical apparatus, and when placed in the CMZ it faces threat of being affected by the migrating
channel. In many reaches of the river, high investment costs encourage bank armoring, thus interrupting
the fluvial and riparian processes that maintain the sustainability of the river. Figure 4-9 shows the recent
appearance of pivot irrigation in the CMZ. Figure 4-10 and Figure 4-11 show examples from reach D10
where irrigation has encroached on the river within the CMZ, and has been converted to pivot on the
edge of the channel. Some erosion into this pivot irrigated field has already occurred. The source of
Figure 4-10 is the 1950 aerial photography, while Figure 4-11 is from 2011. The dashed red line on the
left (west) side of the photo can be used to orient the reader to the conversion of the riparian vegetation to
agricultural land use. Note that these figures also show extensive riparian clearing, as well as a blocked
side channel to the left of the river mile 58 marker.
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Figure 4-10 1950 Vie of a Portion of Reach D10 Showing predominant Riparian Forest Land
Cover Immediately Left of the River Mile 58 Mark
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Figure 4-11 2011 View of Reach D10 CMZ Location Shown in Figure 4-10
Note: River Mile Mark 58 and the land use adjacent to it, with pivot irrigation next to the river bank
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4.2.4.3 Land Use Change Related to Transportation

Within the 100-year inundation area, transportation land use was below 1 percent in 1950, occupying
2,538 acres. Even the addition of the interstate highway system which runs through the valley for
hundreds of miles (except for the topmost reaches of the river from Yellowstone Park to Livingston and
bottommost reaches from Glendive to the confluence with the Missouri River), only brings up the land
occupied by transportation systems to 1.1 percent or 3,126 acres.

However, the small amount of area covered by transportation facilities and roadbed does not reflect the
real impact of transportation and particularly railroad roadbed. The railroads were built as close as
possible to the river because that kept the gradient at the minimum possible, an advantage to long
heavily-loaded trains, saving on fuel and keeping locomotive power to a minimum.

The roadbed near the river often acts as a dike or levee, in effect preventing the river from flooding
beyond the railroad line. It also has the effect of isolating the floodplain and preventing the river’s access
to the lands it needs to replenish riparian vegetation, dissipate floodwaters, and deposit new soils to the
riparian area. The effects of floodplain isolation are covered in more detail in Sections 4.5 and 4.7.

Between 1950 and 2011, there were only two substantial changes to the transportation infrastructure.
First, in the 1960s and early 1970s the interstate highway system was constructed through Montana.
Although it features continuous, parallel, roadbeds accommodating four lanes of traffic with minimized
grade differences, i.e., major amounts of cut and fill to minimize grade changes, it was built outside of the
influence of the Yellowstone River for the most part. There are only localized instances where there are
specific effects on the river, such as highway bridges over the Yellowstone. Two of these bridge
complexes do create problems with the river, at Livingston where the grade to the bridges has left only a
narrow gap for the river to pass and for access roads to the inhabited Ninth Street Island and at Glendive,
where the bridge grade has blocked a formerly active side channel. For most of the interstate routes
along the Yellowstone, the twin grades are at considerable distance from the Yellowstone floodplain.
Where they are closer to the river, in all instances except for bridges, the interstate highway right-of-way
is on the valley edge side of the railroad right-of-way and does not directly influence the river’s flow.

Second, the abandoned Milwaukee Railroad follows the Yellowstone River from Fallon to west of Forsyth,
a distance of 114 river miles (River Mile 131 to River Mile 245) and affects parts of reaches in Regions C
and D (C9 through C21 and D1 through D2). Soon after it enters the river corridor in reach D2, it crosses
the major railroad in the river corridor (the Burlington Northern Santa Fe) and thereafter is nearer the river
whenever it runs on the south side of the Yellowstone River, which it does for 12 miles near Terry and
again for 17 miles near Miles City. Even though the Milwaukee Railroad went bankrupt in the late 1970s
and was abandoned in the 1980s, it still acts as a dike for many miles of its former rail bed. The portion of
the valley east of Forsyth is particularly problematic where the former railroad is located close to the river
from Forsyth downstream for about 40 miles on the north side of the river. In the land use mapping done
for the river, the abandoned rail line is not classified as a transportation feature due to its abandoned
status, but its floodplain isolation effect remains.

4.2.4.4 Land Use Change Related to Urban and Exurban Development

There is little effect of urban and exurban land use conversion when considered in the context of the
entire river corridor and the Total Mapped Area. As described earlier in Section 4.2, in 1950 nearly the
entire corridor was rural, with the only community showing much expansion beyond mapped city limits
being Billings in Region B. The combination of urban and exurban land use conversion only occupied 1.6
percent of the Total Mapped Area for this study. By 2011, the lower regions of the river had not changed
much, having converted only 2.4 percent (5464 acres) of the Total Mapped area in Regions C and D

102
Primary River Element Cause-and-Effect Analysis Land Use Change



Yellowstone River Cumulative Effects Assessment December 2015

together to urban and exurban land use. However, along the upper Yellowstone River, particularly in
Regions PC and B, increased markedly (and because much urban/exurban growth has occurred outside
the Total Mapped Area of land use, the total change in land use attributable to urbanization is probably
understated). Even limiting analysis to the study area, land use conversion to urban and exurban use in
these two regions jumped from about 3 percent of the regions study area (2600 acres) to 15 percent in
Region PC (5085 acres) and 13 percent in Region B (6689 acres). As with other land uses, by 2011
Region A had only experienced moderate growth in urban/exurban land use conversion, from 1 percent of
the Total Mapped Area to 5 percent.

The 100-year inundation area highlights the change between 1950 and 2011. In 1950, the timeline for the
beginning of this study, there were essentially no large subdivisions along the river between the major
communities. In the 100-year inundation area, the largest concentration of urban/exurban development
was found in Regions B and C, comprising 2,326 of the total 2,797 acres of either urban or exurban
development along the entire river, with the 2,797 acres representing about 2 percent of the inundation
area in 1950. The entire corridor was distinctly rural with only 420 acres of exurban development and all
of that on the outskirts of the major towns of Livingston, Laurel, Billings, Forsyth, and Miles City. Even in
1950, Billings dominated its part of the corridor with 210 acres of inundation area converted to exurban
development.

Upper River

The Upper Yellowstone River regions PC and A differ distinctly from the remainder of the river after 1950.
These regions experienced a substantial loss in irrigated agriculture acres. In Region PC, those
agricultural land use acres were replaced in large part by urban and extensive exurban development. The
exurban development is not dense relative to that experienced in many parts of the United States. But it is
extensive in that the developments are large acreage lots and extends intermittently from Gardiner at the
top of the region to below Livingston, a distance of 74 river miles.

The most extensive exurban developments have occurred in Park County (Region PC). Overwhelmingly
that change in land use has occurred since the beginning date of the study of 1950. In 1950, there were
only 39 acres of inundation area exurban development in the entire PC region, and that acreage barely
registers as a fraction of the total PC Region inundation area (e.g., 0.3 percent). By 1976, the trend of
change in land use was well underway, having grown by a factor of 10, with 379 acres of exurban land
use conversion. That acreage had almost doubled again by 2001 at 652 acres and in the 10 years to
2011 grew another 18 percent to 768 acres. Those acreages represented a range of 0.7 percent of
Reach PC4 to 39.3 percent of PC13 (100-year inundation area). See Figure 4-12 to view the percentage
growth in the inundation area.

The 1,038 acres of urban/exurban development in Region PC replaced most of the loss of 1,406 acres of
irrigated agriculture in the inundation area, both having occurred over the 60-year study period. The
relative percentage of total urban versus exurban acres illustrates the change in land use conversion and
nature of land use in Region PC. In 1950 urban acres dominated the category, i.e., 83% of all urban and
exurban lands were urban in nature; by 2011 the situation had almost reversed and exurban land use
acres dominated, at 80% of the category.
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Region A is similar to Region PC, in terms of acres of inundation area converted to urban/exurban. That
change was from a 1950 total of 100 to 701 acres in 2011, or from 0.5 to 3.4 percent of Region A. The
major differences from Region PC include (1) irrigated agricultural land reduction of 1,302 acres, which
does not balance out with the gain of 601 acres of urban/exurban land use, and (2) essentially all of the
urban/exurban growth is related to the towns in Region A, with the growth increasing downstream. Of the
601 acres total floodplain urban/exurban growth 261 acres occurred around Laurel at the downstream
end of the region. No reach in Region A exceeds 21 percent urban/exurban development of its inundation
area.

Middle River

Region B extends from the mouth of the Clarks Fork River to the mouth of the Bighorn River, all in
Yellowstone County. From a socioeconomic aspect, there is an abrupt end to the upper river land use
pattern at Billings. Everything downstream from Billings has land use patterns similar to the lower river
and is concentrated on agricultural land use. Billings itself, however, is the largest urban area on the
Yellowstone River and also in Montana.

Billings is not only reflective of the dominant river land uses - agriculture and transportation and
urban/exurban housing growth - it has achieved its urban status because it is also a city with ties to the oil
and gas industry, has a significant medical community, and is a regional retail and convention events
center. As such, its growth has far outstripped the rest of the river communities. Keeping in mind that the
valley widens as it reaches Yellowstone County, the city was originally centered on the rail line that has
its facilities well away from the river. Billings thus extends far beyond the limits of the Total Mapped Area
for this study. Even with that setback from the river, urban land conversion at Billings still covers a
significant area of the 100-year inundation area. The city has grown steadily over recent census periods,
and there is a trend of continuing impingement further into the inundated area and Channel Migration
Zone (CMZ) up and down the river.

Billings’ urban development now occupies portions of the 100-year inundation area in three river reaches
(Reaches B1 through B3). In 1950, only 355 acres of inundation area had been converted to urban use.
By 1976, there had been about a 400-percent jump in floodplain conversion to urban use (1,272 acres),
and urban conversion has continued to add acres along the inundation area (to totals of 1,623 acres in
2001 and 1,840 acres in 2011). In contrast, Miles City (145 miles to the east in Region C), which is more
centered on the river, shows the general pattern in eastern Montana. Miles City occupies two reaches of
Region C, C16 and C17. In 1950, urban use of the inundated area totaled 1,150 acres; in 2011 that had
only grown to 1,337 acres.

Livingston, located along the Upper Yellowstone in Reaches PC 14 through PC16, while exhibiting growth
expected in a community that is in a growing tourist and amenity landscape, saw urban use change from
264 acres in 1950 to 361 acres 61 years later in 2011. Clearly, Billings is the community on the river that
has affected more acres and more miles of the river. Billings continues to show the characteristics that
has caused its growth from its beginnings: transportation hub, agriculture center for equipment and crop
processing, regional retail center, ever growing medical center, and though periodic, center for support
facilities relating to mineral development.

All three of the Billings reaches have shown tremendous growth over the length of the study period within
the inundated area. In 1950, both Reaches B1 and B3 urban and exurban areas occupied less than 5
percent of their reaches. By 2011, those same reaches had urban/exurban occupation of 20 and 32
percent, respectively, and both showed a continued steep upward growth curve. In Billings itself, the
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urban growth curve was even steeper, and urban/exurban development had grown from 25 percent of the
inundation area in 1950 to 74 percent in 2011.

Near Billings, there has been an extraordinary amount of incursion into the CMZ of the Yellowstone River
in Reaches B1, B2, and B3. The three reaches show a similar growth curve to the same three reaches in
the inundation area. Reach B1 had moved from exurban occupation of about 1 percent of the reach in
1958 to about 9 percent in 2011. However, other development land uses like transportation and
agricultural infrastructure bring that total up to about 16 percent.

Reach B2 shows the greatest growth rate and incursion into the CMZ. Urban and exurban conversion of
CMZ acres was about 12 percent in 1950. That total rose to 44 percent in 1976, with most of the
conversion moving from exurban to urban. Associated transportation added 2.5 percent to that total. All
development was either urban or transportation in Reach B2, and the incursion into the CMZ had grown
to 40 percent of the reach. Change occurred even more quickly in the ten years between 2001 and 2011,
and occupation of the CMZ increased to 88.5 percent. Very little native vegetation or habitat remained in
Reach B2 by 2011.

Below Reach B4 the valley rapidly becomes largely agricultural because of the presence of the Bureau of
Reclamation Huntley Irrigation Project. However, there are three communities associated with the project
as well as some small exurban carve-outs within the irrigation project. Nevertheless, by the east end of
Huntley, just six miles east of Reach B3, urban and exurban development has nearly disappeared. The
lower B reaches show the dramatic change from urban and exurban land use in the inundation area to
agricultural land use. Similar to the other lower river regions, the agricultural land use category stays
stable or grows between 1950 and 2011. See Figure 4-13 to view the percentage growth in Region B.

Lower River

The lower two regions (C and D) experienced little urban expansion between 1950 and 2011. Glendive is
something of an anomaly, having grown from 39 acres of urban development in the 100-year inundated
area to 329 acres between 1950 and 1976, and then slowed, with an increase only to 414 acres through
2011. This is almost certainly due to the routing of Interstate Highway 94 completed in the 1960s, which
skirted the floodplain to the west of Glendive, until it reached a point just north of the city, and then turned
east to cross the river. The massive and extended twin-graded fill used to meet the elevation of the bridge
cut off a Yellowstone River side channel and effectively provided a protective dike on the north side of the
city. That completed protection of the floodplain on all sides as a levee to the east and an elevated
railroad grade and valley highlands to the west and south protect other areas of Glendive’s immediate
floodplain from flood waters. After completion of the Interstate, almost 300 acres of urban expansion
occurred, mainly in industrial and commercial development.

Miles City is typical of eastern Montana. The 1,177 acres its urban area encompassed within the study
area in 1950 remained nearly static through 2011 at 1,212 acres, influenced only slightly by interstate
highway access points to the west and south of the city. Forsyth, the other community of any size that is
located adjacent to the river, follows much the same pattern. In 1950, its urban area covered 484 acres
rising moderately to 728 acres in 2011. Its role as a coal train make up and crew division point probably
accounts for its expansion.

Forsyth, Miles City, and Glendive comprise 2,781 of the 3,250 acres of urban/exurban development in the
100-year inundated area in 2011. In these lower river C and D regions, urban development accounted for
only 4.1 percent of the inundated area. (Note: The data for this section were last collected in 2011 and do
not reflect the growth occurring in northeastern Montana as a result of the Bakken oil development.)
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Figure 4-13 Urban and Exurban Land Use Growth in Region B
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Exurban development in the 100-year inundated area is hardly discernible for Regions C and D, even in
2011. From a base of 122 acres in 1950, which is less than 0.1 percent of the floodplain, there was
steady but small growth through the next 60 years. In 2011, the exurban acreage was 834 acres for these
regions, which is still only approximately 0.5 percent of the inundation area.

4.2.4.5 Off-Corridor Impacts

Off corridor land use decisions have some influence on the river corridor, but have not been specifically or
regionally measured except in the case of irrigated agricultural activities’ water withdrawals, which are
cumulatively measured at the points where the significant tributaries intersect with the mainstem of the
river in Montana.

From up-river to down, the following is a list of off-river land uses that have at least indirectly affected the
Yellowstone River and valley:

1. Yellowstone National Park. The national park presently attracts about 3 million visitors per year.
With similarities in scenery and comparable trout fishing to the national park, the river vicinity has
attracted permanent residents and second-home owners in the Yellowstone Valley at least as far
downstream as Regions PC and A.

2. lrrigated agricultural land. Irrigation off the mainstem adds to the total of water withdrawals on the
mainstem. These withdrawals are measured only as the tributaries enter the mainstem, and thus
are accounted for as a single amount for each tributary where the effect is great enough to be
measurable in the Yellowstone River numbers. See Section 1.1.1.1 for an analysis of the effect of
irrigation withdrawals.

3. Yellowtail Dam. This dam is the first dam upstream of the Yellowstone on the Bighorn River and
is one of three large upstream dams. As it controls the entire flow of the Bighorn at its location
and has flood control and hydroelectric power as its major purposes, it has a significant effect on
river flows and water quality below the Bighorn/Yellowstone confluence. See Section 4.3 for an
analysis of dam-caused changes to river Hydrology.

4. Tongue River Dam and Reservoir. This dam is located 178 miles upstream from the Yellowstone
and is used primarily to store irrigation water for downstream users. Its effect on the Yellowstone
is seen in the analysis of water withdrawals in the Hydrology and Hydraulics sections.

5. There are significant open pit coal mines that serve four coal-fired electric power plants at
Colstrip, Montana, south of Forsyth. These plants withdraw water from the Yellowstone for
cooling and processing purposes. Withdrawals are analyzed in the Hydrology and Hydraulics
sections.

6. After 2011, major use of hydraulic fracturing in oil and gas extraction had begun to create
demand for water withdrawals in the Bakken oil field of northeast Montana and northwest North
Dakota. Those water demands have not been addressed in this study, as they occurred after the
final data collection point of 2011.

4.3 Hydrology

The following chapter summarizes the effects of human development on the hydrology of the Yellowstone
River. A summary of the analyses performed in this investigation is contained in Appendix 2 (Hydrology).

108
Primary River Element Cause-and-Effect Analysis Hydrology



Yellowstone River Cumulative Effects Assessment December 2015

4.3.1 General Hydrologic Setting

The hydrology of the Yellowstone River is sustained by the drainage of about 71,000 square miles of
watershed area in Montana and Wyoming. The watershed is strikingly asymmetric; all of the river’s major
tributaries enter from the south including the Boulder, Stillwater, Clarks Fork, Bighorn, Tongue, and
Powder rivers. Most of these rivers originate in Wyoming and flow north to join the Yellowstone

(Figure 4-14).

Physiography of
Yellowstone River Basin
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Figure 4-14 Physiography of the Yellowstone River Basin (Montana DNRC, 2014)

The average annual volume of water measured leaving the basin at Sidney is about 7.7 million acre-feet.
It has been estimated that about 2.4 million acre-feet of water are consumed in the basin every year, such
that the total volume produced in the watershed is about 10 million acre-feet of water per year (Montana
DNRC 2014). Of that 10 million acre-feet, 4.6 million acre-feet originates in Wyoming Figure 4-15).
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Figure 4-15  Average annual flow accumulation of the Yellowstone River and its major
tributaries

4.3.1.1 Yellowstone River Flood History

The Yellowstone River is capable of producing extreme floods both due to snowmelt driven runoff in the
upper basin and individual storm events in the plains segments of the lower watershed. Ice jam-related
flooding is also common. As such, it is uncommon to have a single flood affect the entire river. Since the
early 1940s, the only years that every stream gage on the mainstem Yellowstone recorded an event in
excess of the 10-year flood are 1943 and 2011 (Figure 4-16 and Table 4-1). In 1943, however, the high
flows in the lower river at Sidney occurred in March, and the high flows in the upper river peaked in June,
indicating two discrete flood events. During the spring 2011 flood, all of the mainstem and tributary gage
records, with the exception of the Bighorn River at St Xavier, exceeded the 10-year event. Even that
event was spatially complicated however; the Tongue and Powder Rivers peaked in late May and the
upper basin peaked in late June. The 2011 flood was especially notable for both its magnitude and its
duration; at many locations the 10-year flood discharge was exceeded for weeks. The 2011 flood was the

peak flow of record at Livingston, exceeding a 100-year event (40,600 cfs on June 30). At Miles City and
Sidney, the 2011 flood was between a 10- and 25- year event.
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Figure 4-16 Flood events with discharges exceeding a 10-year return interval, Yellowstone River corridor
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Flood
Frequency at

Table 4-1

Yellowstone River Major Flood History

Flood
Frequency at

Flood Frequency at

Tributaries
Flowing at >10

Primary Area of

Livingston

Miles City

Sidney

year event

Flooding

1943 Q10-Q25 Q10-Q25 Early season Q25- Bighorn Two floods; March
(30,600 cfs on (83,700 cfs on Q50 (132,000 on in lower river and
June 20) June 26) March 29) June in upper river
1944 <Q10 Q50-Q100 Q10-Q25 (120,000 Stillwater, Billings and Lower
(96,300 cfs on on June 21) Powder, and
June 19) Bighorn
1952 <Q10 < Q10 Q25-Q50 (138,000 Powder Sidney
cfs on March 31)
1967 <Q10 <Q10 <Q10 Stillwater, Clarks Billings
Fork, Bighorn
1971 Q10-Q25 year < Q10 <Q10 Boulder, Tongue Livingston
event (29,200 (Feb)
cfs on June
23)
1974 Q50-Q100 Q10-Q25 <Q10 Boulder, Stillwater Livingston to Miles
(36,300 cfs on (75,400 cfs on City
June 17) June 22)
1975 <Ql10 < Q10 < Q10 Boulder, Billings
Stillwater, Tongue
1978 <10 year event Q50-Q100 Q10-Q25 (110,000 Tongue, Powder  Forsyth to Sidney
(102,000 cfs on cfs on May 23)
May 22)
1996 Q50-Q100 < Q10 < Q10 Clarks Fork Livingston to
(37,100 cfs on Billings
June 10)
1997 Q50-Q100 Q10-Q25 < Q10 Boulder, Clarks  Livingston to Miles
(38,000 cfs on (83,300 on Fork City
June 6) June 15)
2011 Q100 (40,600 Q10-Q25 Q10-Q25 (124,000 Shields, Boulder, River-Wide
cfs on June (85,400 cfs on cfs on May 24) Stillwater, Clarks
30) May 24) Fork, Tongue,
Powder

4.3.1.2 Ice Jams and Associated Flooding

Ice jam information was retrieved from the U.S. Army Corps of Engineers Ice Jam Database that is
housed by the Cold Regions Research and Engineering Laboratory in New Hampshire
(http://icejams.crrel.usace.army.mil/). These records indicate that over 100 ice jams have occurred on the
Yellowstone River since the late 1800s. These ice jams have caused infrastructure damage, flooding, and
loss of life and property (Figure 4-17 and Figure 4-18). Similar to flooding, the ice jam history on the
Yellowstone may play an important role in interpreting human impacts within the river corridor, as areas
most prone to ice jamming have land use challenges that are different than those where ice jams are
rare. Also, certain human impacts, such as bridges, may result in flow constrictions and a higher
propensity for ice jamming.
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Figure 4-17 Ice remnants on floodplain at Glendive, 2014

Figure 4-18 Ice action at Intake Diversion Structure, 2014

On the Yellowstone River, only three reaches have more than ten reported ice jams (Figure 4-19). These
reaches include Reach C16, Reach D6, and Reach D13. Reach C16 is located at Miles City. Descriptions
of the Miles City ice jams include gage height measurements that reflect backwatering from ice (DTM and
AGI 2008), descriptions of flooding on the Tongue and Yellowstone Rivers, levee damage, and large
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scale evacuations. The majority of ice jams at Miles City occurred in March. One ice jam that occurred at
Miles City on March 20, 1944, was bombed by planes in an effort to break up the jam (DTM and AGI
2008). Reach D6 is located at Glendive, where ice jams have developed during the months of December,
January, February, March, and April (Figure 4-19). One of the most damaging ice jams happened in
Reach D6 at Glendive in 1899, where three bridges were destroyed and 12 people died.

Both the Tongue and Powder Rivers have over 20 recorded ice jams, most of which developed during the
month of March (Figure 4-19).

The stream gage at Sidney recorded three floods during the month of March that exceeded a 10-year
flood event and may have been related to ice jamming. These floods occurred in 1912, 1943, and 1952.

Yellowstone River Ice Jam Occurrences by Reach
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Figure 4-19 Number of ice jam database entries for reaches of the Yellowstone River and

selected tributaries
Note: Multiple entries may exist for a single event

4.3.1.3 Major In-Stream Diversion Structures

Over the past century, numerous diversion structures have been built on the Yellowstone River to support
irrigation. These irrigation diversions composed of rock or concrete typically block or partially block the
main channel. There are also several large pump stations on the channel banks and dozens of small
pumps and headgates that support irrigation activities. All of these features, as well as tributary
structures, affect the hydrology of the Yellowstone River.

Between Billings and Sidney, a total of six irrigation diversion dams cross the Yellowstone River. These
dams include Huntley, Waco-Custer, Rancher’s Ditch, Yellowstone, Cartersville, and Intake (Table 4-2
and Figure 4-20,).
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Table 4-2
Summary Information for Six Major Irrigation Diversions between Billings and Sidney

Crest Diversion

Length Capacity Date

Location Reach (feet) (cfs) Completed
Huntley Dam Huntley B4 325 600 1934
Waco-Custer W of Custer B9 210 125 1907
Rancher’s Ditch  [Downstream of Bighorn R. confluence C1 1,040 | No data 1904
Yellowstone Ditch |W of Hysham C3 660 No data 1909
Cartersville Forsyth C10 800 No data 1934
Intake Diversion |Downstream of Glendive D8 700 1,200 1911
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Figure 4-20 Major and Minor Instream Diversions, Yellowstone River

The uppermost and lowermost structures (Huntley and Intake) are federally owned, whereas the middle
four are privately owned and managed by local irrigation districts. All six of these major irrigation
structures are fish passage barriers to some extent. However, the degree to which each structure
impedes passage depends on river stage and the swimming ability of the various species trying to
negotiate the structures (USFWS, 2008)
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Huntley

Huntley Diversion Dam is located approximately two miles upstream of Huntley (Figure 4-21). The
structure feeds a 32 mile long main canal, trends easterly, and irrigates a strip of land ranging from one to
four miles wide (DTM and AGI 2008). The structure diverts flow into the Huntley Main Canal, which
follows the southern margin of the Yellowstone River floodplain. The diversion capacity of Huntley Dam is
600 cfs and the project has the capacity to provide irrigation water to 30,000 acres of farm land. The crest
length of the structure is 325 feet and its structural height is 10.5 feet.

Figure 4-21 Aerial image (2005) of Huntley Diversion Dam prior to installation of the fish
passage channel.

The Huntley diversion structure was originally constructed as a temporary earth-fill dam in 1931. In 1934,
the temporary structure was modified to a concrete weir. In 1959, the dam underwent considerable
rehabilitation due to undermining caused by settling and cracking of the concrete structure. As part of
repairs required after 2011 flooding, a fish passage channel was constructed around the north end of the
dam. After the 2011 Silvertip Pipeline spill upstream of Billings, the Montana Department of
Environmental Quality (MDEQ) required Exxon Mobil to pay fines which were then used to improve the
bypass channel. The 2011 flood also severely damaged the Huntley Canal downstream of the dam where
it crosses Pryor Creek (Figure 4-22); subsequent reconstruction of the crossing as a syphon has restored
fish passage in to Pryor Creek for the first time in 100 years (Figure 4-23; AGI and CCI 2012).

Waco-Custer

The Waco-Custer ditch company was formed in the early 1900s, and the diversion dam was constructed
shortly thereafter (DTM and AGI 2008). The Waco-Custer diversion supports approximately 4,300 acres
of irrigation, with a diversion capacity of 125 cfs. The structure is located approximately eight miles west
of Custer, at River Mile 320. At the diversion, the Yellowstone River flows through two main channels,
and the structure itself blocks only the right channel (Figure 4-24). The structure feeds the Waco-Custer
Canal, which flows on the south side of the river.
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Figure 4-22 View of active flanking of Huntley Canal tunnel by Pryor Creek during 2011 flood

Figure 4-23 View downstream of lower Pryor Creek towards Yellowstone River, showing creek
passing over newly constructed Huntley Canal siphon, which passes under creek

from left to right below riprapped banks
Note: Crossing has restored fish passage into Pryor Creek watershed for first time since early 1900s
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P VL o
Figure 4-2 Aerial image of Waco-Custer Diversion Dam (2005)

Rancher’s Ditch

The Rancher’s Ditch diversion dam is located approximately 2.5 miles downstream of the Bighorn River
confluence (Figure 4-25). The dam was constructed in the early twentieth century and feeds a canal that
flows on the north side of the Yellowstone River. The diversion capacity of Rancher’s Ditch diversion was
not available. There is a large, vegetated island in the Yellowstone River at the point of diversion, and
diversion dams block channels on both sides of the island. There is a small channel through the island
that is not blocked by the dams. Repairs to the dam following the 2011 flood included increasing the crest
height which may have reduced fish passage at the structure.

Yellowstone Ditch

The Yellowstone Ditch Diversion Dam is located west of Hysham at River Mile 282 (Figure 4-26). The
structure was built in 1909. At the diversion, the Yellowstone River flows within a single thread. However,
the channel segment upstream of the bridge that extends to Myers Bridge is characterized by multiple
anabranching channels that form large, vegetated islands.

Cartersville

Cartersville Dam, constructed in the early 1930s at Forsyth, consists of a rock rubble riprap core that is
capped by concrete (DTM and AGI 2008). The structure is 800 feet long, spanning the width of the
Yellowstone River (Figure 4-27 and Figure 4-28). The river flows within a single thread at the structure,
flowing along the northern bluff line of the river valley. The city of Forsyth is located on the opposite
(southern) bank. Because of its impacts on the Yellowstone River fishery, efforts have begun to develop
suitable alternatives and bypass designs to promote fish passage at Cartersville (DOWL HKM et al.
2010).
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Figure 4-25 Aerial image of Rancher’s Ditch Diversion Dam (2005)

Figure 4-26 Aerial image of Yellowstone Ditch Diversion Dam (2005)
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Figure 4-28 View north of Cartersville Diversion Dam
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Intake

The largest diversion dam on the Yellowstone River is Intake (Figure 4-29). Construction of the dam
began in 1905, in response to authorization under the Reclamation Act of 1902 (DTM and AGI 2008).
Intake Dam was completed in 1911 and is used to irrigate 50,000 acres of land in eastern Montana and
western North Dakota. The original dam crest was 12 feet above the river bed and the structure stretches
700 feet across the river (Figure 4-30). With a diversion capacity of 1,200 cfs, it feeds Intake Canal and a
~225 mile network of lateral canals that distribute water to approximately 500 farms. Previous studies had
indicated that approximately 500,000 fish were being entrained into the main irrigation canal annually
(USBOR). Prior to the 2012 irrigation season, the diversion headworks were reconstructed with fish
screens (Figure 4-31). Fish passage issues at this structure are currently being addressed by the Bureau
of Reclamation, U.S. Army Corps of Engineers, Montana Fish Wildlife and Parks, U.S. Fish and Wildlife
Service, and Lower Yellowstone Irrigation District.

4.3.1.4 Buffalo Rapids Project (Pumping Plants)

In addition to diversion dams, irrigation pumps are extensively utilized on the Yellowstone River. The
largest of these pumping systems is the Buffalo Rapids Project, which consists of six pumping plants and
63 miles of canals; these plants and canals provide irrigation water for 22,719 acres of land in the vicinity
of Glendive, Fallon, and Terry (USBR, 2015). The Fallon Pumping Plant, with a diversion capacity of 72
cfs, is located approximately 3 miles east of Fallon and was constructed from 1946 to 1948. The Shirley
Pumping Plant is located approximately 20 miles southwest of Terry and has a capacity of 111 cfs. The
Glendive Pumping Plants (No. 1 and No. 2) is located near Fallon and has a total diversion capacity of
368 cfs. The Terry Pumping Plant, with a diversion capacity of 60 cfs, is located approximately 6 miles
east of Terry.

Figure 4-29 2005 aerial image of Intake Diversion Dam
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Figure 4-30 Intake Diversion Dam showing old headworks (USBOR)

Figure 4-31 New headworks with fish screens, Intake Diversion (USBOR)

4.3.1.5 Small Irrigation Pumps and Diversions

The 2001 physical features dataset for the Yellowstone River (NRCS 2001) includes 211 mapped
features: headgates (26), irrigation diversions (19), portable irrigation pumps (98), and permanent pumps
(68). These irrigation structures are distributed throughout the basin, with an increased abundance of
portable pumps in the lower river (Figure 4-32). Small diversions span side channels that carry a
disproportionately small amount river flow.
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Figure 4-32 Number of mapped 2001 irrigation structures on mainstem Yellowstone River by reach
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4.3.1.6 Bighorn River Flood Control Structures

There are three major dams on the Bighorn River. Yellowtail Dam is a 525 foot high concrete thin arch
structure that was built on the Bighorn River in the mid-1960s (Figure 4-33; USBR, 2015a). The dam is
located approximately 96 valley miles upstream of the Yellowstone River confluence at Bighorn. The total
capacity of Bighorn Lake is 1,331,725 acre-feet, and it is the largest reservoir in the Bighorn River
watershed. Upstream of the lake, the Bighorn River watershed is largely within the state of Wyoming
where it encompasses 23 percent of the state’s total area. The structure is a 1,480 foot-long concrete
arch that has a structural height of 525 feet. The dam is the highest dam in the Missouri River Basin and
was constructed for power generation, irrigation, flood control, and recreation. Operating guidelines and
targets for the structure include satisfying senior water rights, water contract commitments, providing
adequate storage space to safely store spring runoff and provide flood control, and power generation.
Flood control targets include preventing flows at the confluence with the Yellowstone River from
exceeding 25,000 cfs.

Source: www.usbr.gov
Figure 4-33 Yellowtail Dam construction, 1963-1966

The two other large reservoirs in the basin include Boysen Reservoir south of Thermopolis and Buffalo
Bill Reservoir near Cody. Buffalo Bill Dam was built on the Shoshone River six miles upstream from Cody
Wyoming in 1910. It has a capacity of 650,000 acre feet. Boysen Dam was constructed between 1947
and 1952 on the Wind River approximately 17 miles south of Thermopolis, Wyoming. Boysen and Buffalo
Bill Reservoirs have capacities of 745,851 acre-feet and 644,540 acre-feet, respectively
(www.waterplan.state.wy.us). These two reservoirs collectively impound about the same amount of
storage provided by Yellowtail Dam, which was completed in 1967 and stores about 1.4 million acre feet.
In considering hydrologic alterations, Buffalo Bill Dam may have already impacted Yellowstone River
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flows by 1910 prior to the availability of stream gage data. Buffalo Bill Dam was also raised significantly in
the late 1980’s to increase storage. Boysen Reservoir was completed in 1952. Both of these reservoirs
are upstream of Yellowtail Dam. The estimated maximum annual net evaporative loss for all three
reservoirs combined is 116,191 acre-feet.

There are also several diversion dams on the Bighorn River below the Yellowtail Dam afterbay structure
which have been identified as potentially entraining fish and reducing passage.

4.3.2 Major Findings in Support of Cumulative Effects Analysis

The overall goal of the hydrologic analysis is to provide a general summary of changes in streamflow
within the mainstem of the Yellowstone River due to human development. The primary information
sources are described in Appendix 2 (Hydrology) which should be accessed for a more complete
summary of the results.

4.3.2.1 Comparison of Regulated and Unregulated Flows

In order to estimate the impacts of human development on streamflow, a major study was performed as
part of the CEA to compare pre- and post- development streamflow conditions on the mainstem
Yellowstone River (Corps of Engineers 2011; Chase 2013, 2014). The hydrologic study consisted of the
evaluation of water depletions in the system to develop flow statistics for both an Unregulated
(Undeveloped) and Regulated (Developed) flow condition. The comparison of these flow statistics allows
some estimation of changes in typical flow volumes (e.g., 100-year flood), under pristine watershed
conditions and under modern, developed conditions. The change in these flows can then be investigated
in terms of the likely cause of that change.

The methodologies used in the USGS and Corps hydrologic analyses are described in detail in the
original reports (Corps of Engineers 2011; Chase, 2013; and Chase, 2014). The approach basically used
depletion data to develop two flow records: 1) no depletions (unregulated), and 2) with modern depletions
(regulated). These constructed flow records were then analyzed to develop flow statistics for each
condition, to help define the impacts of human development on Yellowstone River hydrology.

The main analysis is a comparison of the hydrology of the river under “unregulated” and “regulated” flow
conditions, defined as the following:

e Unregulated: Flow statistics for a hydrologic record for which the effects of streamflow regulation
have been removed; and,

e Regulated: Flow statistics for a hydrologic record that has been adjusted to represent near-
present day (based on 2002) levels of development.

For the purposes of the Cumulative Effects Study, Unregulated flows can be considered to represent an
undeveloped condition, whereas Regulated flows reflect the modern developed condition.

The objective of the analysis is to determine how flow conditions have changed on the Yellowstone River
due to human development, and to use that information to help interpret the causes of observed changes
in other aspects of river condition, such as extent of floodplain access, river size, erosion rates, water
quality, and riparian vegetation dynamics.

The regulated/unregulated flow analysis included an interpolation of results from gaging stations to
reaches. Appendix 2 (Hydrology) contains a summary of the methodology and limitations associated with
that interpolation.
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A comparison of the Regulated and Unregulated flow statistics revealed the following primary findings
(Appendix 2 (Hydrology)):

e Bighorn River flow alterations have exerted a major influence on the hydrology of the lower
Yellowstone River. These flow alterations on the Bighorn River are due to reservoir operations
and Bighorn basin irrigation.

¢ Irrigation-related water use on the Yellowstone River mainstem and other tributaries has also
contributed to changes in flows on the river. Irrigation in the Clarks Fork basin has had a relatively
substantial influence on Yellowstone River flows.

e A comparison of the flow statistics indicates that peak flows on the Yellowstone River have
decreased for the 2-, 10- and 100-year floods with human development.

e The 1 percent exceedance probability event (“100-year discharge”) has dropped by
approximately 20,000 cfs below the mouth of the Bighorn River, a 16 percent reduction in total
flow.

e The magnitude of the 2-year flood has dropped by approximately 23 percent downstream of the
mouth of the Bighorn River. This result is important in that the 2-year flow has a strong influence
on overall channel form. Flows estimated as the “channel forming flow” have dropped by about 25
percent.

e Base flows during fall and winter have increased up to 60 percent downstream of the Bighorn
River confluence.

e Spring and summer base flows have been reduced by over 20 percent under regulated
conditions.

e The lowest flows experienced in the summertime (Summer 7Q10; the lowest 7-day average flow
expected to occur every 10 years) have dropped throughout the system, and the relative
reduction of those flows increases in the downstream direction. These low flows have dropped by
approximately 1,000 cfs (30 percent) at Billings and 1,800 cfs (40 percent) at Miles City.

4.3.2.2 Indicators of Hydrologic Alteration

In order to further consider the impact of Yellowtail Dam on Yellowstone River streamflows, gage records
were evaluated using an “Indicators of Hydrologic Alteration” assessment tool that allows users to
compare pre- and post-dam flow conditions (The Nature Conservancy 2009). The results of this analysis
indicate the following, which directly supports the Unregulated/Regulated flow comparisons described
above:

¢ Flow alterations on the Bighorn River have resulted in a reduction of flood magnitudes on the
Yellowstone River below the confluence.

o Yellowtail Dam release patterns have “dampened” the hydrograph on the Yellowstone River by
reducing daily rates of discharge rise and fall.
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4.3.2.3 Evaluation of Gage Records

An evaluation of gage records at Sidney indicates that hydrologic alterations on the Yellowstone River
include both a reduction in peak spring runoff magnitudes and a loss of the definition of the early spring
pulse runoff, which tends to occur in late March to early April.

4.3.2.4 Evaluation of Irrigation Water Use

Previously published estimates of water use indicate that irrigation is the dominant water use in the basin
(USGS 2004).

Mean monthly flow patterns at Billings are consistent with hydrologic influences of irrigation; analysis of
depletions below the Bighorn River indicate that during the winter months, over 80 percent of the increase
in low flows is estimated to be due to Yellowtail Dam operations at Bighorn Reservoir, whereas the period
of most strongly reduced flows (May to July) shows a much stronger influence of Yellowstone River
irrigation on streamflow patterns. Based on the estimates, the primary influence on flow reductions in
August and September is irrigation.

4.3.2.5 Consideration of Climate

On a state-wide basis, virtually all model simulations developed in support of the state water plan project
predict earlier runoff and reduced summer flows (Montana DNRC, 2014). Median daily hydrographs
compiled for pre- and post- 1990 data on the Yellowstone River at Livingston corroborate this general
pattern; over the past 15 years, runoff has typically started about a week earlier and peaked 10 days
earlier than it typically did between 1896 and 1990.

Previously published literature (Leppi et al. 2012) shows that reduced late August streamflow can be
associated with climatic trends. Low flow analysis from a largely pristine gage at the Yellowstone Lake
outlet indicates low August flows have been associated with increased air temperature.

Tree-ring analyses of the basin show that the twentieth century was a wet period relative to the several
centuries prior, and that droughts have historically been substantially longer and more intense than those
recently experienced in the basin.

Table 4-3 shows a summary of specific human influences described in this section, along with the
associated impact, spatial extent of that impact, and relative magnitude of the impact. Although there are
additional factors that will affect the system hydrology such as storm water management, these other
influences are either considered to be relatively small or lacking in data.

4.3.3 Primary Human Influences on Yellowstone River Hydrology

The results of the hydrologic analyses indicate that the historical hydrology of the Yellowstone River was
markedly different than it is today. The influences causing those changes include both consumptive and
non-consumptive water uses, which collectively alter both the amount and timing of water delivery in the
system. Although there are multiple types of both consumptive and non-consumptive water use, the main
alterations to the hydrology of the Yellowstone River are due to irrigation and flood control. Climate trends
have been identified as influencing low flow hydrology, and those influences are predicted to become
stronger in the future. The following section contains a discussion of these influences, with selected
results of the hydrologic analysis provided. For a more thorough presentation of the results, see Appendix
2 (Hydrology).
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Table 4-3
Summary of Human Impacts to Yellowstone River Hydrology

Relative Impact

Human Influence Hydrologic Impact Spatial Extent to Hydrograph
Altered Hydrology on Bighorn Reduced Peak Flows Below Bighorn Major
River (Yellowtail Dam) Increased Winter/Fall Low Below Bighorn Major
Flows
Reduced Summer Low Flows Below Bighorn Major
Reduced Rise/Fall Rates Below Bighorn Moderate
Reduced Channel Forming  Below Bighorn Major
Flows
Dampened March/April Below Bighorn Moderate
Prairie Peak
Irrigation Consumptive Reduced Flow System-wide Moderate
Withdrawals Reduced Low Flow System-wide Moderate
Reduced Channel Forming  System-wide Moderate
Flow
Municipal and Industrial Reduced Flow Localized Minor
Consumptive Withdrawals Reduced Low Flow Uncertain Uncertain
Non-Consumptive Withdrawals  Altered Flow Patterns System-wide Uncertain
Floodplain Isolation Reduced Flood Storage System-wide Uncertain
Climate Trends Uncertain System-wide Uncertain

While reviewing the data presented below, it is important to note that multiple drivers may be influencing
any given dataset. For example, the influences of Bighorn River flow alterations are evident as a major shift
in hydrologic statistics between the unregulated and regulated flow conditions at the mouth of the Bighorn
River. That impact overlies a broader trend of Yellowstone flow alterations due to irrigation.

4.3.3.1 Influence of Bighorn River Flow Alterations on Yellowstone River
Hydrology

As described previously, Yellowtail Dam is operated in support of irrigation, flood control, and power
generation. These uses, as well as evaporative losses and other flow alterations upstream of Bighorn
Reservoir, result in a change in the patterns and magnitudes of water delivered downstream to the
Yellowstone River. The changes described below include reductions in high flows, channel-forming flows,
summer low flows, and increases in winter flows.

Reduced High Flows

Figure 4-34 shows the results of the unregulated/regulated flow comparison for the 100-, 10- and 2-year
floods on the Yellowstone River. The values are plotted as the percent change estimated for each reach
of the river, starting at Gardiner and continuing downstream to the mouth of the river below Sidney. The
plot shows that from Gardiner to the Clarks Fork River, the drop in peak flows is less than 5 percent.
These reductions are primarily due to flow depletions associated with irrigation. The continued influence
of irrigation is shown from the mouth of the Clarks Fork to the mouth of the Bighorn, where the change is
generally 10 percent or less, with the 2-year flood (50% probability) showing the greatest percent change.
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Figure 4-34 Percent change in 1%, 10%, and 50% annual exceedance probability discharge, regulated and unregulated conditions
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The influence of Bighorn River flow alterations becomes evident at the mouth of the Bighorn River, where
there is a major deflection in each line. These deflections show an increase in the impact of human
development on flows, and the trend is towards a reduction in peak flow. When viewed in terms of
absolute discharge, the reduction in the 100-year flood discharge below the mouth of the Bighorn River is
about 20,000 cfs (Figure 4-35).

Figure 4-34 shows that flow alterations on the Tongue River due to Tongue River Reservoir show little
relative impact on Yellowstone River flows. Downstream of the mouth of the Powder River, the influence
of Yellowtail Dam operations on Yellowstone River flood flows is diminished, although still evident.

Reduced Channel Forming Flows

Channel forming flows, which are the flows largely responsible for defining basic river morphology such
as size, shape, and pattern, were evaluated in terms of both the 2-year flood event (50% probability) and
the 5-percent duration flow. Both of these statistics reflect the typically snowmelt-related runoff and have
been used to approximate channel forming discharges. Similar to the 100-year event, the magnitudes of
these events have dropped markedly at the mouth of the Bighorn River relative to upstream. The 2-year
flood magnitude below the mouth of the Bighorn River has dropped by approximately 14,000 cfs or 23
percent under developed conditions (Figure 4-36). However, it is critical to note that even though there is
an abrupt shift at the mouth of the Bighorn, about half of that total change had already occurred upstream
at the Billings gage (Reach B2). Thus the 2-year flood has been significantly impacted by both Bighorn
River hydrology and consumptive water use or other impacts along the Yellowstone and its other
tributaries.
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Figure 4-35 Change in flow rates (unregulated from regulated) for the 1% exceedance flow (100-year flood) plotted by reach
Note: Reach values interpolated by drainage area.
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Figure 4-36 Change in flow rates (unregulated from regulated) for the 50% exceedance flow (2-year flood) plotted by reach
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Changes in Mean Monthly Flows

When flows are considered on a monthly timeframe, there are distinct patterns that show flow reductions
in summer and increases in the winter both above and below the mouth of the Bighorn River. Figure 4-37
shows that gages located upstream (Billings) and downstream (Forsyth) of the mouth of the Bighorn River
both show the same trend; however, the changes are amplified at Forsyth. This is indicative of the
combined influences of dam operations and irrigation patterns. Summer flows are reduced due to both
storage at Yellowtail Dam and irrigation, and winter flows are increased due to Yellowtail Dam release
patterns, as well as some apparent irrigation water return flow, as seen at the Billings gage (Figure 4-37).
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Figure 4-37 Total change in mean monthly discharge from Unregulated to Regulated
Conditions, Billings and Forsyth

Reduced Summer Low Flows

Summer low flows were evaluated by looking at the flows that are equaled or exceeded 95 percent of the
time (95% flow duration) from July through September. The most significant impact has been to summer
flows when unregulated discharges have been reduced by almost 60 percent below the mouth of the
Powder River (Figure 4-38). Similar to the other datasets, there are also reductions at Billings; however,
those reductions are several thousand cfs less than below the mouth of the Bighorn River.

Summer low flow patterns show an overall river-wide reduction in the lowest summer flows, which have
been evaluated by the 7Q10 statistic. The 7Q10 is the lowest 7-day average flow expected to occur every
10 years. The summer 7Q10 has dropped by about 1,000 cfs at Billings and 1,500 cfs below the mouth of
the Bighorn River (Figure 4-39). In 1986, the U.S. Environmental Protection Agency (EPA) recommended
the use of this statistic for water quality standards and toxic waste load allocation studies related to
chronic effects on aquatic life (U.S. EPA 1986).

Increased Winter/Fall Flows

Flow duration analysis shows a clear increase in fall and winter flows at the mouth of the Bighorn River
(Figure 4-40). This is a typical consequence of dam operations where naturally low flows are boosted by
dam releases during the fall and winter seasons. At Miles City, winter low flows (95% duration) have
increased by about 1,000 cfs under developed conditions. Figure 4-41 shows a summary of the seasonal
shifts in low flows by location, showing consistent reductions in spring and summer flows and increases in
fall and winter flows at all locations.
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Regulated and unregulated winter (January-March) low flow discharges
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Seasonal shifts in 95% duration discharge for selected Yellowstone River locations
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Yellowtail Dam Operations

The conclusion that Yellowtail Dam operations have served to reduce peak flows, reduce summer flows,
and increase winter flows on the Yellowstone River is supported by dam operations data. Figure 4-42
shows average annual inflow and outflow hydrographs Bighorn Reservoir. The inflow pattern (blue)
shows average peak flows of 8,000 cfs, fairly low winter flows of about 2,000 cfs, and a distinct early
snowmelt runoff peak in March. The release pattern is much different, with a lower peak (~5,000 cfs),
increased winter flows, and an overall “dampening” of the hydrograph, which also removes the early
March runoff pulse. A median daily flow hydrograph showing pre- and post- Yellowtail Dam flows at the
Sidney gage shows the same pattern (Figure 4-43).

4.3.3.2 Influence of Irrigation on Yellowstone River Hydrology

The unregulated/regulated flow comparisons show changes both upstream and downstream of the
Bighorn River confluence, indicating that influences other than those associated with Bighorn River flow
alterations and Yellowtail Dam operations have affected Yellowstone River flows. Results of this analysis
indicate that the other primary impact is irrigation. Over 90 percent of the water used in the counties of the
Yellowstone River Basin in 2000 was for irrigation (Figure 4-44 and Figure 4-45).
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Figure 4-42 Average Bighorn Reservoir inflow and outflow hydrographs
Note: Typical inflow at the head of the reservoir (blue) and typical release patterns (red).
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Median Daily Flow Annual Hydrographs
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Figure 4-43 Median daily flow annual hydrographs for pre- and post- Yellowtail Dam conditions, Yellowstone River near Sidney MT
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Yellowstone River Corridor Counties
Estimated Water Use 2000 (Mgal/Day)

11.0, 0% 110.0, 4%

4.3,0% 11.4, 0%

35.5, 1%
M Irrigation (3,024 Mgal/day, 95%)

B Public Supply (35.5 Mgal/day, 1%)

m Self Supplied Domestic (4.3 Mgal/day, 0%)
H Self Supplied Industrial (11 Mgal/day, 0%)
®m Thermoelectric (110 Mgal/day, 3%)

M Livestock (11.4 Mgal/day, 0%)

3024, 95%

Figure 4-44 Yellowstone River Counties, estimated year 2000 water use by type of use
(Mgal/Day)

Source: www.fws.gov
Figure 4-45 Huntley Irrigation Project below Billings

The total estimated amount of water withdrawn for irrigation on the Yellowstone River Basin in 2000 was
3,024 million gallons per day. Without considering flow returns, this translates to a total estimated surface
water irrigation rate of 4,660 cfs averaged over the entire year. If the irrigation season is considered to be
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four months long, the potential rate of surface water withdrawals is almost 14,000 cfs, during the four
month season. This water is not all consumed however; the total consumptive use for irrigation is
estimated to be about 20 percent of the total withdrawal value (Cannon and Johnson 2004). Much of the
non-consumed water returns to the river later in the season (see Appendix 2 (Hydrology)). The total
estimated consumptive water use for irrigation in the Montana portion of the Yellowstone River corridor is
588 million gallons per day, or about 660,000 acre-feet per year.

Figure 4-46 shows the estimated irrigation withdrawals for irrigation by basin. For these data, the “Upper
Yellowstone” refers to the river corridor basins above Billings; the “Middle Yellowstone” refers to the valley
from Billings to the Bighorn River confluence, and the “Lower Yellowstone” refers to the stream valley
below the Bighorn River and includes the Big Porcupine drainage north of Forsyth and O’Fallon Creek. All
other major contributing drainages are summarized independently. The “Bighorn” drainage includes only
the Lower Bighorn River drainage area below Yellowtail Dam and the Little Bighorn River drainage; none
of the summary values include any water use in Wyoming.

Total Surface Water Withdrawal for Irrigation (Mgal/Day)
26 15

B Upper Yellowstone (871)
B Lower Yellowstone (713)
m Clarks Fork (527)
M Bighorn (243)
m Shields (172)
= Middle Yellowstone (159)
m Stillwater (127)
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Powder (29)
1 Pryor Creek (26)
Rosebud (15)

Figure 4-46 Estimated 2000 water withdrawals for irrigation by drainage basin

The summaries show that the Upper Yellowstone, Lower Yellowstone, and Clarks Fork drainages
collectively account for almost 75 percent of the total irrigation water withdrawals in the Montana portion
of the Yellowstone River watershed in 2000. The large proportionate diversion of water in the Clarks Fork
basin is consistent with an abrupt increase in flow alterations at the mouth of the Clarks Fork (e.g.,

Figure 4-36).

The influence of irrigation on Yellowstone River hydrology relates to both consumptive use, which
reduces total volume of water in the river, as well as non-consumptive use, which changes the patterns of
flows in the river. These patterns are depicted in the trends seen at Billings, where reductions in summer
flows have been accompanied by an increase in flows in fall and winter.

139
Primary River Element Cause-and-Effect Analysis Hydrology



Yellowstone River Cumulative Effects Assessment December 2015

Reduced 2-Year Flood Flows

Figure 4-36 shows that above the Bighorn confluence, the 2-year flood flow has been reduced due to
development throughout the river system, with the impact increasing in the downstream direction. There
is a distinct increase in the impact at the mouth of the Clarks Fork River; downstream of this point, the 2-
year flood has been reduced by over 4,000 cfs.

Reduced Low Flows

Low flow statistics show a substantial decrease in the summer 7Q10 under regulated (developed)
conditions on the entire river. The 7Q10 is the lowest 7-day average flow expected to occur every 10-
years. The 7Q10 shows the following reductions from undeveloped (unregulated) to developed
(regulated) conditions: Livingston: 3 percent, Billings: 31 percent, Miles City: 37 percent, and Sidney: 52
percent. At the Billings gage, the summer 7Q10 has dropped by approximately 1,000 cfs, and at Sidney it
has dropped by 2,190 cfs. The influences of consumptive withdrawals through irrigation dominate the
impacts upstream of the Bighorn River confluence, and those impacts are substantial.

Reduced Mean Monthly Flows

Upstream of the Bighorn River confluence the primary consumptive water use affecting the Yellowstone
River is irrigation. Mean monthly flow data show that at Billings, the mean monthly discharge in August
has dropped from about 7,500 cfs to 5,300 cfs, a shift that can be largely attributed to irrigation. Irrigation
also appears to have slightly increased flows in the river during the late fall. Mean monthly flows in
November, for example, have increased from 3,200 cfs to 3,500 cfs. This is evidently the result of late
season irrigation return flows. The influence of irrigation on mean monthly flows continues below the
Bighorn River confluence. Although Bighorn River flow alterations have had a major impact on flow
patterns, the primary influence on reductions in mean monthly flows during August and September at the
Forsyth gage appears to be non-Bighorn related irrigation (Figure 4-47). The influence of irrigation on
river flows at Forsyth increases through the spring months and peaks out in September, when almost 70
percent of the changes in flow are due to non-Bighorn River related water use.

4.3.4 Other Potential Influences on Yellowstone River Hydrology

The primary human influences on Yellowstone River hydrology have been determined to be altered
hydrology on the Bighorn River, as well as irrigation within the remainder of the Yellowstone River Basin.
Although the available data indicate that these are by far the dominant drivers of hydrologic alteration on
the Yellowstone River; that does not presume that other influences have contributed to those impacts.
Several of these potential influences are described below.

4.3.4.1 Tributary Water Storage

Stock ponds and other small storage reservoirs are very common in the Yellowstone River watershed and
have the collective potential to significantly alter downstream hydrology under certain conditions

(Figure 4-48). While this impact is acknowledged in the Yellowstone River Basin, the impact has not been
evaluated to any level of detail.
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Figure 4-47 Estimated relative influence of Yellowtail Dam operations and irrigation on monthly
flows at Forsyth
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Figure 4-48  Tributary impoundments on a portion of the Porcupine Creek drainage, a lower
Yellowstone River tributary
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As the results of the hydrologic analysis indicate that the 100- and 10-year flood magnitudes have been
reduced at major tributary confluences such as the Clarks Fork, it is likely that these tributary storage
reservoirs contribute to some extent to the mitigation of flood peaks. This effect would be most
pronounced when the reservoirs have the capacity to store sufficient water to affect the flow peak. Under
most antecedent conditions, however, their largest impact is likely on low flows when the reservoirs can
store the vast majority of runoff. Particularly in the eastern part of the Yellowstone River Basin,
downstream of Billings, ephemeral streams flow only during low elevation snowmelt and precipitation
events. These streams are commonly dammed for stock water or diverted by dikes in water spreading
systems. Except during high runoff events, effectively all the flow in these streams is diverted or
impounded. The impact of water spreading and small impoundments will be to reduce flow to larger
tributaries and eventually the Yellowstone River. These impoundments also limit connectivity of the
drainage system. Because these streams are strongly dependent on precipitation and may have their
highest flow during any month of the year, the impact on Yellowstone hydrology would be temporally and
spatially variable and difficult to distinguish from other effects. In so far as small impoundments recharge
local ground water, the effect would be to spread the effect of precipitation events over a longer time
period and moderate storm runoff. These and other consequences of tributary storage, such as low flow
alterations and evaporative losses, have not been quantified herein.

4.3.4.2 Floodplain Isolation

Floodplain isolation is a common result of development through the construction of dikes, levees, and
transportation embankments in the river floodplain. Although these features can protect areas prone to
flooding, they also have the following potential impacts to river hydrology:

e Delivery of more water downstream at the flood peak
e Delivery of less water on the falling limb of a flood hydrograph
¢ Reduction of overbank infiltration and post-flood base flows.

Floodplain isolation is common throughout the Yellowstone River corridor. It has been related to
transportation infrastructure, agricultural land uses, and urban/exurban development. Over 21,000 acres
of 100-year floodplain area have been isolated between Springdale and the mouth of the river

(Section 4.4.3). Although there is general consensus on the role of floodplains in storing floodwaters,
guantification of the impacts of floodplain isolation on hydrologic statistics has not been performed for the
Cumulative Effects Analysis (CEA). In general, however, a comparison of undeveloped and developed
conditions indicates that flood magnitudes have dropped on the Yellowstone; such that any increase in
flood discharge due to loss of floodplain storage is small relative to opposing impacts of water withdrawal
and Yellowtail Dam. The extent and primary drivers of floodplain isolation in the Yellowstone River
corridor are described in Section 4.4.3.

4.3.4.3 Municipal and Industrial water withdrawals

Although irrigation is the dominant water use in the basin, Yellowstone River counties use the most water
in the state for cooling as part of thermoelectric power generation. Cannon and Johnson (2004) described
how water used for cooling purposes at fossil fuel plants in Richland, Rosebud, and Yellowstone Counties
amounted to the largest amount of surface water withdrawal after irrigation. Within Yellowstone and
Richland Counties, almost all of the water used for cooling is returned back to the river. In Rosebud
County, however, the water was not returned to the river following its industrial use. The total water
consumed as part of thermoelectric power generation in 2000 was about 27.7 million gallons per day,
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most of which was consumed in Rosebud County. This is potentially significant especially during low
flows, but it is about 8 percent of the estimated 331 million gallons per day consumed by irrigation.

Municipal water use constitutes only about 1 percent of the total water use in the counties occupying the
Yellowstone River corridor. Figure 4-49 shows the non-irrigation water uses in those counties. The county
with the most extensive municipal water withdrawals is Yellowstone County, which in 2000 consumed 65
percent of the total municipal amount (see Figure 4-50).

Estimated Non-Irrigation Water Use 2000 (Mgal/Day), % of total

11.4,7%

H Public Supply (35.5, 21%)

4.3,2% H Self Supplied Domestic (4.3, 2%)
m Self Supplied Industrial (11.2, 6%)
B Thermoelectric (110.0, 64%)

W Livestock (11.4, 7%)

Figure 4-49 Non-irrigation water use estimated for year 2000, Yellowstone River corridor
counties
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2000 Estimated Water Use: Public Supply (Mgal/Day, % of Total)

9 m Bighorn (1.1, 3%
1.1, 3% 14, 4% g ( 6)

M Carbon (1.4, 4%)

M Custer (1.5, 4%)

0.3, 1% W Dawson (2.2, 6%)

H McKenzie ND (0.3, 1%)

m Park (2.2, 6%)

0.0, 0%
M Prairie (0.0, 0%
1.5,4% M Richland (1.2, 3%)
23.0, 65%
0.6, 2% Rosebud (1.5, 4%)
.0, 2%

\ 0.3,1% | Stillwater (0.6, 2%)
0.2,1%

m Sweet Grass (0.3, 1%)
Treasure (0.2, 1%)

Yellowstone (23.0, 65%)

Figure 4-50 Municipal water use for year 2000 by county

4.3.4.4 Urban/Exurban Development

Floodplain development increases the extent of impervious surfaces such as paved roadways or housing
footprints. The expansion of impervious surfaces, as well as drainage features such as curbs and gutters,
affects the hydrology of the receiving water body by reducing the lag time for delivery of the water and
reducing the ability for the water to infiltrate into the ground. This can also affect water table elevations,
base flows, and water quality. As a result, urbanization results in an increase in the “flashiness” of
streamflows. The influence of urban runoff on Yellowstone River hydrology has not been quantified for
this effort.

4.3.4.5Climate Trends

It is difficult to accurately predict the influence of future climatic trends on Yellowstone River hydrology,
because the body of literature available collectively describes a range of potential future conditions based
on either historical trends or modeled future scenarios. Most available studies of historical trends indicate
that precipitation and low flows have been on a decreasing trend. For example, one study indicates that
at the outlet of Yellowstone Lake, mean August discharges have dropped by more than 25 percent since
1950 and these changes are influenced by climatic variables (Leppi, et al. 2012). Another study
concluded that precipitation in the Yellowstone River basin has decreased by 10-20 percent since 1990
(IPCC, 1998). On a longer time frame, Swindell (2011) used tree ring analysis to show that, in the
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Yellowstone River Basin, droughts pre-twentieth century were more severe in terms of duration and
intensity than those that have occurred since.

As part of the development of a state water plan, Montana DNRC modeled a range of climate scenarios
to estimate future shifts in temperature, precipitation and runoff. The results show that on a state-wide
basis, virtually all model simulations project earlier runoff and reduced summer flows (Montana DNRC
2014). The anticipated shifts in timing would be the result of an earlier snowmelt and an increase in rain
relative to snow during the late winter and early spring. Figure 4-51 shows the modeling results for the
Yellowstone River at Billings (Montana DNRC 2014). Median daily hydrographs compiled for pre- and
post-1990 data on the Yellowstone River at Livingston show the same trend; over the past 15 years,
runoff has typically started about a week earlier and peaked 10 days earlier than it typically did between
1896 and 1990 (Figure 4-52).

Yellowstone River at Billings Modeled Median Monthly Flow
Comparison of 1950-1999 and 2010-2059 Simulations

30,000

e 1950-1999 Historic Period

25,000 - 2010-2059 Ensemble Middle

2010-2059 More Warming - Wetter

20,000 \ P 2010-2059 More Warming - Drier

15,000 / \
10,000 - \\\‘\"“;&

Cubic Feet per Second (CFS)

5,000 T —

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Source: Montana DNRC, 2014
Figure 4-51 Median monthly flow modeling results for Yellowstone River at Billings under
future and historical climate scenarios
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Median Daily Flow Annual Hydrographs

Pre- and Post- 1990

USGS # 06192500 Yellowstone River at Livingston MT
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Figure 4-52 Pre- and post-1990 median daily hydrographs for Yellowstone River at Livingston
showing recent shift to earlier runoff

4.4  Hydraulics: Floodplain Connectivity

The connectivity between a stream and its floodplain is becoming increasingly recognized as a critical
aspect of long-term ecological function in river systems. Throughout the western United States, streams
have become hydrologically disconnected from their floodplains due to a range of human impacts,
including beaver trapping, channelization, flow alterations, dikes and levees, and excessive floodplain
aggradation. Lost floodplain connectivity can cause a myriad of impacts, including changes in hydrology,
ground water recharge rates, nutrient cycling patterns, riparian and wetland habitats, and the provision of
refuge habitats for certain fish during floods. For the CEA study, hydraulic modeling techniques were
used to evaluate how flow alterations and floodplain development have collectively altered the
connectivity of the Yellowstone River to its floodplain. Areas of floodplain connectivity were identified
using the one-dimensional HEC-RAS model, which is hydraulic software developed by the Corps of
Engineers and commonly applied in floodplain boundary delineations.

The methodology used to characterize undeveloped and developed floodplain access requires
consideration of both the flows in the river as well as the development status of the floodplain. To that
end, two hydraulic models were developed and the results of those model runs were compared.

The processes used to assess changes in floodplain connectivity on the Yellowstone River due to human
influences are:

1. Identify flood discharges for both undeveloped and developed conditions. These discharges
reflect an undeveloped hydrologic regime (no withdrawals or impoundments), and the current
hydrologic regime. The results of this analysis are described in Appendix 2 (Hydrology).

Develop a hydraulic model (HEC-RAS) that reflects the developed, modern floodplain.

Develop a second model to depict undeveloped conditions by removing all physical features,
such as dikes, berms, and transportation encroachments.

Run the first model using undeveloped flows and undeveloped floodplain.

Run the second model using developed flows and developed floodplain.
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6. Intersect the resulting maps of inundated area to identify those areas historically inundated by a
given flow (e.g., 100-year flood) but currently disconnected.

7. ldentify the apparent cause of disconnection for those areas no longer inundated, such as areas
isolated by the Milwaukee Line railroad grade.

8. Summarize results to estimate the role of various land uses in isolating floodplain areas.

This approach was taken specifically for the 100-year floodplain. Additional assessment was performed
on the modeling output for the 5- and 2-year floodplains to consider other issues such as land use
development within frequently inundated areas and potential impacts on habitat within the active river
corridor.

A detailed summary of this analysis and the results can be found in Appendix 3 (Floodplain Connectivity).

4.4.1 Summary of Findings

The primary findings of the hydrologic analysis that may support multiple aspects of the CEA include the
following:

e Over 21,000 acres of 100-year floodplain area have been isolated between Springdale and the
mouth of the Yellowstone River due to physical encroachments, land grading, and hydrologic
alterations.

e The largest single contributing cause of floodplain isolation is reduced peak flows, which have
isolated over 8,000 acres of the 100-year floodplain. The other primary causes are agricultural
infrastructure and the active railroad line, which have isolated 3,720 and 3,526 acres,
respectively.

e Areas where land uses have isolated 100-year floodplain tend to be concentrated in certain areas
of the river corridor.

e Upstream of the Bighorn River confluence, typically less than 20 percent of the historical 5-year
floodplain has been isolated. Downstream of the confluence, over 40 percent of the historical 5-
year floodplain is now inaccessible by a 5-year flood.

e Currently, there are about 6,300 acres of irrigated land within the modern 5-year floodplain
footprint (5,376 acres in flood irrigation and 871 acres under pivot irrigation).

e |solation of the 2-year floodplain has resulted in reduced seasonal high flow channel activation
during that event. Direct connectivity between side channels has been substantially reduced.

e The extent of 2-year floodplain isolation has been most significant between the mouths of the
Bighorn and Tongue Rivers, where the developed 2-year floodplain footprint is on the order of 40
percent smaller than that under undeveloped conditions.

Table 4-4 summarizes those primary human influences that have affected floodplain access within the
Yellowstone River corridor. With regard to land uses, the results indicate that there are multiple factors
affecting floodplain access. Flow alterations, agricultural infrastructure, urban development, and
transportation infrastructure have all affected the footprint of inundation for a given flow event. For all
flows equal to or exceeding the 2-year flood, the area of floodplain inundated has decreased due to
human influences.
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4.4.2 General Processes Affecting Floodplain Access

Figure 4-53 shows an example of a reach with several identified causes of floodplain isolation. On the
north side of the river valley, the abandoned Milwaukee line has isolated the undeveloped 100-year
floodplain, and the modern rail line on the south side of the valley has similarly isolated historical
floodplain against the valley wall. Within the active meander belt, floodplain has been isolated by flow
alterations; these areas may also be affected by field grading.

The identified drivers of floodplain isolation include physical features and flow alterations. Physical
features such as levees, dikes, and transportation embankments all have the potential to directly block
floodplain access. These features may be associated with land uses including irrigation, transportation,
urban/exurban development, and agriculture. In some cases, floodplain isolation has occurred on
improved, leveled agricultural fields. In these cases, it is assumed that alterations in peak flow have
isolated these areas from 100-year inundation, but it is acknowledged that agricultural development may
have played a role due to field leveling and associated topographic alterations in flat terrain that is highly
sensitive to slight changes in river stage.

Primary Human

Summary of Human Im

Table 4-4

pacts to Yellowstone River Flood

Hydrologic

lain Connectivity

Relative Impact
to Floodplain

Influence Specific Driver Impact Spatial Extent Access
Hydrologic Yellowtail Dam Reduced Peak Below Bighorn Major
Alterations Flows
Consumptive Reduced Flow System-wide Moderate
Withdrawals:
Irrigation
Consumptive Reduced Flow Localized Minor
Withdrawals:
Municipal and
Industrial
Agriculture Irrigation Ditches Physical Isolation Bighorn to Hysham  Moderate
of Floodplain
Levees and Dikes Physical Isolation Bighorn to Moderate
of Floodplain Hysham, western

Custer County

Development

Urban Levees

Physical Isolation

Forsyth, Miles City,

Major (Locally)

Primary River Element Cause-and-Effect Analysis

of Floodplain and Glendive
Interstate [-90 Embankment Physical Isolation Billings Moderate
of Floodplain (Locally)
Active Railroad MRL/BNSF Line Physical Isolation Below Billings; Major
of Floodplain greatest impact
between Billings
and Hysham
Abandoned Milwaukee Line Physical Isolation  Forsyth to Miles Major
Railroad of Floodplain City
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Figure 4-53 Example 100-year floodplain isolation polygons, Reach C11 below Forsyth
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The reduction in peak flows on the river is a major contributor to floodplain isolation. Especially in areas
where the historical floodplain is very broad and flat, small changes in flow can greatly change the area of
ground inundated by a flood.

4.4.3 Total Extent of Floodplain Isolation in Yellowstone River Corridor

The influences of human development on floodplain connectivity were evaluated for the 100-, 5- and 2-
year flood events. Table 4-5 summarizes the primary causes of floodplain isolation, areas of impact, and
overall driver. For a more detailed description of the results of this evaluation, see Appendix 3 (Floodplain
Connectivity).

4.4.3.1 Isolation of the Historical 100-year Floodplain

Development-related isolation of the 100-year floodplain on the Yellowstone River reflects either the
influence of physical blockages such as dikes, levees, or transportation encroachments or the influence of
an altered hydrologic regime on flow levels. Both impacts are apparent on the Yellowstone River 100-year
floodplain. Table 4-6 and Figure 4-54 show the total extent of 100-year floodplain isolation within the river
corridor in terms of cause. Based on the polygon analysis, a total of 21,437 acres of 100-year floodplain
have been isolated from Springdale to the Missouri River (Park County was not included in the analysis).
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Table 4-5
Summary of Main Locations and Causes of Floodplain Isolation
Cause of Isolation Areas of Impact Main Drivers
Hydrologic Alterations  Below Hysham Yellowtail Dam impacts in broad
valley
Urban/Exurban Forsyth, Miles City, and Glendive Urban levees
Railroad Below Billings; greatest impact between Direct isolation by active rail line
Billings and Hysham
Abandoned Railroad Forsyth to Miles City Abandoned Milwaukee Line
Transportation (Roads, Billings 1-90
Highways, and 1-90)
Agriculture
Dikes and Levees  Bighorn to Hysham, western Custer County Agricultural Levees
Irrigation Ditches Bighorn to Hysham Ditch Embankments
Table 4-6
Total Acreage of 100-year Floodplain Isolation
Impact Floodplain Isolation (acres)
Hydrologic Alterations 8,604
Agriculture:
Irrigation Ditch 1,388
Agricultural Levee/Riprap 2,331
Total Agriculture 3,720
Railroad 3,526
Abandoned Railroad 2,303
Transportation 2,054
Development 1,230
TOTAL 21,437
10,000
9,000
8,000
E 7,000
f_; 6,000
2 5000
g 4,000
g 3,000
 —
Hydrologic Agriculture Railroad Abandoned Transportation General
Alterations Railroad Development
Impact

Figure 4-54 Total 100-year floodplain isolation by type of impact
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The most extensive loss of 100-year floodplain area has occurred between Bighorn and Miles City, where
over 10,000 acres of historical floodplain has been isolated from the river (Figure 4-55). Relatively high

rates of cumulative floodplain loss also occur below Intake.
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Figure 4-55 Cumulative floodplain isolation for all land uses

Figure 4-56 shows that with respect to each land use, the extent of floodplain isolation is concentrated in
given areas. For example, transportation-related isolation is almost entirely occurring in the vicinity of
Billings. Agricultural-related isolation is most common near Hysham and upstream of Miles City. Loss of
floodplain due to the reduction in high flows is most pronounced where the river floodplain is especially
broad, including the Mission and Hammond Valleys between Hysham and Forsyth, and from Sidney to
the Missouri River confluence. Urban levees contribute to minor additional isolation of the floodplain,

primarily at Forsyth, Miles City, and Glendive.
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Figure 4-56 Cumulative floodplain isolation

Note: Values accumulate in the downstream direction
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4.4.3.2 Isolation of the Historical 5-year Floodplain

The 5-year floodplain is that area which has a 20 percent chance of becoming inundated in any given
year. This area reflects much more of the active riparian corridor than the 100-year floodplain, which has
only a 1 percent chance of being inundated in any given year. When considering the percent loss of
floodplain area, the 5-year floodplain has been isolated to a much greater extent than the 100-year
floodplain (Figure 4-57 and Figure 4-58). Whereas approximately 5 to 20 percent of the 100-year
floodplain has typically been isolated in any given reach, the 5-year floodplain area shows a 20 percent to
50 percent reduction in overall footprint between unregulated (undeveloped) and regulated (developed)
conditions (Figure 4-59). The isolation of the 5-year floodplain has been most prominent downstream of
the Bighorn River confluence (Figure 4-60).

As the 5-year floodplain has a relatively high frequency of inundation, development in this area is
associated with substantial risk of flood damage. To that end, land uses in the 5-year floodplain have
been summarized to estimate the type and extent of developed ground in these areas. Results show that
much of the 5-year isolated floodplain area has been converted to irrigated agriculture (Figure 4-61). In
total, there are over 17,000 acres of irrigated land in the historical 5-year floodplain. Although about
11,000 of those acres are in isolated floodplain areas, about 6,300 acres remain in the active 5- year
floodplain footprint. Those fields within the active 5-year floodplain will be especially prone to flood
inundation under relatively frequent flood events, as a “5-year flood” has a 20 percent chance of
occurrence in any given year.

Reach C9
Undeveloped Floodplain
Undeveloped Flow Condition

Reach C8

Reach C9 7o = =

»

o 05 1 2

Figure 4-57 Reach C9 modeling results showing 5-year floodplain inundation and depth grids
for undeveloped conditions
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Figure 4-58 Reach C9 modeling results showing 5-year floodplain inundation and depth grids
for developed conditions
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Yellowstone River
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Figure 4-60 Statistical summary of 5-year floodplain isolation for all reaches within each region
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Figure 4-61 Cumulative irrigated acreage in both isolated and existing 5-year floodplain area
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4.4.3.32-Year Floodplain Isolation

Figure 4-62 shows an example of the modeling results comparing the unregulated 2-year discharge on an
undeveloped floodplain to the regulated 2-year discharge on a developed floodplain. Hydraulic modeling
output for the 2-year event shows that the wetted width of the modeled cross sections has narrowed
throughout the river corridor.

Legend
2-yr Inundation Developed
[ 2-yr Inundation Undeveloped

4

Figure 4-62 Hydraulic modeling results showing inundated area for 2-year undeveloped and
2-year developed conditions, Reach D12

On a reach-average basis, the most impacted areas are between the mouth of the Bighorn River and the
mouth of the Tongue River, where the inundated area during a 2-year flood event has been reduced on
the order of 40 percent (Figure 4-63). Other areas with a relatively high level of 2-year floodplain
contraction include Laurel to Billings and downstream of Intake.

Figure 4-64 shows an example graphic of depth grid data developed by the Corps in support of fisheries
work on the Yellowstone River. The results show that although much of the contraction in inundated area
consists of relatively shallow flow, the connectivity between the main channel and dominant side channels
has markedly reduced under developed conditions. This observation is purely visual, as changes in
depths for given flow frequencies have not been quantified for this assessment.
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Figure 4-63 Percent change in reach-averaged wetted top width between undeveloped and
developed conditions, 2-year flood

Figure 4-64 Depth grid model output showing example 2-year relative inundation depths for

undeveloped (top) and developed (bottom) conditions
Note: Example is an anabranching channel type in Rosebud County near Forsyth
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When summarized by channel type (Figure 4-65), the mean wetted top width values show that under
undeveloped conditions the average inundated width at a 2-year flood increases from confined channel
types (CM = “confined meandering”) to less unconfined and partially confined channel types (UA =
“unconfined anabranching”). This is likely reflective of the amount of overall floodplain area characteristic
of each channel type. Under developed conditions, however, that overall variability is substantially
reduced so that channel type has a much lower influence on overall 2-year floodplain access. This also
indicates that the most affected channel types are those that are unconfined reaches.

Average 2-Year Inundated Topwidth by Channel Type
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Figure 4-65 Mean reach inundated top width summarized by channel type for undeveloped and
developed conditions

45 Geomorphology

45.1 Introduction

This section describes the extent and nature of primary human influences affecting the overall physical
form and geomorphic processes of the Yellowstone River. Appendix 4 (Geomorphology) contains a
summary of supporting documents, as well as the results of the data analysis performed in support of the
CEA. Spatial and temporal alterations to the system geomorphology are described, with some discussion
of the potential drivers of those changes. This section provides a synopsis of the technical information
provided in Appendix 4 (Geomorphology), with further discussion of the potential role of individual drivers
in affecting geomorphic process within the river corridor. Because of the complexity and magnitude of
evaluating over five hundred miles of river, only selected geomorphic parameters are described in this
report. These parameters have been selected as those that are supported by available data and those
that show demonstrable change that is likely associated with human impacts. These parameters relate to
patterns and changes in overall channel length, side channel length and connectivity, floodplain turnover
rates, bank migration rates, and bankfull channel area. This section also describes the extents and types
of bank armor mapped within the stream corridor.

4.5.2 Major Findings in Support of Cumulative Effects Analysis

The main alterations to the geomorphology of the Yellowstone River relate to human influences of side
channel blockages, altered flow conditions, and bank armoring. As described in previous chapters,
hydrologic analyses indicate that the most pronounced flow alterations are downstream of the mouth of
the Bighorn River, indicating that Yellowtail Dam operations have exerted a major influence on the
hydrology of the lower Yellowstone River. This in turn has affected river form and process below the
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confluence. Upstream of the Bighorn River confluence, changes in hydrology are less pronounced, yet
geomorphic data indicate that these alterations also contribute to changes in river morphology. Bank
armor is present throughout the river corridor and is most concentrated upstream of Miles City. Bank
armor is likely the largest driver of geomorphic response on the river between Park City and the mouth of
the Bighorn River. Physical blockages of side channels are present throughout the system.

Major findings of this assessment include the following:

e Since 1950, about 47 miles of side channel on the Yellowstone River have been blocked by
physical features, typically small dikes. The blockages account for over 80 percent of the total
side channel loss.

e  Prior to 1950, 42 miles of side channel had already been blocked. As a result, a total of about 89
miles of side channel have been blocked by physical features on the river.

e The lower river has seen a major shift in gravel bar features; downstream of the Bighorn River
confluence, the total extent of mid-channel bars has dropped by about 1,100 acres or 43 percent
since 1950. Point bar area has also been reduced.

e |n addition to loss of side channels and mid-channel bars, Regions C and D show a reduction of
bankfull area in excess of 4,000 acres between 1950 and 2001.

e Floodplain turnover rates have dropped since the mid-1970s. Between Springdale and the
Missouri River confluence (Park County Data were not available), the mean annual rate of total
floodplain erosion dropped from 453 acres per year in 1955 to 1976 to 331 acres per year
currently. Mean annual migration rates have dropped by over 20 percent in most reaches.

e One consequence of lower floodplain turnover rates is reduced recruitment of large woody debris;
the post-1976 data show a reduction in the recruitment of closed timber areas by about 50 acres
per year.

e Migration rates in the river corridor vary by land use. Over a 25-year period, banks eroded into
hay ground and irrigated ground an average 40 to 50 feet further than through multiple use
ground (multiple use refers to non-irrigated agricultural land that is adjacent to active agricultural
production. For example, the corners of a field serviced by pivot irrigation). Every region shows
this fundamental trend of increased rates of migration through hay/pasture land and ground
irrigated by sprinkler or flood.

e As of 2011, there was approximately 136 miles of bank armor on the Yellowstone River below
Gardiner, including rock riprap, flow deflectors, concrete riprap, car bodies, and minor extents of
other techniques such as gabions and steel retaining walls. Rock riprap comprises 75 percent of
the total armor. Between 2001 and 2011, about 13 miles of armor was constructed on the river;
the 2011 flood also caused failure of at least four miles of armor, most of which was concrete
rubble and flow deflectors.

Table 4-7 shows a summary of specific human influences described in this section, along with the
associated impact, spatial extent of that impact, and relative magnitude of the impact. Although there are
additional factors that will affect the system geomorphology, such as small channelization projects and
bridge construction, these drivers are not considered in detail due to either a lack of data or their relatively
small overall impact on river process.
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Table 4-7

Summary of Human Impacts on Yellowstone River Geomorphology

Relative Impact

to
Human Influence Geomorphic Impact Spatial Extent Geomorphology
Altered Hydrograph Reduced bankfull area Regions C and D Major
Abandoned side channels System-wide Major
Reduced migration rates System-wide Major
Reduced large woody debris System-wide Major
(LWD) recruitment
Reduced floodplain turnover Regions A-D Major
Loss of mid-channel bars Regions C and D Major
Increased bank erosion Region C Uncertain
Increased tributary destabilization System-wide Uncertain
where flows are augmented by
storm water or agricultural runoff
Increased winter bank erosion Below Bighorn Uncertain
Confluence
Physical Isolation of Active abandonment of side System-wide Major
Floodplain and Side channels
Channels Localized flow concentration and System-wide Uncertain
downcutting
Land Use Conversions  Altered migration rates Regions A-D Moderate
Reduced LWD recruitment System-wide Moderate
Increased Bank Armor System-wide Major
Bank Armor Reduced rates of bank migration, System-wide Major
floodplain turnover, and LWD
recruitment
Local downcutting Areas of high Uncertain
density of armor
Reduced mid-channel bar extent Uncertain Uncertain
Altered Sediment Downcutting Uncertain Uncertain

Regime

Reduced mid-channel bar extent

Regions C and D

Moderate to

Major
Saltcedar Invasion Reduced rates of migration, All areas of Uncertain
channel narrowing invasion (lower
river)

4.5.3 Summary of Results: Geomorphic Change on the Yellowstone River

The following section summarizes a series of geomorphic changes that have been documented in the
river corridor. These changes generally reflect the conversion of the river from a large and very dynamic
river to a less dynamic river with a smaller total footprint. A myriad of human influences can contribute to
a given geomorphic response, so the goal is to try to identify the dominant cause-and-effect relationships
that are evident from available data. Those cause-and-effect relationships are summarized in Table 4-7.
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The types of changes observed include general trends of side channel loss, loss of mid-channel bars,
reduced channel size, reduced floodplain turnover rates, and reduced migration rates. These changes are
associated with reduced flow magnitudes, floodplain features, land use conversions, bank armor, altered
sediment regimes, and potentially the influence of invasive species such as saltcedar.

4.5.3.1Loss of Anabranching Channel Length (Bankfull Side Channels)

Anabranching channels are those side channels that are separated by the river by substantial islands
(areas that support woody vegetation), and as such create split flow patterns at bankfull flow.

In the 1950s, there were approximately 508 miles of anabranching channels in the Yellowstone River
below Gardiner. By 2001 there were a total of 463 miles of anabranching channel. When plotted as
cumulative change in the downstream direction, the anabranching channel datasets indicated that since
1950, more than 50 miles of anabranching channel length has been lost between Livingston and Miles
City (Figure 4-66). Between Miles City and Sidney, the cumulative rate of loss has been much slower, and
downstream of Sidney the length of anabranching channel has increased over 10 miles. This increase in
anabranching channel length below Sidney reflects vegetation encroachment onto mid-channel bar
deposits since 1950, which converted secondary channels around gravel bars into anabranching
channels around forested islands.

The majority of the lost anabranching channel length can be attributed to physical blockages, typically
small dikes. These blockages account for over 80 percent of the total loss in total side channel length
(Figure 4-66). About 47 miles of side channels have been blocked since 1950 by constructed floodplain
dikes. The remainder of side channel loss was likely natural abandonment or passive abandonment due
to reduced flows

Side channels were also blocked prior to 1950. At that time, about 42 miles of side channels had already
been blocked by small dikes. In total, about 89 miles of side channels have been mapped as blocked by
dikes on the Yellowstone River. These channel blockages extend throughout the entire river corridor
(Figure 4-67).

4.5.3.2 Reduced Secondary Channel Length (low flow channels) and Loss of Mid-
Channel Bars

Low flow channels, commonly referred to as “secondary channels,” are those that flow around open
gravel bars. They were evaluated in Regions C and D (Bighorn to the Missouri River) where low flow
aerial imagery was available, and where flows were very similar when the air photos were taken
(Appendix 4 (Geomorphology)). In these areas extending from the mouth of the Bighorn River to the
Missouri River confluence, the Yellowstone River has lost about 40.2 miles of secondary channel length
between 1950 and 2001. Most of this loss occurred between Hysham and Forsyth and below Glendive
(Figure 4-68). These changes were accompanied by a major shift in the types of in-stream bar features in
the lower river; in Reaches C and D the total extent of mid-channel bars has dropped by about 1,100
acres or 43 percent since 1950 (Figure 4-69). Point bar area has also been reduced. There has been a
net gain of bank attached bar area, indicating a conversion of gravel bars in the middle of the river to
gravel bars that are against the riverbank at low flow. This has major implications for aquatic habitat, as
the conversion to bank-attached bars indicates fewer inundated side channels for aquatic species, and
increased access to gravel bars by land animals that predate on birds that nest on open gravel bars.

161
Primary River Element Cause-and-Effect Analysis Geomorphology



Yellowstone River Cumulative Effects Assessment

December 2015

Cumulative Change in Anabranching Length 1950-2001
Gardiner to Missouri River
20 = "
w E %’ -E £ © & g s g ‘g -
T 10 g . E st 2 z £ 2 z 5 £
e ] : = S 5 = z 2 = 2 G &
= 0 Aae—mm A A  — A A A i i i
o
=4
2 -10
g = Cumulative Change in Total —:\\
E -20 Anabranching Channel Length  “—
v} \\/\..\ \M\
Q . .
2 30 | =—Cumulative Loss of Anabranching 5
k- Channel Length by Physical W\\-‘ \\_‘L
2 -10
£ Features
-
(w] - \\ Lm_\—a—u-}l
=0 . g | 9 - B e /
] b = @
60 = = E < 2 @ 3 ‘\A‘.
= =] = ] 20 =) =)
v [=a] v (W) = (=
70 @ & & ® @ @
-80
600 500 400 300 200 100 0
River Mile
Figure 4-66 Cumulative 1950-2001 loss of anabranching channel length and cumulative isolation of side channels by physical

features

162

Primary River Element Cause-and-Effect Analysis

Geomorphology



Yellowstone

River Cumulative Effects Assessment December 2015

Length of Side Channel Blocked by Physical Features

7.0 T

6.0 -

M 1950-2001 Loss
 Pre-1950's Loss

5.0

4.0

3.0

20

1.0

0.0

Total Length of Side Channels Blodked (miles)

=
(SN
g a

(18

i

0 o o
@ o o
© o

L

=)}
Q
a

Qo
— o

0 NS W X O N Y Y QO = om oW
5] v Vv VU U = 4 =S = A N O 0 000
O U U O 0 O

A2
Ad
AB
A8
Al0

N~ = M
[CaNS) - = e
[ o o o

PC11
PC13
PC15
pPC17
PC19
pPC21
Al2
Al4
Al6

Reach

Figure 4-67 Total side channel loss due to blockages, pre- and post-1950s
Cumulative Change in Secondary Channel Length
100 1950-2001 ===Cumulative Change |
) O Towns
00 //\.;\'\ A Tributaries |
T 100 N | A TN
E; ‘\‘_—-"'— T “‘!\\
:E’ 200 5 S g M
s g : AN
i.‘., -30.0 7S A
g S = 5 S >
S -40.0 % g g E 5 5 -40.2
T L =3 [~ G} a
-50.0 O O Q Q Q O
60.0 Q o Q (=1 Q (=1 o o
& ? : . River Mile - . )
Figure 4-68 1950-2001 cumulative change in secondary channel (Bighorn River confluence to
mouth)
Regions Cand D
7 Total 1950-2001 Change in Open Bar Acreage
Ea 2000
-~ 1425 B Total Change in Acreage
E 1500
=
& 1000
om
g 500
o
o]
£ 0 -
o
E 500 -
(@] -543
'Tg -1000 -868
2 1500 -1100
Point Bar Bank Attached Bar Mid Channel Bar All Bars
Figure 4-69 Total change in extent of open bar types, 1950-2001
163
Primary River Element Cause-and-Effect Analysis Geomorphology




Yellowstone River Cumulative Effects Assessment December 2015

4.5.3.3 Reduced Bankfull Channel Area

Digitized banklines of the active channel margin were used to estimate the total bankfull channel area for
each reach through time. Demonstrated changes in channel area depict general trends in the overall size
of the river and were not correlated to specific discharges. Upstream of the Bighorn River, the total
channel area as measured on air photos has been reduced by 1,760 acres between 1950 and 2011.
Downstream, however, the trend is reversed; there was a net loss of 4,460 acres between the Bighorn
River confluence and the mouth. When plotted by individual timeframe for Regions A-D (Park County
data were not available for all time steps), the continual loss of bankfull area below the Bighorn River is
evident (Regions C and D; Figure 4-70).
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Figure 4-70  Total change in bankfull channel area by reach, 1950s-2001

Upstream of the Bighorn River, the consistent gain in bankfull area combined with a net loss of
anabranching channels indicates that the primary channel has enlarged since 1950. Much of this
enlargement occurred between 1995 and 2001 (see Figure 4-71) and may relate to the 1996 and 1997
floods, which were concentrated in the upper river. With the reduction in anabranching channels in
Regions A and B, it appears that there was a net gain in overall channel footprint, indicating expansion of
the main thread that exceeded the lost side channel area. Downstream in Regions C and D, the channel
contraction is more affected by a reduction in channel forming flows.

4.5.3.4 Reduced Floodplain Turnover Rates and LWD Recruitment

Floodplain turnover rates have dropped in Regions A through D since the mid-1970s. Between
Springdale and the Missouri River confluence (Park County Data were not available), a comparison of the
1950 to 1976 and 1976 to 2001 timeframes show that whereas the 26 years in the pre-1976 time period
was characterized by the erosion of 11,781 acres of floodplain, the subsequent 25 years saw the erosion
of 8,285 acres. Annualized data indicate that the mean annual rate of total floodplain erosion dropped
from 453 acres per year to 331 acres per year (Figure 4-72).

One consequence of lower floodplain turnover rates is reduced recruitment of large woody debris (LWD);
the post-1976 data show a reduction in the annual recruitment rate of closed timber areas by about 56
acres per year. Flow alterations on the Bighorn River have also reduced the rate of large wood
recruitment from that system to the Yellowstone River (M. Ruggles, MFWP, personal communication).
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Figure 4-72 Annualized rate of floodplain turnover by timeframe, Regions A -D

4.5.3.5 Reduced Migration Rates

Measurements of non-armored bank migration indicate that there has been a river-wide reduction in
average rates of bankline movement pre- and post-1976. Mean annual migration rates have dropped by
over 20 percent in most reaches below Springdale (Figure 4-73 and Figure 4-74), although Park County
does not show any clear trend. Upstream of the Bighorn confluence, reach-scale mean migration rates
have dropped from an average of 6.4 feet per year to 5.3 feet per year. Downstream of the Bighorn
confluence, rates have dropped from an average of 8.7 feet per year to 4.9 feet per year

Migration rates in the river corridor vary by land use. Every region shows a trend of increased rates of
migration through hay/pasture land and ground irrigated by sprinkler or flood that are easily erodible, and
the trend is most distinct in Regions B through D (Figure 4-75).
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Figure 4-73 Net change in average annual migration rate pre- and post- 1976
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Figure 4-75 Mean migration rate for selected agricultural land uses summarized by region

4.5.3.6 Expansion of Bank Armor
As of 2011, there was approximately 136 miles of bank armor on the Yellowstone River below Gardiner,
including rock riprap, flow deflectors, concrete riprap, car bodies, and minor extents of other techniques
such as gabions and steel retaining wall (Figure 4-76). Rock riprap comprises 75 percent of the total
armor (Figure 4-77).

Between 2001 and 2011, about 13 miles of armor was constructed on the river. The 2011 flood also
eroded behind at least four miles of armor, most of which was concrete rubble and flow deflectors

(Figure 4-78).
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Figure 4-76 Cumulative upstream to downstream plot showing bank armor trends for rock
riprap, concrete riprap, and flow deflectors
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Figure 4-77 Relative extents of bank armor types, 2011

Figure 4-78

Flanked armor in the middle of the river, Region C

The dominant land uses protected by bank armor are agriculture and the active rail line, which collectively
account for 73 percent of the total mapped bank protection (Figure 4-79). The third most common
application of bank armor is in urban/exurban areas. Most communities on the river are characterized by
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high concentrations of bank armor; between Laurel and Billings, over 30 percent of the bankline is
consistently armored (Figure 4-80).
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Figure 4-79 Types of land uses protected by bank armor, Regions A-D
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Figure 4-80 Percent of streambanks armored by reach

There is no clear correlation between armor extent and geomorphic process due to the variable impact of
armor with regard to the impedance of natural channel movement. The data are clear that the
Yellowstone River has experienced reduced rates of movement and floodplain turnover along with ever
increasing extents of bank armor. These processes are very likely linked; however, the quantitative
correlation of these parameters will require more detailed investigation.
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4.5.3.7 Potential Downcutting

There are limited data available to assess the extent of vertical downcutting on the Yellowstone River.
However previous studies show some evidence of local downcutting near South Billings Blvd. where bank
armor density is high (Reach B1; Womack and Associates 2001). This is supported by observations of
secondary channels from 1950 being passively perched in this area by 2001 (Appendix 4
(Geomorphology)). Downcutting can result in a lowering of base level at tributary confluences, which will
drive incision on those streams.

4.5.4 Primary Human Influences affecting Yellowstone River Geomorphology

The following section describes the primary potential linkages between human influences and river form
and process on the Yellowstone River. The geomorphic changes identified on the river consist of an
overall reduction in geomorphic complexity and dampening in rates of change such as channel migration
and floodplain turnover. These shifts in river geomorphology are described below with respect to potential
drivers and associated interrelationships.

4.5.4.1 Altered Hydrograph

As described in Section 4.2, the hydrology of the Yellowstone River has been substantially altered due to
both irrigation practices throughout the basin and dam operations on the Bighorn River. The primary
types of flow alterations that have the potential to impact geomorphic parameters include reduction in the
duration and magnitude of channel-forming flows and reduced flood magnitudes. Both of these flow
regimes impart work in the geomorphic system and their reduction can result in the following:

1. Reduced total bankfull area: If channel forming flow magnitudes and durations are reduced, the
channel will respond via riparian encroachment into areas that were previously regularly scoured,
and in an eventual contraction of the channel. These reductions in bankfull area that are at least
in part related to lower flows on the river are concentrated below the mouth of the Bighorn River,
indicating that flow alterations on the Bighorn River are a primary driver of reduced bankfull
channel area (Figure 4-70).

2. Abandoned anabranching channels: Lowered flow magnitudes result in sediment infilling and
passive abandonment of side channels. This process was identified as a major driver in the
abandonment of side channels on the Bighorn River (USBOR 2010). In their study of side
channel abandonment on the Bighorn River below Yellowtail Dam, USBOR (2010) concluded that
flow reductions resulted in less frequent and lower energy inundation of side channels, which
resulted in sediment deposition at the entrances of those channels. Since the channels were dry
for longer periods of time, vegetation encroached into the channels, which further inhibited side
channel scouring and maintenance.

3. Reduced rates of channel migration, floodplain turnover, and large woody debris recruitment:
Reduced instream energy due to lower flows results in lower rates of bank movement and
floodplain turnover. This in turn reduces the rate of large woody debris recruitment to the river.

4. Loss of mid-channel bars. Flow alterations that result in riparian encroachment into the stream
channel will stabilize historical bar features and reduce the number of open gravel bars in the
river footprint.

5. Increased winter-time bank erosion: Increased winter flows due to dam operations have the
potential to alter the rates and patterns of wintertime bank erosion. Although this has not been
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investigated as part of the Cumulative Effects Investigation, there has been some input from local
stakeholders in the Hysham area to that effect.

On a more localized level of flow alterations, urban storm water and agricultural runoff that is
routed back to the river through ditches or tributaries can result in downcutting and destabilization
of those geomorphic features.

4.5.4.2 Land Use Conversion within the Channel Migration Zone

As described in Appendix 4 (Geomorphology), there has been substantial development of land within the
Channel Migration Zone (CMZ) of the Yellowstone River. Within the historical migration zone, which
defines the collective footprint of the river since 1950, about 830 acres of ground have been converted to
irrigated agriculture. At Billings, over 80 acres of the historical migration zone have been developed to
urban/exurban land uses. Other map units in the CMZ footprint include the Erosion Hazard Zone, which
identifies areas prone to future erosion as the river continues to migrate across its floodplain, and the
Avulsion Hazard Zone, which identifies areas prone to excavation of new channels through meander
cutoff or floodplain avulsion. Development within the erosion/avulsion hazard zone therefore reflects land
use conversions adjacent to the active river corridor where risk of erosion is high. These areas, which in
combination with the historical migration zone delineate the active river corridor, have been extensively
developed for irrigation, transportation, and urban/exurban land uses. As of 2011, approximately

19,500 acres of land mapped within the erosion/avulsion hazard zone were irrigated, representing about
a third of the entire erosion/avulsion hazard zone (Figure 4-81).
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Figure 4-81 Total extent of irrigated land within erosion/avulsion hazard zone by reach, 2011

In 1950, about 1,500 acres of urban, exurban, and transportation—related land was located within the
erosion/avulsion hazard zone of the Yellowstone River. By 2011, that number approximately doubled to

3,311 acres (Figure 4-82).
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Figure 4-82 Total extent of urban/exurban and transportation land use within erosion/avulsion
hazard zone by reach, 2011

The nature and extent of development within the Yellowstone River corridor indicates that infrastructure
investment in areas along the river that are prone to erosion has been ongoing since pre-1950 (Appendix
4 (Geomorphology)). With regard to Cumulative Impacts, development within the CMZ commonly consists
of the following impacts:

1. Riparian clearing and wetland modifications.

2. Altered channel migration rates: The analysis of migration rates indicates that agricultural areas
that have been cleared of riparian vegetation have higher migration rates than areas defined as
“multi-use,” which includes riparian bottoms that support woody riparian vegetation, primarily
cottonwood forest (Appendix 4 (Geomorphology)).

Expansion of bank armor to protect those areas at risk of river erosion (see Figure 4-83).
Blockage of side channels to expand developable areas and facilitate access to those areas.

Reduced LWD recruitment. Large Woody Debris recruitment is a function of both the rates of
floodplain turnover and the availability of riparian forest for recruitment (Figure 4-84). Riparian
clearing reduces the overall availability of riparian forest for recruitment.

4.5.4.3 Physical Isolation of Floodplain and Side Channels

Section 4.4.3.2 describes the role of floodplain dikes on isolating floodplain area. In addition to floodplain
dikes, small field dikes have been constructed to block side channels since before 1950 (Figure 4-85).
These impacts can drive the following geomorphic responses that are seen in the geomorphology data:

1. Active abandonment of side channels due to physical blockages. This impact is clearly
demonstrated along the entire length of the Yellowstone River.

2. Potential local downcutting. When side channels are abandoned or the floodplain is constricted,
the remaining flow is focused into the main thread, which can cause flow concentration and
downcutting. The data regarding downcutting on the river are somewhat speculative, and such
processes may warrant further study.
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Figure 4-83 Active Bank Erosion, Upper Yellowstone River
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Figure 4-85 Air photo from 1950s of Reach C11 near Cartersvnle Brldge
Note: A small dike (red arrow) is blocking a side channel in meander core by 1950; flow is left to right

4.5.4.4Bank Armoring

Bank armoring can have both impacts at a local scale as well as on a more regional scale. Bank armor is
common on the river in the form of rock riprap, concrete rubble, and flow deflectors (Figure 4-86 and

Figure 4-87).

Figure 4-86 Perched flow deflector, Region PC
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Some of the impacts of bank armoring include the following:

1. Reduced rates of floodplain turnover, channel migration, and LWD recruitment. As bank armor is
constructed to stop bank erosion, it directly reduces rates of turnover and recruitment of wood
into the river.

2. Channel downcutting. On a larger scale, extensive bank armor can focus flows, and increase
velocities at a given discharge. This has been noted as a driver for reach-scale channel
downcutting. According to the State of Washington Integrated Streambank Protection Guidelines
(Cramer et al. 2002), riprap projects cumulatively tend to lead to channel shortening, incision, and
degradation of aquatic and riparian habitat.

3. Reduced mid-channel bar extent. Bank armor reduces rates of sediment recruitment from
banklines, which can reduce overall sediment loading to streams. This in turn can result in a loss
of mid-channel bars, especially where sediment loading is further reduced by impoundments such
as below the mouth of the Bighorn River.

4.5.4.5 Altered Sediment Regime

Bank armoring and sediment trapping in reservoirs both reduce sediment loading to the Yellowstone
River. The primary driver for sediment regime alteration on the Yellowstone River is Yellowtail Dam.
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Upstream of the mouth of the Bighorn River, there are substantial sediment inputs from both tributaries
and streambanks. In the Paradise Valley, for example, there are some very large sediment sources that
create very dynamic river channels downstream (Figure 4-88).

e

B

Figure 4-88 Natural sediment recruitment from high glacial outwash terraces, Region PC

Further downstream, sediment regime alterations become more prevalent. Prior to the completion of
Yellowtail dam, the estimated annual sediment delivery at the mouth of the Bighorn River was estimated
at 7.2 million tons/year. Based on 6 years of post-dam data, sediment production was reduced by 80
percent to 1.5 million tons per year (Silverman and Tomlinson 1984). Koch et al. (1977) showed that the
spatial extent of gravel bars on the Bighorn River was reduced by 77 percent following dam completion.

In 2010, the Bureau of Reclamation estimated that Bighorn Reservoir was capturing 5.2 million cubic
yards (3,224 acre-feet) of sediment per year (USBOR 2010b). The analysis of floodplain turnover rates on
the river indicates that since 1976 the mean floodplain turnover rate on the river has dropped by 180
acres per year. Using an estimated 9-foot bank height, this equates to about 2.6 millions of cubic yards of
material that is no longer entering the river from streambanks on an annual basis. That coarse estimate
indicates that with regard to major causes of sediment reduction, sediment storage at Bighorn Reservoir
accounts for about 2/3 of the total reduction of 7.8 million cubic yards per year (Figure 4-89). The storage
estimate should also be considered conservative as it does not include sediment stored in Buffalo Bill and
Boysen Reservoirs upstream.
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Figure 4-89 Estimated reduction in sediment delivery from Bighorn Reservoir Storage and
Mainstem Yellowstone Bank Erosion (reservoir storage volumes from USBOR
2010b)

Impacts associated with a reductin in sediment loading include the following:

1. Channel downcutting: This is a common geomorphic response to reduced sediment loading. On
the Bighorn River, however, the USBOR (2010) concluded that there has been no downcutting on
that system below the dam. The impacts on the Yellowstone River, which is finer grained and
more susceptible to vertical adjustment, are uncertain.

2. Reduced open gravel bars: In combination with flow alterations, sediment loading reductions will
result in a reduced extent of dynamic in-stream gravel bars. Commonly, streams that have been
starved of sediment result in coarse armoring of their beds, which results in reduced overall rates
of gravel bar formation and reworking.

4.5.4.6 Invasive Species

Invasive species have the potential to affect river process. Manners (2013) found that the encroachment
of non-native saltcedar into the riparian corridor initiated channel narrowing. Saltcedar infestations altered
river processes by promoting floodplain deposition and reducing floodplain stripping (Manners 2013). The
tamarisk first stabilized on mid-channel bars, and then established in floodplain depressions, significantly
narrowing the river channel. Ongoing saltcedar expansion on the Yellowstone River may contribute to
trends of reduced bank migration rates and reduced bankfull channel area.
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4.6  Water Quality

4.6.1 Introduction

Water quality is commonly defined as the chemical, physical, biological, and radiological properties of
water relative to an intended use such as for drinking water, industry, agriculture, aquatic life support, or
recreation. Water quality is an important aspect of any river system, especially so for the Yellowstone
River, which originates near Yellowstone National Park and represents one of the few remaining relatively
unmodified river ecosystems in the lower 48 states. Human (anthropogenic) and natural factors influence
water quality throughout the diverse environmental setting of the 71,000 square mile (nearly 45 million
acres) Yellowstone River Basin (Zelt et al. 1999 and North Dakota Department of Health). As the
cumulative drain for the basin, the Yellowstone River integrates water quality characteristics of all land
uses and human activities in its many tributaries.

Appendix 5 (Water Quality) contains a thorough review and presentation of pertinent Yellowstone River
data, specific studies, and peer reviewed literature. For the purpose of the Cumulative Effects Analysis
(CEA) report, water quality is presented and evaluated primarily for the mainstem Yellowstone River in
Montana and North Dakota, but does address water quality-related issues for major tributaries and the
larger Yellowstone drainage basin, as appropriate. Table 4-8 provides a matrix indicating the principle
human influences on water quality and the estimated scope and scale of those influences that are
addressed in this report.

Table 4-8
Principle Human Influences on Water Quality in the Yellowstone River
Relative Impact

on Water

Human Influence Impact on Water Quality Spatial Extent Quality
Transportation — Pollution Runoff: deicer, organic System-wide Slight
roads and bridges and petroleum compounds, and

sediment

Pollutant Spills: petroleum System-wide at Major

products and hazardous materials  bridge and pipeline

crossings

Agriculture - Irrigation Return Flow and System-wide Major
irrigation Leaching: elevated nutrients, salts,

pesticides, and sediment

Irrigation Withdrawals: reduced Below Bighorn Major

summer low flows: pollutant
concentration, water temperature
increase and reduced DO

Agriculture — Animal  Runoff and Ground Water Limited extent Moderate
Feeding Operations Discharge: sediment, nutrients, system-wide but

organic matter, and pathogens pronounced in

specific reaches

Agriculture — Land Riparian and Wetland Conversion  System-wide Major
Use Conversion to Ag Cropland: sediment,

nutrients, salts, and pesticides
Agriculture - Grazing  Riparian and Wetland Alteration: System-wide Moderate

sediment, nutrients, pathogens and
invasive species
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Relative Impact
on Water

Human Influence

Impact on Water Quality

Spatial Extent

Quality

Communities: nutrients, salt, and
altered carbon cycle

Urban/Exurban — Conversion within 100-year FP to System-wide, but Major
Land Use Conversion Urban/Exurban: sediment, pronounced near

nutrients, pathogens, semi-volatile larger cities and

organic compounds (SVOCs), and  towns

pharmaceuticals
Urban/Exurban- Stormwater Runoff/Impermeable Specific Reaches Moderate
Urbanization Surfaces: altered hydrology, near large urban

elevated water temperature, centers

deicers, sediment, grease,

pathogens, nutrients, pesticides,

and organic compounds, and

SVOCs
Exurban - pollutant Septic system ground water System-wide, but Moderate
discharge pollution: nutrients, pathogens, pronounced near

pharmaceuticals population centers
Municipal/Industrial Wastewater Discharge: nutrients, Specific reaches Major
Discharge pharmaceuticals, metals, SVOCs, near large urban

and total organic carbon centers, primarily in

the Park City to
Huntley corridor

Municipal/Industrial Water Withdrawals: reduced Below Bighorn Slight
Water Use summer low flow: pollutant

concentration, water temperature

increase, and reduced DO
Off-Channel: Bighorn Hydrologic Alteration: reduced Below Bighorn Major
Reservoir spring high flow; lower summer low

flow; higher winter flows; elevated

winter water temperatures; and

reduced sediment delivery
Invasive Species Altered Riparian and Wetland System-wide, but Major

primarily Regions
B-C

Climate Change

Modified Hydrograph: earlier,
runoff; lower late season flow and
lower base flow; concentrated
pollutants; and warmer water
temperatures

System-wide, but
accumulative effect
downstream

But if recent
trends continue,
the impact is
rated moderate in
the short-term
and major in the
long-term.

4.6.2 Summary of Existing Data

Water quality, bed and suspended sediment, and fish tissue data for the Cumulative Effects Analysis
(CEA) reaches has been compiled using a number of data sources and correlated to one of the 11
Montana Department of Environmental Quality (MDEQ) assessment unit identification codes (AUIDs) for
the Yellowstone River. Analysis of USGS records at the ten Yellowstone River mainstem gaging stations
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along with other analytic results downloaded from the Water Quality Portal were used to characterize past
and present conditions on the Yellowstone River (MDEQ 2014a; USGS 2014b; and PBS&J 2005).
Figure 4-90 shows the relative locations of the USGS gages.
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Figure 4-90 Map of Yellowstone River fixed stream gage and water quality stations operated by

the USGS
Note: For a list of Montana stream gages operated by the USGS in Montana see
http://waterdata.usgs.gov/MT/nwis/current/?type=flow

Table 4-9 provides a general correlation of USGS fixed-station gages with the geomorphic reaches
established for the Yellowstone River. Results presented for the respective USGS stations are largely
representative of conditions upstream of the station unless noted otherwise. The station at Billings
integrates water quality of the Yellowstone River with that of the Clarks Fork, which enters above the
station. Similarly, the Forsyth station integrates the Bighorn River and the Glendive station integrates the
effect of the Powder River and the Tongue River on the Yellowstone River. Water quality concentrations
are presented here in metric units as they are commonly reported throughout the academic and scientific
community. Conversions to English units are included, as appropriate.

4.6.3 Water and Sediment Quality

Water quality of the Yellowstone River is sensitive to geographic location since common chemical and
physical parameters used to characterize water quality vary considerably as a result of differences in
physiographic, climatic, geologic, and anthropomorphic influences within the very diverse region that
makes up the Yellowstone River watershed. Following is a discussion of the major water quality and bed
sediment characteristics of the Yellowstone River taken from a review of pertinent literature and analytic
sample analysis.
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Table 4-9

USGS Stations along the Yellowstone River in Montana and North Dakota
USGS Station Respective CEA
Identification Number Station Name Reach Number
06191500 Yellowstone River at Corwin Springs, MT PC1 - PC2
06192500 Yellowstone River near Livingston, MT PC3 - PC14
06195750 Yellowstone River at Springdale, MT PC15 - PC21
06195950 Yellowstone River at Big Timber, MT Al - A4
06214500 Yellowstone River at Billings, MT A5 -B1
06295000 Yellowstone River at Forsyth, MT B2 — C10
06309000 Yellowstone River at Miles City, MT Cl1-C16
06327500 Yellowstone River at Glendive, MT Cl17 - D5
06329500 Yellowstone River near Sidney, MT D6 — D12
06329610 Yellowstone River No. 2 near Cartwright, ND D13-D16

4.6.3.1 Hydrogen lon (pH) Concentration

Hydrogen lon concentration is a measure of acidity and alkalinity in water and is typically reported in pH
units. A pH value of 7.0 represents a neutral solution; greater than 7.0 is alkaline and below 7.0 is acidic.
In general, water in the Yellowstone River is considered alkaline with pH ranging from 7.4 to 8.6. The
1999-2001 National Water Quality Assessment (NAWQA) program reported a maximum pH value at
Forsyth of 8.4 and a low pH of 7.2 at Corwin Springs; pH generally increases in a downstream direction
and typically is within established Montana and North Dakota water quality standards for pH (Miller et al.
2005).

4.6.3.2 Dissolved Oxygen

Dissolved oxygen (DO) is a measure of how much oxygen gas is dissolved in water. DO comes from the
atmosphere and from photosynthesis by aquatic plants and is depleted through chemical oxidation and
respiration by aquatic animals and microorganisms, especially during the decomposition of plant biomass
and other organic material. The amount of oxygen that dissolves varies in daily and seasonal patterns,
and decreases with higher temperature, salinity, and elevation (atmospheric pressure). Cold water holds
twice as much DO as warm water (Wetzel 2001). Water quality standards for DO are based on aquatic
life stages present rather than a single concentration (MDEQ 2012a). Concentrations of DO are generally
around 8 to 10 mg/L. Several instances of low DO levels below Billings (B3-B4 during summer 2010) may
be related to moderate levels of eutrophication noted in following sections of this report. Summer season
values are typically higher in the river’s headwaters and lower going downstream as water temperature
increases (Miller et al. 2005).

4.6.3.3 Total Dissolved Solids

The amount of dissolved material in water is called Total Dissolved Solids (TDS) and is typically
expressed in milligrams per liter (mg/L). TDS includes sodium, calcium, magnesium, bicarbonate,
chloride, and other water soluble material that remains as a solid residue after the liquid is evaporated.
Excess dissolved solids can adversely affect aquatic life, industrial, agricultural, and drinking water
beneficial uses. TDS concentration is expressed in units of milligrams per liter (mg/L), but a measurement
of electrical conductivity (EC), which is another measurement of dissolved minerals (or salinity), is
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expressed in units of microsiemens per centimeter (uUS/cm)2. EC is a measure of the capacity of water to
conduct electricity; the more ions in water, the more electricity is conducted. TDS values at USGS gage
sites on the Yellowstone River are inversely correlated to discharge as indicated at the Sidney gage
(Figure 4-91) and increase in lower flow volumes (become more concentrated). Conductivity (uS/cm)
shows a good relationship to discharge and appears to still be within the expected range given the
environmental setting. Figure 4-92 shows conductivity at stations along the Yellowstone River.

Concentrations of dissolved solids in the Yellowstone River generally increase in a downstream direction
as the increasingly larger watershed concentrates naturally weathered minerals. Median dissolved solids
concentrations in the Yellowstone River increased from 152 mg/L near its headwaters to 453 mg/L at the
farthest downstream site at Sidney. Human activity that results in increased weathering and delivery of
minerals such as irrigation, coal mining, oil extraction, and industrial and municipal wastewater
discharges can elevate dissolved solids in the river. EC values below 1,000 uS/cm are considered well
suited for most uses, with irrigation generally having the greatest sensitivity since plant functions are
affected by higher EC values. Values greater than 2000 uS/cm are considered detrimental for long-term
irrigation. Currently, there is insufficient data to know how much TDS or EC concentrations have
increased in the Yellowstone River.

Sidney, MT (USGS Sta. No. 06329500) Discharge
Relative to Specific Conductivity
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Figure 4-91 Specific conductivity at USGS gage at Sidney
Note: Gage represents the water quality of the final 75 miles or so of the Yellowstone River water before the
confluence with the Missouri

2 There is not a standard direct relationship between TDS concentrations in mg/L and EC in pS/cm; however, the
relationship generally ranges from 0.5 to 0.7 times puS/cm = mg/L.
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Figure 4-92 Range of values for specific conductivity (uS/cm) at seven fixed-station USGS
gages along the Yellowstone River

Note: Values increase going downriver as salts and other dissolved ions accumulate

Neither Montana nor North Dakota has established numeric water quality standards for EC in the
Yellowstone River. Montana designated seasonal numeric EC and sodium adsorption ratio (SAR)
standards for the Powder River, Little Power River, Tongue River, and Rosebud Creek tributary drainages
in conjunction with efforts to protect use of these waters for irrigation and aquatic life (ARM 17.30.670) in
light of increased groundwater discharges in Wyoming and Montana as part of expanding coal-bed gas
development and production in the late 1990s and early 2000s. Coal-bed gas development involves
dewatering coal seams to release trapped methane gas. Pumped coal-bed gas groundwater is typically
stored or released to nearby drainages after the gas is trapped and stored. Statistically weak trends in EC
and associated SAR values at some sampling sites on the Tongue and Powder Rivers have been noted
and possibly attributed to coal-bed gas production and other sources (Sando et al. 2014; Clark 2012).

4.6.3.4 Nutrients

Phosphorus and nitrogen play an important role in the growth of nearly all organisms. However, when
they are present in high concentrations, they become pollutants (USEPA 2014a). The primary effect of
excessive nutrients in rivers, lakes, and streams is to stimulate algal and aquatic plant growth (see
Figure 4-93). Some algal species produce potent toxins that kill humans, livestock, and aquatic and
terrestrial wildlife (see Table 4-10). Algal growth can also produce undesirable odors and taste in drinking
water. Excess nutrients are responsible for impairment of some 206 assessment units (total N) and 235
assessment units (total P) in streams in Montana (MDEQ 2014).

Nutrient concentrations vary by season. Dissolved nitrate concentrations generally are largest between
October and March when plant growth and nutrient uptake is low and ground water influence is greater
(Peterson and Porter 2002). Nitrate concentrations in the Yellowstone River increased downstream from
an average of about 0.08 mg/L at Corwin Springs to an average of greater than 0.3 mg/L near Sidney
(Miller et al. 2005; Peterson et al. 2004). Nitrate-nitrogen concentrations generally remained below
detection limits, though a value of 0.053 mg/L was recorded at Billings and a value of 0.772 mg/L was
recorded in the Clarks Fork of the Yellowstone River.
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Figure 4-93 Excessive benthic algal growth is shown in this photo of streambed cobble

Table 4-10
Impacts of Excessive Algal Growth on Water Bodies

Impacts to Human Uses Impacts to Aquatic Uses

Drinking water taste and odor Harmful diel (night/day) fluctuations in pH and DO

Water clarity is reduced Total biomass of algae is increased relative to
other organisms

Blockage of intake screens and filters Changes in species composition of algae and
related diatoms

Disruption of water treatment processes Macrophyte over-abundance — impedes flow and
passage

Increased disinfection required which creates Reduces macroinvertebrate and fish habitat

potential carcinogens in drinking water especially near shorelines

Swimming, boating, and other recreational uses Increased probability of fish kills due to depleted

are restricted dissolved oxygen

Fouling of submerged infrastructure Toxin producing algae (more so in reservoirs)

Reduced property values and amenity (odor and Affects distribution and abundance of fishery
aesthetics)

Lost tourism income

Source: Smith et al. (1997) and Dodds et al. (2009) cited in Flynn and Suplee (2013).
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Tributaries are a sizeable source of nutrient load in the Yellowstone River. Instantaneous dissolved nitrate
loads of 280 kilograms per day (kg/d) and 297 kg/d were estimated for the Yellowstone River at Billings
and the Clarks Fork, respectively, while the Bighorn River had an instantaneous dissolved nitrate load of
775 kg/d. Dissolved nitrate concentrations are higher in basins with more agricultural and grazing lands
compared to forest lands. Corwin Springs, Montana, had the greatest ammonia concentrations and is
influenced by geothermal spring waters that are high in ammonia.

Total phosphorus concentrations increased from 0.016 mg/L at Corwin Springs to 0.038 mg/L in the lower
segments of the river. Total phosphorus concentrations are largest between April and June when
suspended sediment in runoff is at its peak concentration (Miller et al. 2005).

Total nitrogen and phosphorus values during the growing season are generally within the numeric
nitrogen and phosphorus standards proposed by the MDEQ (Flynn and Suplee 2013; Suplee et al. 2014).
The proposed standards are 55 micrograms per liter (ug/L) total phosphorus and 655 ug/L total nitrogen
between the Bighorn and Powder Rivers and 95 ug/L total phosphorus and 815 ug/L total nitrogen from
the Powder River confluence to the Montana state line. The numeric standards were developed to protect
recreational uses. The standard for benthic algal density (Chlorophyll a) is less than 150 milligrams per
square meter (mg/m?2) during the growing season (Suplee et al. 2014). Winter total phosphorus and total
nitrogen concentrations occasionally exceed the standard. Development of numeric nutrient criteria for
upper sections of the river is in progress.

Although concentrations of nutrients in the Yellowstone River have been found to occur at relatively low
values, nutrient enrichment in Regions PC, A, B, and C and major tributaries (Clarks Fork, Bighorn and
Powder Rivers) has been identified (Peterson and Porter 2002; Peterson et al. 2004). Nuisance growth of
filamentous algae occurs in segments of the Bighorn River and Clarks Fork (Peterson and Porter 2002).
Microalgae biomass was greatest near Billings (Reach B2) and Forsyth (Reach C10) in the Yellowstone
and near the mouths of the major tributaries. Algal standing crops and chlorophyll a concentrations were
highest in the middle sections of the Yellowstone River and appeared to be related to inflows from the
Clarks Fork and Bighorn River. A maximum chlorophyll a concentration of 797 mg/m2 was recorded in the
Yellowstone River at Billings (Reach B2). Turbidity in the lower river associated with suspended matter
that suppresses available light in the lower river below Forsyth likely plays a role in suppressing algal
production there.

Potential sources of nutrients that could drive the observed response of algal biomass in the middle
Yellowstone River are atmospheric deposition, upstream residential development (lawn fertilizer, septic
tanks, and domestic animal waste), and irrigated agriculture (Flynn and Suplee 2013; Peterson and
Porter 2002; Zelt et al. 1999). In the Yellowstone River Basin, nonagricultural sources of phosphorus
have contributed an estimated 65 percent of the total phosphorus yield (Smith et al. 1997). Related
nutrient enrichment responses in western streams have been associated with increases in rural and
residential development in the west. Point sources in the Laurel to Billings reaches (B1 and B2) have
been calculated to contribute less than 30 percent of the nitrate load compared to nonpoint source loads
contributed by the Clarks Fork (Newby, cited in Peterson and Porter 2002).

Algal biomass and community structure appear to be influenced by the relative availability of nutrients
(dissolved inorganic and organic nitrogen) as well as the relative turbidity of the water. For the most part,
primary production in the Yellowstone River is considered nitrogen limited. With relatively large amounts
of phosphorus available in the Yellowstone River, attention should be given to ensure that sources of
additional nitrogen do not increase the moderate levels of eutrophication already observed in the river.
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The relative impacts of nutrient export from the Yellowstone River drainage basin into the larger
Mississippi River basin were also evaluated (USEPA 2014; Brown et al. 2011 and USEPA 2004a).
Results of the Spatially Referenced Regressions On Watershed attributes (SPARROW) model for the
Yellowstone River indicate that the estimated delivered aggregated yield of total nitrogen to the Gulf of
Mexico is only about 12 kg/km?/year (0.11 Ibs/acre/year) compared to other Mississippi River tributaries
that contribute up to an estimated 1,318 kg/km?/year (11.8 Ibs/acre/year) (Frankforter et al. 2015, in
review; Brown et al. 2011) (Robertson et al. 2014). Frankforter et al. (2015, in review) used a 2002 base
year, Yellowstone specific SPARROW model to rank the top 20 relative sources of total nitrogen using 8-
digit Hydrologic Units (HUCS8s). The SPARROW model identified six potential sources of total nitrogen:
farm fertilizer, manure from confined animals, inputs associated with legume crops, atmospheric
deposition, wastewater treatment plants (WWTPs), and urban areas. Seven sources of total phosphorus
were identified: farm fertilizers, total manure, WWTPs, urban areas, wetland/forested areas, channels in
moderate-size streams, and deeply weathered loess (wind deposited) soils.

The model predicts that the largest source of total nitrogen delivered aggregated yield in the Yellowstone
River basin is the Shoshone River basin in Wyoming, followed by the Upper Yellowstone — Pompeys
Pillar and the Upper Yellowstone — Lake Basin HUCS8s. The top 20 HUCS8s are projected to contribute 83
percent of the total nitrogen yield in the basin. Farm fertilizers (41 percent) and atmospheric deposition
(30 percent) were the primary sources of delivered nitrogen. Waste water treatment plants were projected
to contribute up to 38 percent of the total nitrogen yield in the Upper Yellowstone — Pompeys Pillar HUCS,
although it should be noted that potential changes in nitrogen removal technology post-2002 have not
been incorporated in the model results.

The SPARROW estimate of the delivered aggregated yield of total phosphorus to the Gulf is 2.73
kg/km?/year (0.024 Ibs/acre/year) as opposed to other drainages contributing as much as 187
kg/km?/year (1.66 Ibs./acre/year) (Frankforter et al. 2015, in review; Robertson and Saad 2013; Brown et
al. 2011). The model predicted that the Lower Bighorn watershed and the Upper Yellowstone — Pompeys
Pillar and Little Bighorn watersheds were the greatest contributors of delivered aggregated total
phosphorus yield. The largest predicted sources of total phosphorus yield came from a variety of sources:
natural (stream channel (39 percent), livestock manure (22 percent) (confined and unconfined), and forest
and wetland origins (17 percent).

The top 20 HUCB8s were ranked to indicate those yielding the greatest total phosphorus yield. The top 20
HUCSs are projected to cumulatively contribute 72 percent of the delivered aggregated yield of total
phosphorus in the basin. The relative model-derived contributions and sources of total phosphorus
delivered aggregated yield are presented in Figure 4-94 through Figure 4-97.

Efforts to reduce nutrient loads and yields in the Yellowstone River should focus on those watersheds
contributing the greatest human-related sources of nutrients. Since many of the larger sources and
accumulated yields occur on the mainstem and major tributaries, nutrient management efforts will need to
utilize a comprehensive watershed approach to have any measurable level of success.
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Figure 4-94 20 watersheds with highest predicted delivered aggregated yield of total nitrogen

within the Yellowstone River Basin in Montana, Wyoming, and North Dakota
Note: As defined by 8-digit hydrologic unit code; values in kilograms per square kilometer per year
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Figure 4-95 20 watersheds with highest predicted delivered aggregated yield of total
phosphorus within the Yellowstone River Basin in Montana, Wyoming, and North

Dakota

Note: As defined by 8-digit hydrologic unit code; values in kilograms per square kilometer per year
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Sources of Predicted Yields of Nitrogen in the Yellowstone River Basin
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Figure 4-96 Sources of predicted yields of delivered aggregated nitrogen yields by hydrologic
units within the Yellowstone River Basin
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35.00
™ Forest/Wetland
SN0 ® Stream Channel .
m Waste-water treatment plants
EZS.OO t P
5 ® Urban Land
9 Farm Fertili
s 20.00 - mFarm Hizer
lg B Manure (confined and unconfined)
% 15.00 -
3
S
g 10.00 -
ow i C c o > o 1) [} L]
5 [ = v 9 3 2 S 3 2 g
s £ 5 3 ¥ § ¢ 8 % £ § 5§ £ 5 2 § 3 5 @ %
20 » .o g E 3 2 ES 5 ® 2 2 = % a % ] @ °
@ ¥ 2 x =z 5 E- = 4 3 g 2 e 6 3 8
& 2 i & =2 3 3 o ] ox K o
: £ Z : ® 3 I s ¥ oS 2
5 & = ¢ a * @ 8 x 8 B
o $ g 8 £ z
5 2 > 3 = 4 3 =
LI p °
2 o -
@ =
&
b
Figure 4-97 Sources of the predicted yields of delivered aggregated phosphorus yields by

hydrologic units within the Yellowstone River Basin
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Frankforter et al. (2015, in review) used the Yellowstone SPARROW Decision Support tool
(http://www.cid.USGS.gov/sparrow) to evaluate a number of nutrient management alternatives. The
alternatives are discussed and presented in detail in the Water Quality Technical Appendix. In summary,
alternatives to reduce nitrogen and phosphorus inputs produced variable results, with the most viable
strategies being applied to WWTPs and fertilizer delivery in predominately agricultural watersheds on the
mainstem and major tributaries. Projected changes in population in the Yellowstone basin may result in
moderate (up to 6 percent) increases in nutrients in specific HUC8s without commensurate upgrades in
treatment technology. Major population increases have occurred in the Upper Yellowstone-Pompeys
Pillar HUC8 which encompasses the communities of Laurel and Billings, Montana. WWTP treatment
upgrades may result in nutrient yield reductions ranging from one to 11 percent.

As noted earlier, one of the major sources of the SPARROW model-projected total phosphorus yield is
from in-channel sources due to sediment associated with bank and bed erosion. One scenario evaluated
the impact in reduction of this source (Frankforter et al. 2015, in review). The major reductions were
predicted in tributaries such as the North Fork Shoshone (11 percent), Middle Powder (13 percent) and
the Lower Tongue (17 percent); however it is unlikely this goal could be attained except through targeted
improvements to riparian and wetland bank vegetation to reduce the rate of channel erosion. Efforts to
reduce channel erosion, except where accelerated due to modifications in bank vegetation, land use, or
hydrology, are not recommended and may produce unintended, undesirable results.

4.6.3.5 Trace Elements

Concentrations of trace elements in water samples generally are within recommended levels in the
Yellowstone River Basin with a few exceptions. On the Yellowstone River, median concentrations of
dissolved arsenic of 21 micrograms per liter (ug/L) at Corwin Springs and 10.5 ug/L at Billings exceed the
drinking-water Maximum Contaminant Level (MCL) of 10 ug/L (MDEQ 2012a). For comparison, the
median concentration of arsenic at Sidney was 3.25 ug/L in 2014. Seventy-eight percent of samples at
Corwin Springs and 60 percent at Billings were above the drinking water MCL. Ingestion of elevated
arsenic has been shown to cause skin and circulatory illnesses and is linked to an increased risk of
cancer. Geothermal waters from Yellowstone National Park are a significant source of arsenic in the
Yellowstone River (Miller et al. 2005).

Selenium is another potentially toxic trace element that is often found in waters draining Cretaceous
sedimentary rock (Zelt et al. 1999). Selenium is often mobilized by irrigation of alkaline soils and has been
linked to a number of reproductive disorders. Selenium concentrations were low in the Yellowstone River
water samples; however, the Powder River samples had concentrations near the Montana aquatic life
chronic criterion of 5 pg/L. Selenium can be bioaccumulated in the food chain in predatory organisms.

Peterson and Boughton (2000), following Peterson and Zelt (1999), report that during July to September
1998, 44 trace elements were analyzed in streambed sediment at 24 sites throughout the Yellowstone
River Basin. Median concentrations of chromium, copper, and lead were highest at the sites located in
Tertiary and Cretaceous volcanic rocks. Median values for copper, arsenic, and lead were significantly
less than similar values reported for the South Platte River basin and the Upper Colorado River basin.
Values reported in this study are shown in Table 4-11. The Yellowstone River analytic results were within
the range of historical observations (1974-1979) reported for the respective geologic time periods within
the region. Since there are no established criteria for trace elements in sediment in Montana or North
Dakota, guidelines developed by the Canadian Council of Ministers of the Environment (2000) are used
as a reference. Concentrations above the probable effect level are expected to be frequently associated
with adverse biological effects on aquatic life
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Table 4-11
Trace Element Concentrations in Bed-Sediment Samples at Sites on the Yellowstone River, 1998

Site Name Arsenic Chromium Copper Lead

Corwin Springs 41 180 39 21
Billings 15 100 36 29
Forsyth 11 93 23 18
Sidney 8.8 74 20 17

Source: Peterson and Boughton 2000.

Notes: Bold face numbers designate sediment samples in which a trace element exceeded the respective probable effect level.
Values are in micrograms per gram (ug/g) dry weight.

The Yellowstone River NAWQA program collected fish tissue and bed sediment samples in 1998 at
Sidney for the purpose of mercury analysis. As reported by Miller et al. (2005) the sauger collected at
Sidney contained 1.29 ug/g dry weight mercury, which is about one third the concentration of mercury in
samples taken in the Bighorn River, Bighorn Lake, or the Shoshone River. The Sidney concentration is
similar to the median and mean concentrations of mercury in a national study of chemical residues in fish
tissue (U.S. EPA 1992 cited in Miller et al. 2005). Methyl-mercury, the most toxic form of mercury, was not
detectable in the Sidney sediment sample. A three-year study is underway to determine the source of
elevated levels of mercury in fish tissue in Bighorn Lake where concentrations were the third-highest
measured in 520 fish sampled nationwide (French 2014a). The Montana Department of Fish, Wildlife &
Parks (MFWP) has issued mercury-related fish consumption advisories for multiple species in Tongue
River Reservoir, Bighorn Lake, and Cooney Reservoir, and for channel catfish in the Yellowstone River
near the Powder River confluence (MFWP 2014). Nonpoint and atmospheric sources are thought to be
the greatest source of mercury in Tongue River Reservoir (Phillips et al. 1987 cited in Miller et al. 2005),
which are likely representative of mercury transport and residence in the basin.

Concentrations of cadmium, chromium, manganese, molybdenum, and vanadium were elevated in fish
tissue taken from headwaters drainages associated with natural mineralization and past mining (West
Fork Mill Creek and Soda Butte Creek), but no issues were noted for fish tissue at the five Yellowstone
River mainstem sites. No Yellowstone River fish tissue samples exceeded selenium threshold
concentrations associated with injurious effects to aquatic life (Peterson and Boughton 2000).

4.6.3.6 Pesticides

The Yellowstone NAWQA program investigated and evaluated the occurrence of man-made organic
pesticides in the basin during January 1999 to September 2001 and more recently in 2014 (USGS
2014a). Peterson et al. (2004) found that at least one pesticide compound was detected in 87 percent of
136 surface water samples collected at four sites on the Yellowstone River (Corwin Springs, Billings,
Forsyth, and Sidney) and two sites on the Clarks Fork and Bighorn Rivers. Pesticides were detected in 54
percent of samples at Billings compared to 95 percent of samples at Sidney. Billings had the least
number of pesticides detected (7) while Sidney had the greatest (16) number detected. Pesticide
concentrations generally were small in samples for the other three Yellowstone River sites. Compared to
other sites around the United States, the Yellowstone samples were in the lowest 25 percent of
concentrations measured. Herbicides were more frequently detected than insecticides.

Atrazine was the most commonly detected herbicide and was detected in about 75 percent of the
samples. Atrazine was also the pesticide with the greatest observed concentration. Concentrations of all
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compounds generally were substantially smaller than aquatic-life or human health criteria (for compounds
with criteria established). Highly mobile pesticides were detected more frequently and in higher
concentrations than less mobile pesticides. Pesticide concentrations were found in higher concentrations
after runoff events; however some highly mobile pesticides such as atrazine were found in winter
indicating that ground water was likely a means of transport in addition to surface runoff.

DDT was detected in fish tissue at the four mainstem sites on the Yellowstone River (Peterson and
Boughton 2000). Sites on the Bighorn River and the Clarks Fork tested positive for multiple organic
compounds. The fact that DDT was also detected at the highest levels in cutthroat trout from Yellowstone
Lake confirms that the source of the DDT is likely the spruce budworm spraying conducted in the upper
watershed in 1957. Peterson and Boughton (2000) report that DDT levels have declined in fish tissue
samples over the years since spraying took place.

Possible human health and aquatic life impacts associated with pesticides are related to the limited
information available concerning the combined effect of multiple pesticides, even at very small
concentrations in the environment, and the fact that many pesticides in use do not have established
human health and aquatic life criteria.

4.6.3.7 Hydrocarbons

A number of semi-volatile organic compounds (SVOC) were detected in bed sediment at Yellowstone
River sites during the 1998 NAWQA study of Yellowstone River Basin bed sediment (Peterson and
Boughton 2000). About 20 of the SVOCs described in the 2000 USGS report are known as polynuclear
aromatic hydrocarbons or polycyclic aromatic hydrocarbons (PAHs). Samples from Billings had about 13
PAH compounds found above the detection limit and were the maximum values for the compounds
detected in the Yellowstone River Basin. The upper values probably reflect the urban/industrial nature of
the Billings location. SVOCs are manufactured chemicals used in fuels, lubricants, solvents, and
pesticides. Common sources of PAHSs in aquatic systems are atmospheric deposition, municipal and
industrial discharges, and urban runoff. Concentrations of PAHs in Corwin Springs, Forsyth, and Sidney
sediment samples were very low. Importantly, the concentrations of PAHs in the Billings samples were
less than established criteria for protection of aquatic life.

A number of SVOCs known as cresols, phenols, and phthalates were detected in Yellowstone River
sediment samples. The Corwin Springs (Reach PC 3) and Billings (Reach B2) samples contained six
compounds, with Billings at slightly higher concentrations. Forsyth and Sidney both had three compounds
detected with concentrations similar to Billings.

The results indicate that the concentrations of SVOCs for the Yellowstone mainstem sites were below the
normal method reporting limit (Peterson and Boughton 2000). Common sources of these compounds are
combustion motor exhaust, petroleum refining (gasoline), and other manufacturing, although minute
amounts can be due to natural sources (Howard 1989 cited in Peterson and Boughton 2000). Maximum
concentrations of several of these SVYOC compounds were found in the Little Bighorn River system at the
state line.

Crude oil pipeline breaks in 2011 near Laurel and 2015 near Glendive resulted in the release of
hydrocarbons directly into the Yellowstone River. Water sampling in both cases did not show toxic levels
of hydrocarbons in the river water, although in the case of Glendive, the town’s water supply system was
shut down for several days. Additional information about the pipeline breaks is discussed in

Section 4.6.7.2.
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4.6.4 Physical Properties

4.6.4.1 Water Chemistry and Bed Sediment—AUID and Reach Summary

A detailed summary of water chemistry and bed sediment characteristics for the 12 Yellowstone River
AUIDs and their equivalent 88 CEA reaches is presented in Table 1.5 in Appendix 5 (Water Quality).

4.6.4.2 Water Temperature

Montana and North Dakota have established water temperature criteria and standards addressing water
quality to support aquatic life uses of water. Water temperature standards are based on the relative
water-use classification of the Yellowstone River segment (17.30.611 MCA), which specifies the rate and
extent of allowable water temperature change. DO, required by aquatic organisms, decreases as water
temperature increases. Water temperature also affects the rate of chemical reactions, cues many aquatic
life cycle processes, and influences aquatic species composition and distribution (USGS 2015).

Based on the limited data available, some sites show a recent uptick in summer water temperatures;
however, this could be related to drought or short-term weather events. Mean warm season (June—
September) water temperatures range from 14.75°C (59°F) at Corwin Springs to 20.96°C (70°F) at
Sidney, which are within expected values.

Human activities such as discharge of treated wastewater (municipal or industrial effluent), agricultural
runoff, forest harvesting (due to effects on shading), urban development that alters the characteristics and
rate of stormwater runoff, and climate change (see Section 4.9) might also affect water temperature
(MDEQ 2012b). Some pollutants also alter the physical characteristics of water to the point at which more
of the sun’s energy is absorbed to raise water temperature. Suspended sediment and algal growth are
two examples. Increased water temperature can kill or stress aquatic organisms, making them more
susceptible to other sources of disease or death. Montana Fish, Wildlife & Parks divides the Yellowstone
River in Montana into three segments based in part on water temperature: the upper coldwater section
about 200 miles in length, a transitional cool-warm-water middle section about 90 miles long, and the
lower 300-mile long warmwater section (MFWP 2015). More information on impacts of temperature on
aquatic organisms is presented in Section 4.9 Aquatic Animals (Fisheries).

During several warm, low-flow summers (2007 and 2012), Montana Fish, Wildlife & Parks and
Yellowstone National Park restricted fishing in reaches of the upper Yellowstone River (PC17 thru A12
and the mainstem and tributaries of the Yellowstone and Madison River in Yellowstone National Park)
due to elevated water temperature (Skaar 2015; Arnold 2015). Anecdotal reports of water temperature-
related fish kills in the upper Yellowstone (Endicott, MFWP personal communication on January 7, 2015)
and warmwater species moving further upstream (Opitz, MFWP personal communication on January 7,
2015) as well as a confirmed trend in earlier snowmelt and spring runoff at Livingston (Section 4.3
Hydrology) indicate a need for further study of water temperature in the Yellowstone River to help
document trends and identify possible practices to remediate outside influences.

4.6.4.3 Suspended Sediment

Suspended sediment is typically fine silts and clays that are suspended, but not dissolved, within the
water column. Natural runoff from rain events, bank erosion, and channel migration can cause the
suspension of sediments; excess siltation, however, is a leading cause of water quality impairment in the
U.S. and Montana, particularly in lakes where sediment deposition reduces water storage capacity and
adds to eutrophication issues (MDEQ 2012b, 2014a). Excessive suspended sediment can alter water
quality and aquatic habitat, and affect aquatic organism health. Suspended sediment delivers other water
quality pollutants, including nutrients, bacteria, pesticides, and trace elements. High levels of suspended
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sediment also add to the costs of drinking water treatment. Reporting values are commonly expressed as
concentration (mg/L), load (weight/unit of time), and yield (Miller et al. 2005; MDEQ 2012b). Yield is the
load per unit watershed area (square miles or square kilometers) upstream from the measuring site.

The highest concentrations of suspended solids in prairie streams typically occur during periods of runoff.
Peak runoff in the Yellowstone River occurs in June (USGS 2014b). Suspended sediment concentrations
in the Yellowstone River are generally lower in the upper watershed, which drains mountainous terrain,
and increase going downriver, where the river passes through and its tributaries drain the softer and more
erosive sedimentary plains composed of Tertiary-age rocks. An exception is noted for the Gardiner River,
in Reach PC1, which drains sparsely vegetated and steep Cretaceous shales that experience sheet
erosion and debris flows during runoff events (Wagner 2006). The extent of rangeland and agricultural
lands is positively correlated with suspended sediment concentrations (Miller et al. 2005). Channel scour
and erosion also contribute sediment Frankforter et al. 2015); Lambing and Cleasby 2006).

The upper Yellowstone River has a much higher mean annual load of suspended sediment than the lower
river but considerably lower than the Powder River, one of its major tributaries. The upper river had a
Q1.5 yield of over 36 tons per year per square kilometer versus about 1.5 in the lower river (Klimetz et al.
2009). By comparison, the same mean annual yield in the largely free-flowing Powder River basin was 60
tons/year/km2. The Powder River Basin, which accounts for only about 5 percent of the annual streamflow
at Sidney, contributes 30 percent of the annual sediment load to the Yellowstone River (Klimetz et al.
2009). Figure 4-98 and Figure 4-99 depict sediment concentrations and load at the Sidney USGS station.

Mean Monthly Suspended Sediment
Concentration at USGS Sta. No.
6329500 near Sidney MT
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Figure 4-98 Mean monthly sediment concentrations of Yellowstone River near Sidney
Note: Concentrations are fairly well correlated to discharge as evidenced by the slope of the trend line
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Mean Monthly Suspended Sediment Discharge
at USGS Sta. No. 06329500 near Sidney MT
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Figure 4-99 Mean monthly sediment load carried by the Yellowstone River near Sidney
Note: Load peaks in June at maximum spring runoff

Irrigation practices in the Clarks Fork Basin, along with natural factors, are recognized as a major source
of suspended sediment at Billings (Knapton and Bahls 1993). The Clarks Fork had the maximum
suspended sediment yield in the basin (400 tons per square mile) during the 1999-2001 sampling effort
for the NAWQA program (Peterson et al. 2004). Irrigation practices contribute dissolved solids in the
Clarks Fork, Wind/Bighorn River, and Powder River basins, while oil and gas development contributes
suspended solids in the Wind/Bighorn and Powder River basins (Zelt et al. 1999).

As mentioned earlier and depicted in Figure 4-97, the active river channel is also a sizeable source of
sediment (Frankforter et al. 2015, in review; Miller et al. 2005), which contributes total phosphorus to the
Yellowstone system’s load according to the SPARROW model results.

Alterations to the hydrology and sediment content of the Bighorn River have demonstrably affected the
water quality and ecology of the Yellowstone River. The Bighorn drainage is rated as having the fifth-
highest mean annual suspended sediment yield of all rivers in the Northwestern Great Plains Ecoregion
(Klimetz et al. 2009). Operation of Yellowtail dam has substantially reduced sediment delivery to the
Yellowstone River. Prior to the dam’s completion in 1966, annual sediment delivery at the mouth of the
Bighorn River was estimated at 7.2 million tons, but post-dam, sediment production has been estimated
at 1.5 million tons per year, which represents an 80 percent decline (Silverman and Tomlinson 1984). The
US Army Corps of Engineers estimated sediment capture in the reservoir to be in the range of 3,200
acre-feet per year (2010).

The creation of Yellowtail dam created a highly used non-native trout fishery as a result of reduced river
temperatures and sediment load. These consequences have major negative impacts in the Yellowstone
River and include a modified hydrologic regime (see Section 4.3 Hydrology), geomorphic impact (e.g., the
loss of side channels) (Godaire 2009), reduced sediment delivery and transport (Silverman and
Tomlinson 1984), and seasonal alterations of water temperature. Hydrologic alterations and impacts
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related to turbidity and water temperature are known to affect movement and use of habitat by warmwater
fish (McMahon and Gardner 2001 cited in Yeager et al. 2005).

4.6.5 Biological Data

4.6.5.1 Periphyton

Algal biomass, particularly that of periphyton—also known as “benthic algae”—is a key indicator of water
quality impairment due to nutrient enrichment in the Yellowstone River. The state of Montana established
the threshold of chlorophyll a density >150 mg/m? as the numeric standard for nuisance algal growth
(Flynn and Suplee 2013). Algal biomass, measured during an August 2000 USGS study, was largest in
the middle segments of the Yellowstone River near Billings and Forsyth (Peterson et al. 2001)

(Figure 4-100). In the figure Yellowstone River sites in light green are upstream to downstream. Values
reflect nutrient enrichment from natural, agricultural, and rural residential sources. It also was high in the
Clarks Fork of the Yellowstone River and the Bighorn River. The maximum concentrations of chlorophyll a
detected in the Yellowstone River were at Billings (800 mg/m2), downstream from the confluence with the
Clarks Fork of the Yellowstone River, and at Forsyth (85 mg/m?2), downstream from the confluence of the
Bighorn River. By comparison, chlorophyll a concentrations were 110 mg/m? in the Clarks Fork and 160
mg/m2 in the Bighorn River at the mouth (Peterson 2009; Peterson and Porter 2002).
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Figure 4-100 Periphyton chlorophyllg concentrations from August 2000
Note: Concentrations in some Yellowstone River Basin streams exceeded criteria for the protection of beneficial uses
according to criteria established by the MDEQ (2012a)
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Algal indicators or nutrient enrichment or eutrophication increased from very low levels at Corwin Springs
to nearly 50 percent of the periphyton community in the middle segment of the Yellowstone River.
Relatively large percentages of algae, whose growth is enhanced by organic sources of nitrogen, were
found in the Yellowstone River at Sidney, Clarks Fork of the Yellowstone River (at Edgar), and at the
mouth of the Bighorn River.

Excellent water clarity (low turbidity) contributes to algal productivity upstream of Custer. In the lower
Yellowstone River, turbidity likely limits algal growth as the system changes from a periphyton-dominated
system to a phytoplankton-dominated system. Peterson and Porter (2002) report that algal biomass and
related measures of algal communities better reflect the trophic status of the Yellowstone River than do
concentrations of dissolved or total nutrients.

4.6.5.2 Macroalgae

The biomass of macroalgae (flamentous algae) results followed a similar pattern in that maximum values
occurred in the Billings area (490 grams per square meter (g/m2)) and ranged from about 20 g/m? at
Laurel and Forsyth to above 100 g/m? at Big Timber. Macroalgae biomass typically exceeded microalgae
biomass by at least one order of magnitude at most sites and by two orders of magnitude at Miles City
(Peterson and Porter 2002).

4.6.5.3 Macroinvertebrates

Aquatic invertebrates (aquatic insects, worms, and snails) are commonly used to assess stream quality
and reflect the impacts of eutrophication, alterations to long-term water chemistry, or physical disturbance
of terrestrial and aquatic habitat (Barbour et al. 1999). Results are described in terms of various biotic
indices calculated to reflect shifts in the abundance and composition of macroinvertebrate communities
relative to their tolerance of various disturbances.

Results of the 1999-2001 NAWQA study of macroinvertebrates in the Yellowstone River indicated that
mayflies (Ephemeroptera), stoneflies (Plecoptera), and caddisfly species (Tricoptera; also known as EPT)
were predominant in the upper segments of the Yellowstone River at Corwin Springs and Livingston, as
well as in lower segments of the river from Miles City to Sidney (Figure 4-101). Greater percentages of
pollution intolerant mayflies, stoneflies, and caddisflies (EPT) in the upper and lower Yellowstone River
indicate better water quality and aquatic habitat. The lower percentages in the middle Yellowstone River
possibly indicate degraded conditions (Peterson 2009), though additional study is in order to confirm this.

Tolerant taxa dominated the Yellowstone River invertebrate community at Billings and Forsyth, sites
immediately downstream from the two largest tributaries, the Clarks Fork of the Yellowstone River and the
Yellowstone and Bighorn rivers. Based on EPT abundance, the data indicated degraded conditions in the
Clarks Fork, but relatively good conditions in mountain tributaries (Peterson et al. 2004; Peterson 2009).
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Figure 4-101 Relative abundance of macroinvertebrate taxa at Yellowstone Basin sites
Note: Pollution tolerant midges and worms dominate aquatic insect communities in the Clarks Fork and at
Yellowstone River sites below the confluence of the Bighorn

4.6.5.4 Fish

The community composition and physical health of fish species reflect the quality of their environment,
(Barbour et al. 1999). A discussion of fish abundance and distribution in the Yellowstone River and their
relationship to the Cumulative Effects Analysis (CEA) is in Section 4.9. Results are presented here
relative to water quality considerations. The analysis by Peterson et al. (2004) of fish communities in the
Yellowstone River Basin 1998 to 2001 indicated some differences in fish community composition.
Species in the upper river are less tolerant of sediment while those in the lower river are more tolerant.
Species diversity increased going downstream as did tolerance to warm, turbid water. The proportion of
native species increased to some extent in the lower river compared to the upper river where rainbow,
brown, and brook trout were introduced to enhance the sport fishery (Peterson et al. 2004).

External anomalies such as skin lesions, deformities, eroded fins, and tumors may be a sign of chemical
contamination or environmental stress. The highest rates of external anomalies were noted in fish from
Billings (Reach B2) and Forsyth (Reach C10), where about 15—-20 percent of fish had skin lesions or
abraded fins. The anomalies occurred at higher rates in members of the sucker family that dwell on the
bed of the river. Rates of anomalies noted in fish at Corwin Springs and Sidney were below 5 percent
while those in the Clarks Fork of the Yellowstone River and Bighorn River were both above 5 percent.
Later fish sampling in 2002—2003 in Forsyth showed reduced rates of external anomalies (Peterson et al.
2004); however, comparable data was not available for the other Yellowstone sites.
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4.6.5.5Biological Summary for AUID and Reaches

A detailed summary of biological and related characteristics for the 12 Yellowstone River AUIDs and their
equivalent 88 CEA reaches is presented in Appendix 5 (Water Quality).

4.6.6 Beneficial Use Support Matrices

Under the federal Clean Water Act (CWA) [33 U.S.C. 81251 et. seq. (1972)], all surface waters of the
Yellowstone River in Montana and North Dakota are designated with specific beneficial uses (e.g.,
agriculture (livestock and irrigation), industrial, drinking water (with treatment), recreation, fish and aquatic
life) and have been assigned to “use classes” that categorize the associated beneficial uses. Water
quality standards are established to protect the beneficial uses (Mohr 2012). Each use class has
associated standards that specify how clean the water must be to support the associated use. The
standards are used as a measuring stick to indicate if waters are meeting or are not meeting water quality
goals. Montana’s and North Dakota’s water quality standards are both numeric and narrative in nature.

Montana’s water quality use classes and associated beneficial uses are found in the Annotated Rules of
Montana Subchapter 17.30.6. North Dakota’s rules (North Dakota Administrative Code 33-16-02.1) are
similar as they both mimic language in the CWA. The designated water quality use classes and
associated beneficial uses of the Yellowstone River within the scope of the CEA are shown in Appendix 5

(Water Quality).

The MDEQ has divided the mainstem of the Yellowstone River into 11 segments (assessment units) for
the purposes of establishing beneficial uses and conducting beneficial use assessments. North Dakota
has designated one assessment unit for the Yellowstone River. States are required to report the status
and trends of the state’s waters in the 305(b) Water Quality Assessment Report. States are also required
to track and submit a list of impaired waters in need of total maximum daily loads (TMDLSs). This list,
known as the 303(d) list, and the 305(b) reports for each state have been combined into an integrated
report and submitted in even-numbered years. The most recent integrated report for Montana was issued
in May 2014 (MDEQ 2014a). The North Dakota Department of Health’s Draft 2014 Integrated Report is
not yet finalized at the time of this writing (P. Olson, NDDH personal communication on November 12,
2014). Detailed beneficial use support data for all 12 assessment units in Montana and North Dakota are
provided in Table 4-12.
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Table 4-12
2014 Integrated Report Listings for the Yellowstone River in Montana and North Dakota
Water Yellowstone
Length Use Quality CEA

Description (mi.) | Classl | Category?2 Reaches

MT43B001_011 |Wyoming Border to YNP Boundary 8.68 A-1 5 PC1

Beneficial Use Support Determination—The 2006 Montana 303(d) list reports that the coldwater fishery and
drinking water beneficial uses are partially supported due to metals, nutrients, siltation, and suspended solids likely
caused by highway/road/bridge construction and natural sources. Additionally, the 2006 303(d) list added arsenic as
a cause of impairment associated with the drinking water beneficial use. This segment will be reassessed following
completion of the large river protocols. Not reassessed 2008, 2010, 2012, or 2014. Aquatic life and drinking water
not supported. Ag and Contact Recreation not assessed.

MT43B001_010 |YNP Boundary to Reese Creek | 4.79 | A-1 | 5 PC1

Beneficial Use Support Determination—The 2006 303(d) list reports that the coldwater fishery and drinking water
beneficial uses are partially supported due to metals, nutrients (ammonia, NO3-NO2), siltation, and suspended
solids due to highway/road/bridge construction and natural sources. Additionally, the 2006 303(d) list added the
following three metals: arsenic, copper, and lead. It was noted that issues associated with nutrients and arsenic may
be natural due to geothermic inputs from springs. Further analysis is necessary. This segment will also be
reassessed following completion of the large river protocols. Not reassessed 2008, 2010, 2012, or 2014.

MT43B003_010 |Reece Creek to Bridger Creek | 119.0 | B-1 | 4C PC2 to A7

Beneficial Use Support Determination— Limited data were available for this segment. Aquatic Life & Cold Water
Fishery: The 1998 habitat assessment shows significant habitat impairment (streambank alteration) in this reach.
Arsenic exceeded the human health standard, and since there are mines present on tributaries of this segment,
non-natural source contributions are possible; thus the drinking water beneficial use is non-support as a result of the
water quality exceedances. Coldwater fishery and aquatic life not supporting due to habitat alteration. Not
reassessed since prior to 2006. Ag, Drinking Water, and Contact Recreation not assessed. Not assessed for 2014
cycle.

MT43F001_012 |BridgerCreekto Laurel PWS | 56.31 | B-1 | 2 |A8toA17

Beneficial Use Support Determination—1996 listings were unionized ammonia, salinity, TDS, chloride, and
suspended solids but were dropped in 2006 cycle. Aquatic Life, Primary Contact Recreation and Agriculture: Fully
Supporting. Drinking Water: Not Assessed due to insufficient information. Not reassessed 2008 thru 2014 cycles.

MT43F001_011 |Laure| PWS to Billings PWS | 19.4 | B-2 | 5 |A18to B2

Beneficial Use Support Determination— Reach D described as heavily impacted, having lost (as a result of
channel simplification) 24,000 ft (14%) of its channel length since 1950s. Study suggests that fisheries experts
should evaluate the effect of such channel loss on the fishery. Bank armoring (riprap, etc.) is 39% in this reach.
Geomorphic study defines the reach upstream of Billings as unconfined braided, with high modification and 34%
bank armoring.

2010 Cycle: The 1996 listing for unionized ammonia, alkalinity/TDS/chlorides, and suspended solids was removed
due to later sampling which showed these constituents are at acceptable values.

2012 Cycle: As a result of the 2011 Silvertip pipeline break and documented oil spill, this segment is impaired
(Aquatic Life and Primary Contact Recreation) for oil and grease until monitoring shows that spilled oil has been bio-
remediated after the cleanup. Agriculture: Fully Supporting. Drinking Water: Not Assessed due to insufficient data.

2014 cycle: Not assessed.
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Water Yellowstone

Quality CEA
Description i. Category? Reaches

MT43F001_010 |Billings PWS to Huntley Div. Dam 10.62 B-3 5,5N B3 to B4

Beneficial Use Support Determination—2006 Cycle: This general reach of the Yellowstone River was listed as
only partially supporting its aquatic life, warmwater fishery, drinking water and recreation beneficial uses due to
salinity/TDS/chlorides, suspended solids, and unionized ammonia.

2008 and 2010 Not assessed. Reach length redefined.

2012 Cycle: Aguatic Life and Primary Contact Recreation beneficial uses for this Assessment Unit are being listed
for Oil and Grease as a result of the Silvertip Pipeline break.

2014 Cycle: User defined category updated from 2B to 5N during 2014 cycle.
Aquatic Life, Primary Contact Recreation, and Drinking Water: Not Supporting. Agriculture: Fully Supporting.

MT43Q001_011 |Huntley Div. Dam to Bighorn River | 58.31 | B-3 | 5 B5 to B12

Beneficial Use Support Determination—21996: This assessment unit was listed as only partially supporting its
aquatic life, warmwater fishery, drinking water supply and recreation beneficial uses due to salinity/TDS/chlorides,
suspended solids and unionized ammonia likely caused by agriculture, industrial point sources, irrigated crop
production, municipal point sources and natural sources.

2000-2004: Insufficient information to evaluate this reach.

2006: Because large river protocols are being developed but not yet applied, the 2006 303(d) list will conservatively
report that the aquatic life, warmwater fishery, drinking water supply and recreation beneficial uses are partially
supported due to salinity/TDS/chlorides, suspended solids and unionized ammonia likely caused by agriculture,
industrial point sources, irrigated crop production, municipal point sources and natural sources. This segment will be
reassessed following completion of the large river protocols.

2008-2010: Not assessed these cycles.

2012: Aquatic Life and Primary Contact Recreation beneficial uses are being listed for Oil and Grease as a result of
the Silvertip Pipeline break.

2014: Not assessed this cycle. Aquatic Life and Primary Contact Recreation: Not Supporting. Agriculture and
Drinking Water: Not assessed due to insufficient data.

MT42K001_020 |Bighorn River to Cartersville Div. Dam | 59.51 | B-3 | 4C |C1 to Cl1

Beneficial Use Support Determination—2004: Aquatic Life: Not supporting; Agriculture: Fully Supporting. Drinking
Water and Contact Recreation: Not Assessed due to insufficient data.

Not Assessed 2006-2014 Cycles.

MT42K001_010 |Cartersvi||e Div. Dam to Powder River | 88.73 | B-3 | 5 |C12 to C21

Beneficial Use Support Determination—1996: The segment code for this reach of the Yellowstone River was
MT42K001-1. It was listed for metals, nutrients, other habitat alterations, pathogens, salinity/TDS/chlorides,
suspended solids, and pH.

2000-2004: This segment was determined to lack sufficient credible data and therefore was not assessed for the
aquatic life, warmwater fishery, drinking water, and contact recreation beneficial uses. It was considered fully
supporting for agriculture and industry uses.
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Water Yellowstone
Quality CEA
Description i. Category? Reaches
42M001_012 Powder River to Lower Yellowstone Div. 76.73 B-3 4C D1 to D9
Dam

Beneficial Use Support Determination3—2006: There is still insufficient information to assess any use, including
the agriculture and industry uses. All uses need to be evaluated with more updated information integrating the
anticipated large river protocols. The 2006 303(d) list (as did the 1996 list) will conservatively report that the aquatic
life, warmwater fishery, drinking water supply, and contact recreation beneficial uses are partially supported due to
metals, nutrients, other habitat alterations, alkalinity/TDS/chlorides, suspended solids, bacteria, and pH likely
caused by agriculture, irrigated crop production, municipal point sources, natural sources, rangeland and
streambank modification/destabilization. Regarding the pathogen listing in 1996: changes to water quality standards
prevent the general "pathogens” listing from being carried forward. The current bacteria Standard and ADB entry is
E. coli, which is too specific to translate a general pathogen listing. Additionally, the original basis for the pathogen
listing is unknown. At present, there are no E.coli data for this stream. Therefore, this segment will be flagged for E.
coli monitoring in 2007. This segment will also be reassessed following completion of the large river protocols.

2008-2014: No further assessment. Aquatic Life: Not Supporting; Agriculture, Drinking Water, and Primary Contact
Recreation: Not Assessed due to insufficient information.

MT42M001_011 |Lower Yellowstone Div. Dam to Border | 53.67 | B-3 | 5 D9 to D13

Beneficial Use Support Determination—1996: This unit was listed as only partially supporting aquatic life,
warmwater fishery, drinking water supply, recreation and swimmable beneficial uses due to metals, nutrients,
habitat alterations, pathogens, salinity/TDS/chlorides, suspended solids and pH likely caused by agriculture,
irrigated crop production, municipal point sources, natural sources, rangeland and streambank
modification/destabilization.

2000-2004: Insufficient information to fully evaluate under revised use support determination procedures.

2006: In anticipation of large river assessment and sampling protocols, the 2006 303(d) list will conservatively report
that the aquatic life, warmwater fishery, drinking water supply, and recreation beneficial uses are partially supported.
Aquatic Life limitations noted as due to alteration in stream-side or littoral vegetative covers, chromium (total),
copper, fish-passage barrier, lead, sedimentation/siltation, total dissolved solids, pH, nitrogen (total), and
phosphorus (total) due to flow regulation/ and modification, streambank modification, irrigated crop production,
rangeland, natural, and unknown sources. The following specific metals were added on the 2006 303(d) list: copper,
lead, arsenic, and chromium. Pathogen listing for Contact Recreation was removed due to change in assessment
procedures and water quality standards. Insufficient data at present.

2008-2014: No further assessment. Aquatic Life: Not Supporting; Agriculture, Drinking Water, and Contact
Recreation: Fully Supporting.

ND-1010000- MT/ND border to confluence with 21.3 1 2 D14-16
001-S_00 Missouri

Beneficial Use Support Determination—North Dakota’s 1998 303(d) Report listed this assessment unit as
impaired for Aquatic Life and Recreational Uses due to metals and bacteria, respectively. The 2002 303(d) report
removed the Recreational impairment (bacteria) due to a lack of sufficient credible data and revised the Aquatic Life
support impaired listing to Threatened (selenium). The 2004 303(d) report amended the listing to Fully Supporting
but Threatened due to Trace Metals (copper, lead, selenium and zinc) and Pesticides (atrazine and simazine). The
assessment unit was delisted in the 2006 303(d) report because water quality data at the USGS Sidney gage
(06329500) showed no exceedances for metals and pesticides.

2008 — 2014: No further assessment. Fully supporting all uses.
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Notes:

1. Use classes defined as follows:

e Montana waters classified A-1 are to be maintained suitable for drinking, culinary and food processing purposes
after conventional treatment for removal of naturally present impurities. Water quality must be maintained
suitable for bathing, swimming, and recreation; growth and propagation of salmonid fishes and associated
aquatic life, waterfowl and furbearers; and agricultural and industrial water supply.

e Montana waters classified B-1 are to be maintained suitable for drinking, culinary, and food processing
purposes, after conventional treatment; bathing, swimming, and recreation; growth and propagation of salmonid
fishes and associated aquatic life, waterfowl and furbearers; and agricultural and industrial water supply. The
primary objective in treating surface water is to remove or inactivate microbiological contaminants (e.g., viruses,
bacteria, and protozoa) that can cause disease. Water contaminated with animal or human waste can transmit
diseases to humans; therefore, adequate treatment of microbiological contaminants is essential in order to
avoid acute health effects. People with compromised immune systems, such as infants, the elderly, the ill, and
HIV-positive individuals, may be especially vulnerable to water-borne diseases.

¢ Montana waters classified B-2 are to be maintained suitable for drinking, culinary, and food processing
purposes, after conventional treatment; bathing, swimming, and recreation; growth and marginal propagation of
salmonid fishes and associated aquatic life, waterfowl and furbearers; and agricultural and industrial water
supply.

¢ Montana waters classified B-3 are to be maintained suitable for drinking, culinary, and food processing
purposes, after conventional treatment; bathing, swimming, and recreation; growth and propagation of non-
salmonid fishes and associated aquatic life, waterfowl and furbearers; and agricultural and industrial water
supply.

e Use Class | streams in North Dakota shall be suitable for the propagation or protection, or both, of resident fish
species and other aquatic biota and for swimming, boating, and other water recreation. The quality of the
waters shall be suitable for irrigation, stock watering, and wildlife without injurious effects. After treatment
consisting of coagulation, settling, filtration, and chlorination, or equivalent treatment processes, the water
quality shall meet the bacteriological, physical, and chemical requirements of the department for municipal or
domestic use.

2. Under the federal Clean Water Act, the U.S. Environmental Protection Agency (EPA) requires that total maximum

daily loads be developed for waters impaired by “pollutants,” such as nutrients, sediment, or metals. TMDLs are not

required for waters impaired solely by “pollution,” (e.g., flow alterations or habitat degradation). The Montana and

North Dakota integrated reports place all waters into five categories based on assessment status as per guidance

from the EPA:

e Category 1: Waters for which all applicable beneficial uses have been assessed and all uses have been
determined to be fully supported.

e Category 2: Waters for which beneficial uses that have been assessed are fully supported, but some applicable
uses have not been assessed.

e Category 3: Waters for which there is insufficient data to assess the use support of any applicable beneficial
use, so no use support determinations have been made.

e Category 4: Waters where one or more beneficial uses have been assessed as being impaired or threatened;
however, all necessary TMDLs either have been completed or are not required.

o Subcategory 4A: All TMDLs needed to rectify all identified threats or impairments have been
completed and approved.

o Subcategory 4B: Water bodies are on lands where “other pollution control requirements required by
local, State, or Federal authority” (see 40 CFR 130.7(b)(1)(iii)) are in place, are expected to address all
water body-pollutant combinations, and attain all water quality standards in a reasonable period of
time. These control requirements act ‘in lieu of”a TMDL, thus no actual TMDLs are required.

o Subcategory 4C: Identified threats or impairments result from pollution categories (e.g., dewatering or
habitat modification) and, thus, the calculation of a TMDL is not required.

e Category 5: Waters where one or more applicable beneficial uses have been assessed as being impaired or
threatened, and a TMDL is required to address the factors causing the impairment or threat.

o Subcategory 5N: Available data and/or information indicate that a water quality standard is exceeded
because of an apparent natural absent any identified manmade sources.

Sources: Detailed assessment reports accessed through the Montana Clean Water Act Information Center and
within Montana’s biannual Water Quality Integrated Reports [305(b) and 303(d) reports] both accessed online
November 25, 2014, at http://deg.mt.gov/wqinfo/ CWAIC/default. mcpx. North Dakota Beneficial Use Support
interpretations summarized from North Dakota’s Water Quality Integrated Reports [305(b) and 303(d) reports]
accessed online November 25, 2014, at https://www.ndhealth.gov/WQ/SW/A Publications.htm.
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4.6.7 Transportation: Impacts on Water Quality

4.6.7.1 Roads: Runoff Pollution and Hazardous Material Spills

For the purposes of this report, the transportation discussion considers impacts of railroads, county and
state roadways, and Interstate 90/94. Impacts of city and municipal roads and other transportation-related
impacts not addressed here are discussed in Section 4.6.9 Urban/Exurban Development. The matrix of
transportation system features along and within the Yellowstone River corridor potentially contributes to
nonpoint source pollution through contaminated runoff from roads and bridges, atmospheric deposition of
nitrogen oxides, floodplain and river channel encroachment, accidental spills, road application of winter
traction materials, and construction activities (MDEQ 2012b). Sediment, nutrients, dissolved solids,
metals, and hydrocarbons (gasoline, oil, and grease products) are all potential pollutants of surface
waters that might be generated by the transportation system when adequate pollution controls are not in
place. Additionally, physical habitat loss and degradation is associated with the actual construction of
transportation features.

The extent of transportation facilities within the Cumulative Effects Analysis (CEA) project area and
individual reaches is discussed in detail in Section 4.2 Land Use Change. The 100-year inundation zone
corridor contains over 40 miles of transportation features, with railroads being the dominant feature.
Figure 4-102 depicts the relative share of transportation features by type. No specific data or studies
pertinent to the Yellowstone River system directly measure or assess the impact of transportation
systems on classic measures of water quality in the Yellowstone River; however, increased levels of
semi-volatile organic compounds (SVOC) and polynuclear aromatic hydrocarbons (PAH) were noted for
the Billings area (Reach B2) in Section 4.6.3.7. Potential sources of elevated levels of SVOCs and PAHs
may be transportation-related as well as industrial sources.

Yellowstone River Corridor Transportation Features

Interstate System

(1.0 mi, 2%) Public Roads

(5.2 mi, 13%)

® Interstate System (1.0 mi, 2%)

Public Roads (5.2 mi, 13%)

® Railroad (34.4 mi, 85%)

Figure 4-102 Transportation features within the Yellowstone River 100-year inundation zone
corridor total over 40.5 miles in length
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Eighty-five percent of all transportation features within the 100-year inundation zone are related to the
railroad. Given the railroad’s proximity to the channel and the hazardous nature of some products
transported by rail, there is a high potential for impacts to water quality due to contaminated runoff or
spills to the river. Currently, an unknown quantity of petroleum, industrial solvents, and other hazardous
materials travel in tank cars daily along the state’s roads, the interstate highway system, and active
railroad tracks. The industry has taken steps to minimize the hazard of spills, but the possibility remains
due to the extent of the railroad’s proximity to the channel, particularly in reaches C10, C11, C12, C14,
and D10.

The interstate highway and public roads offer less potential to impact water quality as they typically are
located at a greater distance from the river and have wider right-of-ways that can act as traps and filters
for any contaminated runoff or spills, except at bridge crossings. Poorly maintained bridges can
sometimes be a sizeable source of sediment and road runoff delivered to a stream; however, most
bridges on the Yellowstone River are by nature larger structures and are constructed in a way that
minimizes this potential.

The Physical Features Inventory (2001) identified 54 bridges crossing the Yellowstone River.

Figure 4-103 illustrates their relative distribution by county and type. Twenty of the bridges are owned by
county governments and an equal number by the state and interstate highway system. In general, due in
part to the number and volume of materials transported, the greatest risk of spills is likely to occur at
railroad, state highway, and interstate bridges.

Yellowstone River Bridges by County and Transportation Class
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Figure 4-103 Yellowstone River bridges by county and transportation class
Note: About one-third of all Yellowstone River bridges are in Park County and about 20 percent in Yellowstone
County

According to the Burlington Northern Santa Fe Railroad (BNSF), it is in the process of developing a
Yellowstone Sub-Area Contingency Plan in conjunction with the EPA Region 8 Emergency Response
Unit and the Montana-Wyoming Oil Spill Cooperative (Winslow, BNSF personal communication on
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January 15, 2015). BNSF uses a 3-part prevention program to reduce the risk and extent of material
releases that includes track inspections/maintenance, training for shippers and railroad workers, and spill
response time. Still, the federal Pipeline and Hazardous Material Safety Administration (2015) reports
that, while train derailments dropped by half between 2004 and 2014, there were 141 unintentional
petroleum releases last year—a record level. The organization predicts that 40 times more oil will be
handled by rail in 2015 than in 2005, so due diligence and coordination is needed to protect Yellowstone
River resources.

Chloride contamination in transportation system runoff can adversely affect water quality, in particular,
aquatic life (Corsi et al. 2010). Chloride-based de-icing product use is widespread in Montana. While the
Yellowstone River is likely too large to experience widespread impacts of chloride-laden runoff,
appropriate incorporation of approved stormwater management practices helps to control this potential
pollution source.

4.6.7.2 Pipelines: Rupture and Spills

A pipeline risk assessment report prepared for the Yellowstone River Conservation District Council
(Atkins 2012) indicates the presence of 39 pipelines intersecting the Yellowstone River Channel Migration
Zone (DTM and AGI 2012) at 21 crossings between Gardiner and the confluence with the Missouri River.
Thirty of the pipelines cross the channel while nine pipelines are located within a designated Channel
Migration Zone. Exposure due to scour and channel migration was noted as the greatest threat to pipeline
safety. Raw crude oil, petroleum products, liquefied natural gas, and natural gas are the products
transported by pipelines within the corridor. Under criteria developed for the report, the study found that
32 of the pipelines represented low risk, one represented moderate risk, and six represented no risk
under their current operation as they are no longer in use. Figure 4-104 provides the number of
occurrences by geomorphic reach. Reaches B1 and B2 in Yellowstone County have the greatest number
of pipelines. Figure 4-105 provides the commodities carried by the pipelines identified in the Atkins report.

The pipeline risk assessment report was prepared as a result of the July 1, 2011 rupture of the Exxon
Mobil Silvertip Pipeline near Billings, Montana. A reported 63,000 gallons of crude oil were spilled into the
Yellowstone River near the peak 2011 stream discharge as a result of the rupture. More than 80 fish were
found dead as a result, however, given the very high flows and long interval between the spill and the
time fish recovery began, it is likely that many more fish and other aquatic and terrestrial organisms were
negatively affected. Estimated cost of the spill and cleanup was in the millions of dollars. CEA Reaches
below the spill site (A18 to B4) are listed on the 2014 Montana 303(d) list as having the aquatic life and
contact recreation beneficial uses impaired from that spill. While recent samples have tested below state
water quality standards, it is apparent that there is still oil residing in the substrate as a result of the
Silvertip pipeline spill. Until the oil is dissipated by biological degradation, it will continue to be listed
(MDEQ 2014a).

On January 17, 2015, the 12-inch Poplar Pipeline operated by the Bridger Pipeline Company experienced
a break and crude oil leak about six miles above Glendive, Montana. The pipeline break occurred under
the river bed and initially caused crude oil to enter Glendive’s municipal water supply where benzene was
detected resulting in a shutdown of the water system for several days. An estimated 30,000 gallons of
crude oil was released into the river. Due to extensive ice cover on the river, attempts to contain the spill
were largely unsuccessful. The spill impacted an area at least 90 miles long and was confirmed as far
downstream as Williston, North Dakota. Tests of fish tissue below the break confirmed the presence of
PAHs prompting Montana Fish, Wildlife & Parks to issue a fish consumption advisory (MFWP 2015).
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Figure 4-104 Yellowstone River pipeline occurrences by reach
Note: Reaches B1 and B2 contain the greatest number of pipeline crossings within the CMZ
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Source: Atkins 2012
Figure 4-105 Number of pipeline occurrences within the Yellowstone River CMZ by commodity
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While the threat to water quality posed by potential pipeline breakages cannot be quantified, it
undoubtedly is high due to the immediate proximity of the pipeline crossings to surface water and the
dynamic nature of the river. Both the Exxon Silvertip and the Poplar pipeline failures appear to be related
to channel incision. Both lines were relatively old and had been installed by trenching rather than with
newer directional drilling technology, which can place the line deeper under the river bed and set back
further from the bankline. Directional drilling at an appropriate depth below the river bed should be utilized
as a recommended management practice for all new pipeline crossings and replacement of crossings
older than 20 years on the Yellowstone River to ensure they are properly installed.

Oil and gas production can also discharge pollutants to the river from leaking wastewater pipelines and
breached or flooded brine and water storage pits. The number of spills related to oilfield wastewater or
brine (saltwater) has been increasing as the industry expands. A recent review in North Dakota calculated
that there have been several thousand such discharges since 2006 (Guerin 2015). Contaminants include
chloride, salts, heavy metals, petroleum, and even radioactive materials. In 2006, a faulty plastic pipeline
weld spilled an estimated 1 million gallons of brine into Charbonneau Creek—which discharges to the
Yellowstone River in North Dakota—Killing aquatic life and vegetation. The water and soil remained
contaminated for years, impacting ranchers who used the water. A recent brine spill of about 3 million
gallons in North Dakota near Williston contaminated two creeks and reached the Missouri River
(Washington Post 2015). A reported 74 brine spills occurred in North Dakota in 2013.

The number of drill and well production pads within the river corridor in Region D is increasing rapidly.
Management practices to include closed-loop brine water storage and pipeline leak monitors and shutoff
valves are recommended on wells close to the river to minimize the risk of a spill discharging into the
river.

Petroleum hydrocarbons and volatile organic compounds (VOCs)—with some noted as carcinogens
(benzene and xylene)—are toxic substances relative to water quality so the threat of petroleum pipeline
spills and leaks can create extensive short- and long-term damage to aquatic life and other uses (World
Health Organization 2014). Although not discussed in detail here, these products can also impact ground
water via pipeline leaks and breaks. In addition to the impacts of hydrocarbons, a recent USGS study
linked petroleum spills with elevated concentrations of arsenic in ground water (Cozzarelli 2015).

A number of VOC compounds have been detected in surface and ground water and sediment in the
Yellowstone corridor, albeit at low levels (Peterson et al. 2004). At least one VOC was detected in 85
percent of wells sampled from Quaternary aquifers, primarily VOC compounds associated with gasoline.
Other samples of sediment near Billings had concentrations of related PAH compounds that were high
enough to pose a potential threat to aquatic life.

Natural gas and related materials pose less hazardous threats to aquatic life and human due to their
relatively low solubility and propensity to volatize. Ignition is the primary hazard. Natural gas is not
regulated by Montana or EPA as a water pollutant (MDEQ 2012a).

4.6.8 Agriculture: Impacts on Water Quality

Potential pollutants from agricultural sources include sediment, nutrients, salts, pathogens, and
pesticides. Habitat alterations and agricultural runoff might also increase water temperature (MDEQ
2012b). Agricultural runoff and return flows are typically considered nonpoint sources. Agricultural point
sources are regulated under the Clean Water Act (CWA) or the Montana Water Quality Act. Point sources
discharging to waters of the U.S. or state waters within the Yellowstone River are discussed further in
Section 4.6.10.1. Systematically implemented management practices are recommended to reduce water
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pollution related to agricultural nonpoint sources under Montana’s Nonpoint Source Management Plan
(MDEQ 2012b).

Depletion of streamflow can be a serious impact of irrigation on water quality. Irrigation withdrawal is
listed as the second leading agricultural cause of non-attainment of beneficial uses in Montana (MDEQ
2012). Cumulative losses of water due to irrigation withdrawals described in Section 4.3 can affect
summer low flows in the lower Yellowstone River to the point that the river’s capacity to dilute pollutants
and cool warmer return flows is diminished. Dilution capacity is important as the 7Q10 flow is used to
calculate allowable discharges for MPDES permits under the CWA. Since the impact of some pollutants
(e.g., toxins and bioaccumulated pollutants) is not affected by dilution, most classic indicators of water
pollution benefit from additional solvent added to a known quantity of solute, or as the saying goes, “The
solution to pollution is dilution.” While not always true from a load standpoint, more water is better than
less when it comes to evaluating the impacts of water quality pollutants.

4.6.8.1 Crop Production Runoff

Cropland runoff can carry salts, nutrients, bacteria, pesticides, and sediment in addition to altering water
temperature. The USGS NAWQA program reports suggest that observed increases in dissolved solids,
nutrients, pesticides, and sediment is due in part to agricultural sources within the basin (Miller et al.
2005). Not all of these sources are located within the corridor; in fact, most are located within tributaries
far upstream from the Yellowstone River.

Closer to the river, irrigated crop production, particularly furrow irrigation used for row crop production
(corn, beans, and sugar beets), has the potential to transport salt, sediment, nutrients, and pesticides in
runoff unless good irrigation and farming practices are utilized. Sprinkler irrigation has the potential to
apply water with less leaching and runoff; however, it is not suited to production of all crops nor to every
producer. The Yellowstone SPARROW model indicated that the areas with the largest predicted
contribution of delivered aggregated total nitrogen yield are most often located along the Yellowstone
mainstem, with farm fertilizer as the greatest source (Frankforter et al. 2015, in review). Use of
appropriate nutrient and irrigation water management recommended practices (see Section 8.1) as part
of a comprehensive management approach can substantially reduce pollutant transport and delivery to
the Yellowstone River.

Targeted conservation education, demonstration, and outreach are necessary to eliminate these sources
of pollution in the future before they impair the many uses of the river. The reality is that the development
and implementation of a suite of integrated management practices blending nutrient management,
pesticide management, residue and tillage management, irrigation water management (where
appropriate), and cropping systems is needed to significantly reduce cropland runoff. Practices designed
to enhance soil health create many by-products that also reduce the quantity and improve the quality of
agricultural runoff.

4.6.8.2 Animal Feeding Operations

Animal Feeding Operations (AFOs), by definition, are facilities where domestic livestock are confined,
stabled, and fed for more than 45 days within a 12-month period resulting in a ground surface
predominantly devoid of vegetation during the growing season or period of use (CFR, Federal Register,
V. 68 No. 1, page 7265). Livestock producers in the Yellowstone Valley often feed livestock to add value
to crops raised on the farm. AFOs have the potential to discharge sediment, nutrients, organic waste
(oxygen-demanding substances), and waterborne pathogens to ground and surface waters (USEPA
2014b). They may also release ammonia, odors, and other airborne pollutants that enter waterways.
AFOs are considered nonpoint sources. Certain AFO facilities may be defined or designated as a
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Concentrated Animal Feeding Operation (CAFO) based on size and discharging to state waters. As point
sources, CAFOs are regulated under the Montana Pollutant Discharge Elimination System (MPDES) and
similar permits in North Dakota. Properly sited and managed to avoid frequent discharges, AFOs can
operate without contributing pollutants to nearby waterways or groundwater resources.

The Yellowstone River land use inventory and analysis (DTM 2013) indicates that there are about 41
individual AFO operations on about 431 acres within the 100-year inundation boundary. These facilities
are cattle-feeding operations for the most part. Figure 4-106 displays the relative distribution of mapped
AFOs along the corridor. The vertical Y-axis shows both the number and size (acres) of the operations
based on 2013 Land Use Mapping data. Most operations occur in the lower river where more corn and
silage is grown and used for cattle feed. These sites range from very small to larger operations. Region C
has the greatest number and spatial extent of AFOs containing about half of all AFOs in the inventory.
Twenty-six feeding operations hold CAFO discharge permits within 1 mile of the Yellowstone River in
Montana (MDEQ 2015a).
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Figure 4-106 Animal feeding operations within geomorphic reaches within the 100-year
inundation boundary along the Yellowstone River; Irrigation Withdrawals/Flow
Depletion

There is no data to directly relate AFOs, individually or collectively, to water quality values measured in
the Yellowstone River. Fecal coliform and E. coli bacteria occurred at the highest levels in urban and
agricultural areas of the Yellowstone watershed, likely due to sewage treatment plants, agricultural
livestock, domestic animals, wildlife waste, and septic systems; however, most of the bacteria colony
exceedances occurred in tributaries and not in the Yellowstone River (Peterson et al. 2004).
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4.6.8.3 Conversion of Riparian Habitat to Agriculture Land Use: Increased
Runoff/Leaching from Agricultural Lands

Conversion of riparian land cover to more intensive agricultural uses such as irrigated crop, pasture, or
hay land may result in an increased potential for nutrients, salts, and sediment to enter the river due to
removal of the vegetative buffer (see Figure 4-107). Riparian and wetland cover provides a buffer zone
for the attenuation of water pollutants (Klapproth and Johnson 2009; Lowrance et al. 1984; Parsons et al.
1994). Removal of riparian and wetland vegetation can provide accelerated pathways for these pollutants
to enter the river (Ranalli and Macalady 2010). Nutrients and salts are the primary pollutants of concern
but pesticides are also important since many have been detected in surface and ground water in the
Yellowstone River corridor (Miller et al. 2005; Peterson et al. 2004; Mulder and Schmidt 2011).

Figure 4-107 Riparian buffer along left river bank protects adjacent cropland while narrow to no
buffer on the right bank leaves cropland vulnerable to erosion and flood debris
damage

The extent of riparian conversions to agricultural land is discussed in Section 4.2 (Land Use Change) and
Section 4.7 (Biology: Terrestrial Plants (Riparian Systems)) and their associated appendices. Restoration
of riparian and palustrine wetland habitats in areas where they have been removed or their function
altered can be used to reduce pollutant delivery and nutrient loads draining to the Yellowstone River.
Protection of effective riparian habitat and processes that sustain riparian recruitment should be an
objective of ongoing river management to protect water quality in reaches where agricultural lands adjoin
the river.
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4.6.8.4 Habitat Alteration Impacts on Water Quality: Grazing

Uncontrolled or unmanaged livestock grazing can degrade the integrity and function of riparian and
floodplain habitats, thereby increasing the potential for pollutants to enter waterways. Nutrients, sediment,
organic matter, and pathogens are the pollutants of concern associated with livestock grazing. As noted
in Section 4.7 Riparian, livestock grazing can simplify riparian habitats by removing biomass, reducing
woody cover, leaving banks physically trampled, and removing understory vegetation resulting in loss of
riparian function to trap and sequester pollutants (Belksy et al. 1999).

Livestock grazing in riparian and shoreline zones is listed as the leading agricultural cause of beneficial
use non-attainment in Montana affecting over 115 assessment units (MDEQ 2012b). Smith et al. (1997)
estimated that fertilizer and manure contributed 45 percent of the phosphorus to the Clarks Fork of the
Yellowstone River. The Yellowstone SPARROW model predicted that animal manure is responsible for
22 percent of total phosphorus yield in the basin (Frankforter et. al. 2015, in review). Prescribed grazing
practices can focus the timing, duration, frequency, and intensity of livestock use in a manner that results
in protection of riparian vegetation composition, diversity, and residual cover—which helps to maintain
water quality and other important functions, and are particularly recommended for use within the
Yellowstone River Corridor.

4.6.9 Urban/Exurban Development: Impacts on Water Quality

As land use intensifies and urban/exurban development occupies more and more of the watershed and
near-channel landscape, there is greater potential for water quality to be adversely affected. This situation
is primarily due to on- and off-site waste and sewage disposal/treatment and a concurrent decrease in the
capacity of the landscape to infiltrate precipitation as impervious surfaces increase. The main areas of
concern are related to nutrients, pesticides, pathogens, and sediment.

4.6.9.1 Conversion of Riparian and Wetland Habitat to Urban/Exurban
Development: Increased Runoff, Pesticides, and Nutrients

Sections 4.7 (Terrestrial Plants) and 4.8 (Aquatic Plants) and their associated appendices discuss the
extent to which riparian habitat was converted to urban-exurban development between 1950 and 2011
within regions A—D. The analysis is not available for the PC Region. Additional detail concerning
conversion of riparian habitat to urban/exurban development is found in Section 4.2 (Land Use). The
extent to which these changes have occurred in reaches B1-B3 (the Billings metro area), C17 (the Miles
City area), and D6 (the Glendive area) shown in Table 4-13, indicates that the conversion is closely
related to their proximity to large urban areas. Substantially less riparian habitat conversion is noted in
areas closer to smaller communities along the corridor (not depicted).

Table 4-13
Percent Conversion of Riparian Cover in 1950 to Urban-Exurban Land Use in 2011
Reach B1 _ Reach B2 Reach B3 Reach C17 Reach D6 |
| 5% 50% 17% 18% 9% |

Conversion of riparian cover to urban and exurban development can increase the potential for pollutants
to enter waterways for largely the same reasons as for agricultural conversions. Urban and exurban areas
typically have higher proportions of impervious surfaces associated with roads, streets, parking lots, and
roofs, which alters the amount and timing of runoff. While the relative size of the Yellowstone River
renders it somewhat less sensitive to the impacts of impervious surfaces, large towns like Billings, Miles
City, and Sidney can impact the river locally through altered rates of runoff and discharged pollutants.
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Nutrient enrichment, hydrocarbons, and pesticides have been detected in water, fish tissue, and sediment
in river segments downstream of the Clarks Fork near Billings. Municipal wastewater treatment plants
(WWTPs) and on-site sewage disposal systems have the potential to discharge excess nutrients and
pathogens if not operated effectively. Typically, surface discharges to state waters from point sources like
WWTPs are authorized through MPDES permits. Five WWTPs are major dischargers with individual
permits (e.g., Billings, Glendive, Livingston, Miles City, and Sidney) (MDEQ 2014c). The USGS report by
Peterson et al. (2004) also noted that WWTPs along the river have continued to improve their technology
and performance in removing sewage waterborne pollutants, particularly nutrients, chlorides, and fecal
coliform bacteria, thereby greatly improving water quality indicators over those observed in the
Yellowstone River in the 1950s (Bahls 1976; Karich and Thomas 1977). The Yellowstone SPARROW
model predicted that 5 percent of the total phosphorus delivered in the river is due to WWTPs. Of greater
influence, the model predicted that in 2002 in the Upper Yellowstone-Pompeys Pillar HUC8, WWTPs
contributed nearly 40 percent of total nitrogen yield, although recent upgrades could have further reduced
this proportion (Frankforter et. al. 2015, in review).

Poorly designed or neglected septic disposal systems can be sources of excess nutrients and pathogens.
Standard design septic systems do not effectively remove nitrate and, therefore, contribute to elevated
concentrations of nitrate in ground water (MDEQ 2012). Elevated levels of nitrate were found in ground
and surface water draining developments in the Billings area by Mulder and Schmidt (2011). The use of
appropriate recommended practices to design, install, and maintain approved septic systems is needed to
eliminate excess pollutants entering surface waters via ground water return flow.

While it is not known how many septic systems are located within the Yellowstone River corridor at any
one point in time, a septic tank density tool was developed by the Montana Natural Resource Information
System (NRIS) to allow estimation of septic system density risk factors along Montana’s waterways
(2015). Data was not available for reaches D15 and D16 in North Dakota. Figure 4-108 depicts river
reaches where change between 1990 and 2010 was in excess of 0.2 acres per valley mile.
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Figure 4-108 Change from 1990 to 2010 in acreages (per valley mile) of estimated septic tank
density risk ratings that occurred within CEA reaches
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In Park County (the PC reaches), densities are the highest in Reach PC13 (Carters Bridge to Interstate
and PC15, Mayor’s Landing area). Other areas with elevated risk ratings are A9 and A13, Reed Point and
Columbus, respectively. B2 is in the Billings area. Smaller but regular changes are seen going
downstream near existing communities. Losses in acreage generally represent a shift from low risk to
medium or high, although in some cases lower population in 2010 led to decreases in risk value and
acreage. Reaches not shown in the chart had very low to no change evident in risk ratings between 1999
and 2010.

In terms of risk category acreage, Region B had the most 2010 acreage in the medium risk and high risk
categories as a result of population growth and number of farms (2,122 acres and 364 acres,
respectively). The Park County (PC) Region is not far behind given the expansion of rural/exurban
developments over the past 20 years (with 1,178 acres and 238 acres, respectively). Low risk acreage
basically represents the area of the 1-mile wide corridor that is not either medium or high risk.

Landfills can pose a threat to water quality as harmful and toxic substances can leach into shallow ground
water aquifers or surface waters. Older, unlined landfills pose a greater threat. Waterborne pollutants
from land disposal include nutrients, pathogens, pharmaceutical compounds, and personal care products
(National Association of Clean Water Agencies 2005). Landfills are regulated by the MDEQ. At least three
currently operating landfill facilities are located within 1 mile of the Yellowstone River corridor. The landfill
database at the Natural Resource Information System’s (NRIS) Digital Atlas of Montana (2015) shows
there are five closed facilities within one-half mile of the river: Big Timber, Columbus, Custer, Forsyth, and
Lockwood. Additionally, there is an old closed facility adjacent to the river near Livingston that is not
included in the database (T. Pick, personal observation).

Stormwater runoff from urban and exurban areas, particularly during construction, can carry sediment and
other pollutants at orders of magnitude higher than background levels. Sediment yields from construction
site runoff can be 1,000 times greater than from forestland (Owen 1975).

Over 260 MPDES stormwater permits are currently in place for construction activities within one mile of
the Yellowstone River in Montana (MDEQ 2014c), 65 of which were issued for subdivision and exurban
development. In the Yellowstone River corridor, pollution from stormwater runoff is relatively localized
because the number and scale of urban areas is limited. Point-source discharge permits for municipal
storm sewer systems are currently required for seven urban areas in Montana, however only one system
is located within the Yellowstone River watershed, Billings. Additionally, portions of Yellowstone County
and Montana Department of Transportation facilities (within the designated urban areas that require
permits) hold discharge permits. Constructed or restored wetlands can be used to capture and treat
surface and ground water flow to remove nutrients (Collins and Gillies 2014; Harrison et al. 2014).
Similarly, low impact development (LID) practices can be used to contain pollutants and reduce the
temperature of stormwater runoff (Long and Dymond 2014).

Figure 4-109 shows the location of over 80 public water supply (PWS) systems within 1 mile of the
Yellowstone River in Montana (MDEQ 2014b). Eight of the systems, including seven communities, draw
and treat surface water from the Yellowstone River to serve about 145,000 people. The source of the
other systems is ground water within the river corridor. Data for North Dakota was not available. These
PWS systems serve nearly 165,000 people using ground and surface water sources. The communities of
Billings, Forsyth, Glendive, Hysham, Laurel, Lockwood, and Miles City serve about 90 percent of that
population and depend on surface water quality and quantity to meet their residents water needs (MDEQ
2014b). Low flows have affected public water supplies drawing on surface water in drought years in the
Billings area. Suspended sediment, algal residue, pathogens, TDS, metals, and alkalinity have the
greatest impact on water quality treatment by increasing treatment costs.
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PWSs Within a 1-mile Buffer of the Yellowstone River
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Source: MDEQ, Water Protection Bureau, Helena, MT
Figure 4-109 Map of the more than 80 public water supply (PWS) (blue dots) systems within 1

mile of the Yellowstone River in Montana
Note: Urban and exurban development requires adequate sources of high quality water to serve residents and
businesses.

4.6.10 Industrial Development: Impacts on Water Quality

4.6.10.1 Industrial Wastewater Discharge: Surface and Ground Water
Pollution from Return Flows

Wastewater discharges potentially add pollutants to the Yellowstone River. Industrial discharges can
potentially affect water quality by contributing manufacturing or processing waste products such as
ammonia, SVOCs, PAHS, solvents, nutrients, chlorides, sulfates, metals, grease, and other pollutants.
Eight MPDES-permitted industrial facilities discharge process wastewater to the Yellowstone River
following treatment (MDEQ 2014c).

Effluent limits are placed on the appropriate effluent parameter; however, permits often provide for a
mixing zone below the permitted outfall. The size of the mixing zone is dependent on the nature of the
discharge and its constituents, and the quality and quantity of the receiving water.

Industrial discharges can often require cooling before discharge in order to meet state water quality
temperature standards applicable to the classification of the receiving water. All MPDES permits require
water quality monitoring and compliance reporting to ensure conformity with effluent limitations specified
in the individual permits.
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The application, Mapping MDEQ’s Data (MDEQ 2015b), has a total of 27 gravel pits located within about
one-half mile of the Yellowstone River. Gravel pits can be required to obtain and follow a MPDES
stormwater discharge permit if they discharge to state water (MDEQ 2013). Operators following approved
surface mining management practices and properly reclaiming disturbed ground, however, generally are
not a risk to water quality.

4.6.10.2 Industrial Water Use: Water Withdrawals/Flow Depletion

As discussed previously, increased water depletions in the Yellowstone River that diminish discharge
have the potential to affect the assimilative capacity of the river in diluting and degrading pollutants.
Industrial water use is relatively minor compared to irrigated agriculture’s use of water. Thermoelectric
power plants are the second highest users of Yellowstone River Basin water.

Coal mining uses relatively less water than power production. If additional proposed coal mines and
production facilities are built that result in increased water use and consumption, they may impact the
lower river’s capacity to meet demand and not impair uses in July, August, September, and October
(Montana Department of Natural Resources and Conservation 1977; Klarich and Thomas 1981).

Coal-bed natural gas requires the pumping of ground water as part of the production process. Coal-bed
natural gas production water typically has elevated TDS and sodium adsorption ratio levels (Clark 2012;
Clark and Mason 2006), which can have detrimental impacts on soil and crops. Discharging coal-bed
natural gas wells in Montana requires a MPDES permit that sets effluent limits for the pertinent
constituents. Relatively few MPDES permits are currently in place in the Powder River Basin in Montana.
No coal-bed natural gas wells currently discharge directly into the Yellowstone River. Existing Montana
coal-bed natural gas wells discharge into the Tongue River. In Wyoming, large numbers of coal-bed
natural gas wells discharge into the Powder and Tongue Rivers, although recent studies have shown
some weak statistical trends in major ions over time (Sando et al. 2014).

The recent expansion of oil and natural gas drilling and production into the lower Yellowstone River
corridor near Glendive and Sidney as part of resource extraction activity in the Bakken and Williston
Basin in North Dakota and Montana creates additional demand for water resources. The hydraulic
fracturing process—or “fracking”—used to enhance extraction of natural gas and oil from shale formations
requires abundant water resources. Several million gallons of water are used per well. Alternate
technologies are being tested to use air pressure, COz, or other inert materials for this purpose but at
present, water is the most effective and economical medium. Once used and extracted, the water is
contaminated with drilling materials and is typically deep injected to dispose of it. As this water is not
directly returned to the drainage from which it is removed, the process constitutes a consumptive use.
Should extensive oil and gas development continue in the lower Yellowstone River, this industrial use
could result in substantial water consumption relative to other uses.

In summary, industrial-related activities that lead to increased consumption of Yellowstone River water in
the future could affect late season flows in the middle and lower river and concentrate pollutants that
negatively affect aquatic life and other beneficial uses. Water conservation practices and reuse
technologies can help to reduce the impact of future water demand on Yellowstone River resources.

4.6.11 Invasive Species: Impacts on Water Quality

Invasive species are primarily a threat to the species composition, structure, and health of native
vegetation in uplands, wetlands, and riparian habitat adjacent to the river, as discussed in Sections 4.7
and 4.8. A few invasive plant species also have the potential to impact water quality because of the
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water-soluble compounds they contain. Russian olive (Elaeagnus angustifolia) and saltcedar (Tamarix
spp.) are two invasive species that have been shown to affect water quality.

46.11.1 Russian Olive and Saltcedar

Russian olive has been found to affect water quality in several ways. Research shows that the plant’s
roots are associated with a nitrogen-fixing bacteria that accumulates nitrogen in the soil (Mineau et al.
2011). Dense Russian olive stands adjacent to streams contribute nitrogen to surface and ground water.
The added nitrogen can alter biochemical cycling in the receiving water, causing a chain reaction of
impacts to aquatic organisms ranging from biofilms to fish. Secondarily, the increased organic load added
by Russian olive leaves and fruits in surface water can increase the biological oxygen demand and
reduce DO levels. A study underway in Idaho suggests that the increased food source provided by
Russian olive leaves and fruits may favor the growth of exotic aquatic species like common carp
(O’Connell 2014).

Saltcedar plants have been shown to accumulate salts (sodium, calcium, and magnesium) and metals
(lead and cadmium) in their leaves and exude these elements on the leaf surface (Kadukova et al. 2008).
The elements are then shed with the leaf and collect at the ground surface where they can affect water
quality and native riparian species germination (Jacobs and Sing 2007). In the southwestern U.S., a
single saltcedar plant has been reported to transpire as much as 200 gallons of water per day but this
does not seem to be the case within the Yellowstone basin in Montana (Meredith and Wheaton 2011), so
impacts on the quantity of water resources may not be so severe in a northern climate.

4.6.11.2 Aquatic Invasive Species

A number of aquatic invasive species have the potential to affect water quality by altering the amount of
organic material that is added and decomposed in the river. Growth of dense masses of submerged and
emergent invasive aquatic species are benefited by elevated nutrients in water. These species can
reduce streamflow and alter DO levels and water temperature (see Appendix 6 (Terrestrial Plants
(Riparian Systems)) for additional information). The added load of decomposing organic materials created
by invasive species can then tie up DO, harming aquatic life. Floating single-celled algae and
phytoplankton can increase the turbidity of water. Some invasive species such as zebra mussels
(Dreissena polymorpha) can alter water clarity and the nutrient balance (turbidity) through the process of
filtration. In any case, invasive species by nature reset chemical, physical, and biological thresholds in
their environment, thereby creating a new “normal” for an ecosystem.

In summary, invasive species have the potential to alter water quality of the Yellowstone River through
both chemical, physical, and biological processes. Added emphasis on the role and threat posed by
present and future invasive species will help to ensure that these potential threats do not become reality
in the Yellowstone River Basin.

4.6.12 Off Corridor Impacts

4.6.12.1 Yellowtail Dam: Altered Hydrograph, Stream Morphology, Water
Temperature, and Sediment

Major impacts of the Bighorn River on the hydrology of the lower Yellowstone River have been discussed
throughout many of the Cumulative Effects Analysis (CEA) sections. A few additional points relative to
Yellowtail Dam are worth mentioning in terms of water quality impacts:

e The Bighorn River is a low-sodium, high-salinity water and presents some hazards for irrigators
using the water (Soltero et al. 1973). Because of the operation of the dam in regulating flows, the
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water is diluted sufficiently that it does not impact the water quality of the Yellowstone River below
the confluence during summer months when irrigation is taking place. Should upstream water
withdrawals in the Yellowstone increase—resulting in diminished summer discharge below the
Bighorn—there is the potential for TDS in the Yellowstone to be measurably affected during low-
flow periods.

¢ Yellowtail Dam discharges water that is cooler than natural conditions. This discharge supports a
Blue Ribbon coldwater trout fishery below the dam. Summer water temperatures below the mouth
of the Bighorn do not seem to be appreciably affected by this coldwater discharge. Anecdotally,
winter water temperatures in the Yellowstone River below the confluence and as far downstream
as Forsyth are thought to be warmed by Bighorn River water inflow. Data and studies analyzing
the possible impacts of this potential effect are lacking, however.

e Mercury accumulation in fish and gas bubble trauma in trout are known Bighorn River issues.
While gas bubble trauma is not carried downstream into the Yellowstone River, since mercury
testing in fish has not occurred in the Yellowstone River below the Bighorn confluence, the extent
that it carries into the Yellowstone is unknown.

e Sediment retention in Bighorn Reservoir has been previously addressed in this document.
Reduction of the sediment load delivered to the Yellowstone River is thought to adversely affect
the habitat requirements of some fish species, specifically sauger (Sander canadensis) (Jaeger
2004).

4.6.12.2 Climate Change

Specific climate projections and analyses have not been made as part of the Yellowstone Cumulative
Effects Analysis because of limitations in time and resources but are encouraged to be undertaken as
resources are available by those who follow this work. Following are the major points emphasized in a
review of pertinent climate change research and peer-reviewed literature:

¢ Climate change can potentially impact water quality in the Yellowstone River and its tributaries
through a number of climate-related mechanisms altering the timing, distribution, and volume of
stream discharge (Chang and Hansen 2014; Montana DNRC 2015); Leppi et al. 2011; Stewart et
al. 2004; Mote 2003; IPCC 1998).

e Long-term climate indicators show that a much drier climate might have better represented
conditions in the previous millennia in the Yellowstone watershed (Graumlich et al. 2003). In the
northern Great Plains area, which encompasses the Yellowstone River Basin, total precipitation
decreased by 10—20 percent since1990 (IPCC 1998). Even though precipitation in the higher
elevation greater Yellowstone region has increased slightly the past three decades, aridity has
increased due to temperature increases. Snowpack over the past 50 years is now about only 20
percent of the 800-year average in the greater Yellowstone region. Temperatures are expected to
continue to rise 3.0 to 7.0°C over the next century under some of the climate projections (Chang
and Hansen 2014).

e Warmer air and water temperatures coupled with reduced streamflow can be expected to
negatively affect water quality in the Yellowstone River Basin (Miller 2008; Montana DNRC
2015)). Changes in the timing and duration of spring runoff, noted earlier in this report, can also
be expected to adversely impact water quality and aquatic species.
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Decreased flows during past drought periods have lessened the diluting effect of streams on pollutants.
For example, substantial increases in nitrate nitrogen (NOs-N) concentrations were noted during drought
years (2000—-2001) due to less dilution of nitrate-rich ground water discharges (Miller 1999). Lower DO
levels and higher stream temperatures also might occur during extended periods of low flows, adversely
affecting aquatic life (Matthai 1979; Miller 2008). Similar or even greater pollutant concentrations can be
expected in a more arid climate when demand for water resources in the Yellowstone River might be
heightened.

Invasive species might be favored by a warming climate. As the impact of invasive species can alter the
function of riparian and wetland habitats (Section 4.7), the capacity of these areas to trap and sequester
pollutants will decline with the potential to increase pollutant loads from adjacent exurban and agricultural
land. Reduction in the extent and function of riparian and wetland habitat, whether through the impact of
invasive species or conversion to other uses, will diminish these functions and negatively affect water
quality.

The impacts of climate change on water quality in the Yellowstone River Basin could vary for upper and
lower segments of the river due to differences in elevation, precipitation, air temperature, and land cover
and use, and the contribution of return flows from irrigation. The recommended approach to most
successfully accommodating the impacts of climate change is adaptive management using effective
monitoring, flexibility, and collaborative planning to protect water quality and quantity in the basin
(Montana DNRC 2015).

4.7 Biology: Terrestrial Plants (Riparian Systems)

4.7.1 Introduction

Riparian plant communities within the Yellowstone River corridor are located adjacent to the channels (or
other waterways) where the vegetation is influenced by the presence of surface and sub-surface free
water. Riparian vegetation is distinctly different from and is transitional between the wetter aquatic
ecosystem in the channel and the adjacent but drier uplands. Riparian areas can include some
components of jurisdictional wetlands protected under Section 404 of the Clean Water Act (CWA; 33
U.S.C.), but by definition, they are not always considered wetlands (National Academy of Science 2002).
Within the Cumulative Effects Analysis (CEA), riparian systems will be considered separately from
wetland systems (Section 4.8).

The scope and character of a riparian area is directly related to the hydrologic characteristics and
geologic setting. The fluvial processes of streamflow (flooding) and sediment erosion and deposition drive
the dynamics of the riparian disturbance regime. Channel migration is the primary mechanism that both
provides fresh substrate for renewal (deposition) and removes established riparian habitat and soil
(erosion). A dynamic equilibrium exists where there is a balance between the two processes.

Potential riparian vegetation may consist of herbaceous plants only or a combination of herbaceous and
woody species progressing through a gradient of age and/or density-related vegetative classes,
beginning as closely spaced seedlings and growing through a closed (canopy) timber stage with or
without a shrub understory (Boggs 1984; Eggers 2005). As the age class matures, the typical stand then
transitions to a mature, openly spaced timber stand before the trees eventually senesce and die. The site
then transitions to an upland grass/shrub complex, which may no longer be considered a riparian
community type if the free water that the migrating channel initially provided is unavailable. A riparian
forest may persist in the absence of disturbance on sites where soil moisture is abundant. In places,
excessively wet soils without adequate oxygenation may persist as herbaceous-dominated riparian
communities (Hansen et al. 1995).
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Riparian areas are a relatively small component of the total land cover in the arid west and, for this
reason, provide disproportionally distinctive environmental services (Ellis 2008; Belsky et al. 1999;
Braatne et al. 1996). Studies conducted by the Governor’s Upper Yellowstone Task Force determined
that riparian woodlands represented less than 1 percent of the Upper Yellowstone watershed land cover
(Pick and Potter 2003). Riparian areas are noted to provide thermal regulation, provide wildlife habitat
diversity and food, filter and transform pollutants, attenuate and store floodwaters and sediment, and
stabilize streambanks (NAS 2002; Brinson et al. 1981). They also provide many forms of recreational and
economic activity in the form of livestock grazing, wildlife viewing, hunting, and fishing opportunities.

Because of the availability of water and generally deeper alluvial soils, riparian areas are generally much
more productive proportionally than adjacent uplands. Riparian areas in Montana support at least 56
percent of all Montana’s mammal species seasonally or year-round. Sixteen native amphibians, three
species of turtles, and seven snake species use streamside buffers and wetlands. Fifty-five percent of
245 breeding avian species use riparian forests (Skagen et al. 2001; Ellis 2008). For these reasons and
those previously mentioned, riparian areas represent extremely valuable and important components of
the western landscape and are a major source of the economic and environmental values associated with
the Yellowstone River ecosystem.

Riparian vegetation, as noted, is intrinsically tied to waterways and floodplains where humans have made
extensive investment on these fertile, productive lands. Numerous case studies show that riparian areas
are among the most severely altered landscapes in the country (Brinson et al. 1981; ElImore and
Kauffman 1994). Losses of the historical riparian habitat in the western U.S. may be as much as 66—-95
percent (Swift 1984; Krueper 1993). Human alteration of riparian communities spans a wide range of
vectors from altering the hydrology of rivers and lakes to geomorphic manipulation to direct removal of
vegetation for transportation corridors, development, agriculture, and timber harvest (NAS 2002; EImore
1996). Mining, while active in the headwaters of some tributaries, has not had a significant impact on the
riparian resource in the Yellowstone River CEA project area.

Riparian plant communities in the upper Yellowstone corridor (regions PC and A) typically consist of
narrowleaf cottonwood (Populus angustifolia) with western snowberry (Symphoricarpos occidentalis) or
red-osier dogwood (Cornus sericea) understory (Hansen et al. 2003). Black cottonwood (Populus
balsamifera ssp. tricocarpa) is found in upper tributaries. Finer soils and near-shore sand bars are often
colonized by sandbar (coyote) willow (Salix exigua; see Figure 4-110). Rocky Mountain juniper (Juniperus
scopulorum) is the most common conifer in the riverine floodplain and occurs where coarse soils are well
drained and riparian turnover rates are low. Narrowleaf cottonwood is the most common deciduous
riparian forest tree down to the vicinity of Columbus (Eggers 2005; Jones 2001). Regions B, C, and D
typically have similar riparian plant communities except for the fact that Great Plains cottonwood (Populus
deltoides) replaces narrowleaf cottonwood as the dominant large tree (see Figure 4-111 and

Figure 4-112). The two species sometimes produce a hybrid where they overlap.

Peachleaf willow (Salix amygdaloides) is the most common tree-form willow in the upper portion,
occurring in abandoned channels and oxbow areas. Yellow willow (Salix lutea) occurs more frequently in
the lower river’s floodplain, replacing peachleaf willow. In the late seral stage of this community type,
barring disturbance or stand elimination, either juniper, green ash (Fraxinus pennsylvanica; see

Figure 4-113), or box elder (Acer negundo) becomes the dominant woody species along with various
wetland or upland herbaceous species depending on the moisture regime present (Hansen et al. 2005;
Boggs 1984). Figure 4-114 illustrates various stages of vegetative succession in lower Yellowstone River
riparian communities observed by Boggs (1984).
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Figure 4-110 Plains cottonwood and sandbar willow seedlings carpeting freshly deposited
sediment

ditzDanielle Jones &+ . § ..
Figure 4-111 Mosaic of Plains cottonwood forest in Reach D11

Note: Younger closed timber (TC) in background with mature/decadent open timber (TO) in foreground transitioning
to herbaceous shrub/grasslands
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Figure 4-112 Root mass of a Plalns cottonwood forest
Note: The extensive root mass provides extra physical strength and added resistance to bank erosion and flood
energy compared to more shallow-rooted introduced grasses (especially in younger age classes)

Photo Credlt Danlelle Jones

Figure 4-113 Green ash saplings growing in the shade of Plains cottonwood trees in Reach D10
Note: With adequate moisture and proximity to groundwater, the green ash may eventually replace the cottonwood
stand
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Figure 4-114 General changes in dominant woody species communities in the lower
Yellowstone River

This section describes human influences affecting terrestrial plant communities, specifically riparian
systems within the Yellowstone River corridor: land use change, off-corridor impacts, hydrologic
alteration, floodplain isolation, channel migration restriction, agriculture, urban/exurban development, and
invasive species (see Table 4-14 for a summary of the primary human impacts identified as components
of the riparian systems analysis). Note that the 100-year inundation zone (floodplain) used to describe
and quantify impacts to riparian cover is not equivalent to the regulatory, 100-year floodplain or flood-
prone area, or the area of the regulated/unregulated 100-year flow statistics described in Section 4.3.2.1.
The 100-year inundation zone used here and in the wetland chapter is the area inundated by a 100-year
flood without regard to dikes and levees in the floodplain. It was developed to assist with the Cumulative
Effects Analysis (CEA) prior to when the later hydraulic and hydrologic analyses were completed by the
US Army Corps of Engineers and USGS (Corps of Engineers 2011; Chase 2013, 2014).

Appendix 6 (Terrestrial Plants (Riparian Systems)) contains a summary of the supporting documentation
for the riparian systems discussion with the Yellowstone River CEA. Spatial and temporal alterations to
riparian systems, as well as the extent and magnitude of those impacts are described, as appropriate,
along with analysis and discussion of the potential sources of those changes.

Most available references and studies used in this analysis are quantitative, but little information is
available relative to qualitative studies excepting the vegetative community structure and dynamics
studied by Boggs (1984) and Eggers (2005). Further studies are encouraged to measure the current
status and future trend in condition or health of riparian areas within the Yellowstone River corridor.
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Human Influence

Table 4-14

Impact on Riparian Systems

Summary of Human Impacts on Yellowstone River Riparian Systems

Spatial Extent

Relative Riparian
Impact

Isolation due to
fills, dikes and

channel and floodplain

system-wide, but
more pronounced

Land Use Change Conversion to other land uses System-wide Major
Off Corridor Reduced peak flows affect riparian ~ Below Bighorn Major
Impacts: Altered energy regime
Hydrology on Reduced summer low flows alter Below Bighorn Major
Bighorn River local water table making riparian
(Yellowtail Dam) cover more susceptible to invasive
species
Reduced channel forming/changing  Below Bighorn Major
flows lower riparian recruitment and
simplify wetland age and gender
diversity over time
Floodplain Isolation of riparian habitat from Limited extent Moderate

flows and increased
evapotranspiration may make
riparian habitat more vulnerable to
invasive species and reduce
opportunity for successful
recruitment

levees. in specific
reaches
Channel Long-term reduced channel Limited extent Locally major
Restrictions due migration and riparian recruitment system-wide, but
to bank leading to less age and gender more pronounced
stabilization diversity in specific
activities reaches
Agriculture — Simplification of habitat and System-wide Moderate to major
Livestock possible nutrient depending on
Management enrichment/facilitate invasion by management level
exotic species
Invasive Species Alteration of structure and species System-wide Major
composition in riparian communities
affects function and values
Climate Trends Potential for reduced August low System-wide Uncertain but if

recent trends
continue, the impact
is rated slight in the
short-term and
moderate in the long-
term.

Municipal/Industri
al Water Use

Potential for reduced low flows

Near urban and
resource
development

Uncertain, dependent
on growth

Urban/Exurban
Development

Potential for increased development
pressure with population growth

Near population
centers

Uncertain, dependent
on growth

Change in Water
Quality

Potential impacts to riparian
recruitment and vegetative
community composition

Mid-to-lower river

Uncertain, dependent
on growth and future
hydrologic
modifications
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4.7.2 Summary of Findings
The primary findings of the riparian analysis include the following:

e Much of the extensive cottonwood forests reported by early day explorers in broad valley areas
along the Yellowstone River no longer exist, having been harvested or cleared and converted to
other land uses prior to 1950. As of 2001, riparian extent makes up about 21 percent of the 100-
year inundation area (DTM and AGI 2008a); extent is strongly related to geomorphic reach type
with more extent in less confined reaches.

e System-wide, there has been little net change in riparian extent between 1950 and 2001. Some
individual reaches, however, have experienced significant change. For example:

e Over 5,500 acres of 1950s riparian cover were converted to irrigated agricultural land
uses by 2011 with 2,900 acres converted in Region D alone.

e Over 1,100 riparian acres were converted to urban/exurban development near cities and
towns along the river corridor. The Billings area accounts for 54 percent of the total
urban-caused conversion. Reach B2 alone experienced a loss of nearly 50 percent of its
woody riparian acres.

e The loss in riparian cover between 1950 and 2011 (6,858 acres) was offset by the
encroachment of riparian vegetation into abandoned or blocked side channels, primarily
in regions C and D, post 1976.

o Closed timber area has increased while shrub and open timber have declined, indicating
senescence of older cottonwood forests without a commensurate increase in younger
age classes. The riparian mosaic below the Bighorn River, where channel migration has
appreciably slowed since 1976, has become more simplified with less diversity in the
number, size, and shape of riparian cover types.

e About 20,000 acres of riparian cover has been isolated from the 100-year inundation area by
earth-fill prisms, primarily related to agricultural and transportation features. Isolated riparian
habitat is at greater risk of reduced connectivity, health, invasion by exotic species, or conversion
to other uses.

e Riprap and flow deflectors installed to prevent channel migration affect about 11,000 acres of
riparian vegetation on the Yellowstone River; primarily in regions B and C. Elimination of channel
migration will result in less riparian and wetland recruitment in the future, leading to a long-term
decline in riparian vegetation.

e Increased invasion by exotic species due to moisture-stressed riparian vegetation is likely, which
results in diminished habitat and forage values.

e Indications are that in regions C and D below the Bighorn confluence, the rate of conversion of
riparian to channel has declined since 1976, signaling a reduction in channel dynamics and
riparian exchange or turnover.

e Natural riparian succession (riparian to channel and vice versa) driven by channel migration or
floodplain turnover is responsible for more than twice as much total change in all riparian classes
between 1950 and 2001 as is land use conversion (28,400 acres vs. 11,000 acres).
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e Livestock grazing likely results in reduced native riparian species diversity, community
composition, and structure, and facilitates invasion by nonnative, invasive species.

e Russian olive occupies about 3,000 acres of the 100-year inundation area and increases in a
downstream direction from Region PC through C. Russian olive occurs most frequently in the
shrub and open timber categories and is correlated to less confined geomorphic reaches, with
invasion appearing to occur into abandoned channels and islands.

e Many additional invasive species are poised to invade the Yellowstone River watershed.

4.7.3 Riparian Extent and Composition Changes

Very limited suitable historical data are available to represent the extent of riparian vegetation prior to
1950 in the Yellowstone River corridor. Early records and historical documents do indicate that the pre-
settlement (early 1800s) Yellowstone River corridor supported abundant stands of cottonwood and other
woody species throughout the project area, except where the floodplain was naturally constrained by
geology (Confluence 2003). Unquestionably, riparian habitat extent has been substantially reduced since
the area was settled. Various authors have estimated that between 66 to 95 percent of riparian habitat
has been converted to other uses in the western U.S. so it is reasonable to assume that similar changes
may have occurred in the Yellowstone corridor (Swift 1984; Krueper 1993; Patten 1998; Poff et al. 2012).
Northern deciduous cottonwood forests occurring primarily as riparian communities made up around 1
percent of the Yellowstone River Basin in 2002 (Zelt et al. 1999).

The USFWS’s National Wetland Inventory (NWI) program conducted wetland and riparian mapping within
the Yellowstone River corridor in the mid-2000s (USFWS 2014). Merigliano and Polzin (2003) studied
riparian plant communities in the upper Yellowstone River in Park County. They determined that,
compared to 100 years ago, riparian communities generally have much the same appearance and
composition; however, there has been a marked reduction in floodplain turnover rates commensurate with
reduced extent of cottonwood forests and age distribution. The loss in riparian extent due to natural
succession was about double the rate of loss to agricultural conversions, which indicates a potential long-
term decline in riparian forest as the forest ages.

Looking at geomorphic Regions A to D riparian data between 1950 and 2001 indicates that riparian extent
has been fairly stable. Table 4-15 presents the summary results of the Yellowstone River Riparian
Mapping project (DTM and AGI 2008a) conducted using the 100-year inundation area, plus a one-tenth
mile buffer as the analysis area.

Riparian cover types used in the study are shrub, closed timber, and open timber for all regions. A
number of reaches show that riparian losses on one bank are matched by gains in riparian extent on the
other (A3, B11, C10, and D5), reflecting a dynamic equilibrium in channel migration. Closed timber
generally shows the least change over time in all reaches which, as this typically represents the middle
successional stage, is expected.

Total riparian acres between 1950 and 2001 did not change appreciably, declining by about 3 percent. On
average, riparian cover comprises roughly 20 percent of the area within the 100-year inundation
boundary, but varies between three and 44 percent at the reach level primarily due to geomorphic
attributes of the channel and floodplain. More variation is seen within the classes of riparian cover over
time reflecting the ebb and flow of temporal riparian succession driven primarily by channel migration.
This variation in regions PC, A, and B, for the most part reflects active flooding and channel migration
provided by the relatively uncontrolled aspect of the upper Yellowstone’s free-flowing and relatively little
modified hydrology (see Section 4.3 Hydrology).
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Table 4-15
Yellowstone River (Springdale to Mouth) Riparian Extent (1950, 1976, and 2001)
1950 1976 2001
Shrub (ac) 25,332 19,360 19,144
Closed Timber (ac) 38,889 36,289 42,620
Open Timber (ac) 12,319 10,661 12,595
Total (ac) 76,600 66,310 74,363
All Land (ac) 347,841 347,850 347,841
Riparian Composition 22% 19% 21%
High (%) 44% 42% 42%
Low (%) 3% 4% 2.7%
Reach High D11 D11 D11
Reach Low C21 D1 D1

Source: DTM and AGI 2008a.

Note: While overall riparian extent and composition has remained relatively static over time, individual reaches show
significant variability in extent and compaosition.

Figure 4-115 and Figure 4-116 show change in the extent (acres) of shrub an