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1.0 INTRODUCTION

This Appendix summarizes data and analysis to identify land-use change along the Yellowstone River
from four studies conducted individually for the Yellowstone River Cumulative Effects Assessment (CEA),
sponsored by the US Army Corps of Engineers and Yellowstone River Conservation District Council.

1. The Land-use Mapping and Interpretation project.

2. Yellowstone River Riparian Vegetation Mapping project.

3. Yellowstone River Channel Migration Zone Mapping project.

4. Geomorphic Parameters and GIS Development, Yellowstone River project.

The summary of data selects from a small portion of the total data collected for these sources, and is
used to highlight the major findings of Land-use change along the Yellowstone River valley. Full
presentation of the supporting data can be found in the above reports, available on line from the Montana
State Library. The Appendix information and resulting conclusions are limited by the defined project area
for the CEA supporting studies, which consists of the river channel migration zone (CMZ), a 100-year
flood inundation boundary produced from an elevation model (i.e., does not reflect the detailed
topographic details found in the CEA Yellowstone River Hydraulics Analysis), plus a buffer of 500 meters.
This boundary allows detailed comparisons of land-use change associated with changes to the river
channel and within the riparian area, but does not attempt to represent total land-use change within the
Yellowstone River valley, which periodically widens to an area well beyond the project study boundaries.

Additionally the majority of studies within the CEA umbrella rely on photographic imagery for their data
and analysis. The earliest aerial imagery for the entire river corridor dates to the 1948 to 1950 period.
That date provides the baseline condition for land-use change analysis, and additional data points exist
for the river corridor in photography from 1976, 2001 and 2011, from which trend data is developed.

1.1 Major Findings in Support of Cumulative Effects Analysis
The following findings show land-use change that supports various aspects of cumulative effects analysis:

1. First, a short discussion of the purposes of the land-use study and its use of available data.
During the course of the Land-use Mapping study that is part of the Cumulative Effects overall
studies (DTM, 2013), the researchers evaluated and detailed the difficulty of correlating
information between the several governmentally developed databases to the land-use
identification based on aerial imagery, the basis of the CEA data collection. Because no database
used for other purposes (e.g., deciding taxation, or regulating subdivisions, etc.) classifies land
use in the same way, nor do any use common definitions, DTM Consulting determined that it was
impossible to use those classifications to supplement or further analyze the land uses they
observed through aerial photography. To assess the relationship of land-use change to change in
ecological conditions, this cumulative effects assessment of land-use change relies on the direct
observation via aerial imagery of the land surface at four points in time (1950, 1976, 2001, and
2011), and based on those observations and the use of technological tools, identified acreage
associated with various kinds of land-use conversion of the surface from the historical natural
vegetation cover that predated human uses.

2. The analysis of land-use change that is associated with cumulative effects largely falls into two
areas:
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(0]

(0]

Land-use conversion that directly alters the extent of riparian and wetland vegetation

Conversion to agricultural use is the largest contributor to loss of riparian and
wetland vegetation, and occurs along the entire corridor.

Urban areas constitute the second largest conversion from natural conditions, but
in a discontinuous way being limited to the boundaries of towns and cities.

Exurban housing development has also contributed to loss of natural riparian and
wetland habitats, but is most often associated with the Upper Yellowstone from
Yellowstone National Park to the Billings area.

In other types of land use, land-use conversion may cover a small area, but can directly
influence the natural cycle of vegetation recruitment and colonization of riparian and
wetlands by isolating the river from the floodplain:

Dikes, levees, river revetments (rip rap and other channel training features) are
the largest factors in floodplain isolation. These features may be built strictly to
contain and control the channel’s access to the floodplain, for instance a levee
built to protect urban housing or similar structural construction.

Dikes and levees may also result from the construction of transportation ways,
like vehicle roadways and railroad beds. While not related to the intended use of
the resulting construction, the prism shape of such roadbeds effectively acts as a
levee structure, in some instances for many linear miles.

Single features also change land use in the floodplain, in some instances for long
distances after their occurrence (e.g., dams, diversions, bridges).

In this analysis of direct land-use conversion from undeveloped conditions
caused by these limited areal extent features, the area (in acres or square miles)
will hardly register at the reach or regional scale when compared with irrigated
agriculture or urban/exurban expansion. Nevertheless floodplain isolation is an
extensive cause of riparian and floodplain change. The combination of floodplain
isolation, direct land-use conversion and other factors changing the nature of the
floodplain will need to be associated with each other to determine overall
cumulative effects.

3. Irrigated agriculture is associated with the largest acreages of land-use conversion from riparian
vegetation and habitat to agricultural fields.

(0]

The amount of irrigated agriculture land-use conversion grows from upper river to lower
river, as (1) the route of the river moves into a plains environment, the river valley widens
and the climate change from alpine to plains allows more development of row cropping;
and (2) large irrigation projects become viable.

4. Urban development of the larger communities, such as Billings, Miles City and Glendive convert
the second largest acreage, by converting natural riparian areas and agricultural areas.

August 2015
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o0 Because Montana is a largely rural state, with few cities distributed among a few small
towns, the areas of urban land-use change are highly localized.

5. Exurban expansion of rural housing subdivisions have also converted lands, often from present
agricultural operations to residential areas, but also through conversion of previously
undeveloped lands.

o The most extensive area of exurban conversion along the Yellowstone is in the Park
County (PC) region, and occurs from the upper end of the Paradise Valley near
Yellowstone National Park to just downstream of Livingston.

o Further exurban development is found near urban areas, even small ones like Big Timber
and Columbus, and again more extensively in the vicinity of Billings and Laurel.

o Downstream from Billings, exurban development and consequent land-use conversion is
limited, in spite of the fact that many lands have been legally subdivided, but not
developed into housing, roads and other attributes of housing subdivisions.

6. Railroad beds and road prisms, necessarily raised grades to achieve a level surface for trackage
or pavement, are often located as near as possible to the stream gradient (often immediately
adjacent to the Yellowstone River), and thus act as dikes which isolate long stretches of
floodplain.

0 Agriculture and urban areas are sometimes protected by the railroad grade (dike) thus
creating a complex relationship between two factors in land-use change (e.g., land-use
conversion to agricultural fields versus floodplain isolation behind dikes).

7. lrrigation diversion structures within the river channel impose a very small area of land-use
change on the river valley, but can affect the aquatic environment by separating habitat areas and
can have a wider effect on the valley through the distribution of irrigation water with widespread
land-use conversion to agriculture.

8. The amount of land-use change on a large river like the Yellowstone also has varied with the
degree of risk of flood damage from channel migration.

0 In general there has been less land-use conversion inside the channel migration zone
(CM2Z).

0 Where land-use conversion has occurred within the CMZ it is often associated with high
investment cost land uses (e.g., bridge and road construction, industrial facilities like
refineries, urban water and sewer infrastructure, amenity based housing subdivision,
higher cost pivot sprinkler irrigation, etc.).

9. Lands not totally converted to human use are mapped in the DTM study using the category “non-
irrigated agricultural lands”. Other than small areas within the exurban and urban mapped lands
this category represents most of the lands that have not been developed extensively within the
study area, and combines within in it any land that is used for grazing or other multiple uses.
Because, the non-irrigated lands retain some to most vegetation and other habitat characteristics
typical of the pre-settlement study area, it is used in this analysis of land-use conversion as a land
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cover type that does not totally exclude native plants, wildlife and open space and which could
sustain some elements of the natural environment.

o The amount of non-irrigated agricultural lands are discussed as “undeveloped”
agricultural lands or open land in this appendix and are portrayed as potential retained
open space, native plants and wildlife habitat within the study area. Technical Appendix 6
Biology: Terrestrial Plants (Riparian Systems) addresses these open lands in more detail,
including different habitat quality represented in riparian forest, shrub lands and
grasslands.

10. One category of land use (livestock grazing) in the agricultural category was unreachable utilizing
the methods of the land-use study. Grazing analysis requires detailed data collection on the
ground, a methodology found not to be feasible within the means and objectives of the river
study. While individual ranch studies have found that grazing can affect riparian areas, it was not
possible to document such effects given the data sources that were available for all data points in
the time continuum from 1950 through 2011.
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2.0 OVERVIEW OF LAND-USE MAPPING WITHIN THE
YELLOWSTONE CORRIDOR

There are five regions delineated within the Yellowstone Valley used in this land-use analysis. From the
top of the river in Montana at Gardiner to its confluence with the Missouri River in northwest North
Dakota, the regions are as follows: (1) Region PC includes the river valley within Park County, (2) Region
A includes the valley from Springdale at the Park County-Sweet Grass County line to the mouth of the
Clark’s Fork River in Yellowstone County, (3) Region B includes the river valley from the mouth of the
Clark’s Fork River to the mouth of the Big Horn River, all in Yellowstone County, (4) Region C includes
the river valley from the mouth of the Big Horn River in Yellowstone County to the mouth of the Powder
River in Prairie County, and (5) Region D includes the river valley from the mouth of the Powder River in
Prairie County to the Yellowstone — Missouri River confluence in McKenzie County, North Dakota. Most of
the regions are divided at major hydrological divisions (e.g., the Region B — Region C boundary is the
mouth of the Big Horn River). Region PC, however, was originally studied under another project, and
many of the Yellowstone River Cumulative Effects Study data sets were utilized by this study. Thus, Park
County was maintained as its own region, defined by the county lines without reference to hydrological
boundaries. As there was no directly comparable land-use study between the two efforts, Region PC was
included in the same land-use mapping and analysis effort as the remainder of the Yellowstone Valley.

The land-use study utilized three boundaries to compare and contrast the various land uses through time.
These included (1) the Channel Migration Zone (CMZ), an area within the valley where the river channel
can be expected to move laterally, or migrate, over the next 100 years, plus the historic area now utilized
by the migrating river channel; (2) the inundation boundary, which approximates the area included within
the 100-year floodplain; and (3) the total mapped area, which adds a 500 meter buffer to the inundation
boundary, and thus covers a greater portion of the valley than the other two categories.

The first set of figures (Figure 2-1 and Figure 2-2) depict the total mapped area within the Yellowstone
Valley, at the four points in time where aerial photography coverage of the Yellowstone Valley was most
extensive: 1950, 1976, 2001 and 2011. The data are complete for the entire river except for the North
Dakota portion of the river in the 1976 imagery. There are different amounts of acreage in each valley
region within the mapped area and its two further breakdowns of inundation area and CMZ. Region PC is
the smallest region at about 35,000 acres of mapped land surface, Regions A and B are similar in size at
approximately 55,000 acres, and Regions C and D, where the valley widens and the stream gradient has
dropped, are the largest at about 123,000 acres and 105,000 acres respectively. With the different sized
regions, this study identifies the amount of acreage in various land uses but also looks at the percentage
in each land-use category, which allows for more meaningful comparisons among the regions. The five
regions differ from one another substantially in content and in rates of change over the 60-year time
period analyzed.

Overall, the Yellowstone Valley was overwhelmingly in agricultural land use in 1950, well over
90%. The two regions in the lower valley, Region C and Region D, have remained primarily
agricultural in terms of land use. However the upper three regions show definite trends away
from agriculture. While agriculture was still the most extensive land use in 2011, different land
uses have become significant parts of the landscape, each with their own distinctive footprint.
Region PC, by percentage, changed to the greatest degree. Agricultural land use occupied
95% of the mapped area in 1950, but had dropped to under 80% by 2011. The largest new land
use was exurban development, which expanded throughout the study period. Region A land
use change was not dramatic, but a combination of land uses combined to occupy more than
10% of the mapped area in the region by 2011. Region B is dominated by the Billings urban
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area, and it is the one region in the valley that shows significant urban encroachment on the
river and exurban development based on commuting to an urban workplace.

Region PC shows a definite loss of agriculture land use during the study period. Agricultural lands totaled
nearly 33,000 acres in 1950, or almost 94 percent of the region’s total land surface. Agricultural lands
show a drop in acreage of about 2,000 acres by 1976, and continue dropping over the four time
measurements, falling to just over 27,000 acres in 2011 or 78.5 percent of the region. In Region PC,
exurban development grew from 158 to 4,046 acres, a total of 3906 acres translating to a growth of 2,560
percent. Including urban expansion, the two categories are close to balancing out the decline in
agricultural land. While not a huge change in absolute numbers, the percentage change in exurban
development shows just how dramatic the exurban growth was along the river corridor in Region PC.

Region A also lost acreage devoted to agricultural land, but it was not as dramatic relative to its region as
in Region PC. Its 54,515 acres of agricultural land in dropped faster than Region PC between 1950 and
1976 (about 2,500 acres), and then lost about 3000 acres between 1976 and 2011. The percentage of
land devoted to agriculture was about 95percent in 1950, dropping to 87 percent by 2011.

The acreage lost was nearly equal, both near 5,500 acres, but the percentage lost was considerably
different considering the larger number of acres in Region A. In Region PC, by 2011 there were 15.5
percent fewer acres in agricultural land, but in Region A the comparable figure was 8 percent. And there
was a contrast in what categories of land replaced the agricultural lands. In Region A there was some
growth in exurban development (almost 1800 acres), but an almost equal acreage went to transportation
(over 1,200 acres). Nearly the entire remainder of acreage change in Region A was land lost to the river
channel, which covered an area 1,200 acres larger in 2011.

Figure 2-1 Major categories of Tier 2 Land Use within the Yellowstone Corridor. (Tab - Tier 2
LU by Region).
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Figure 2-2 Percent of mapped area in each of the major categories of Tier 2 Land Use within
the Yellowstone Corridor. (Tab - Tier 2 LU by Region).

Region B also experienced some loss of agricultural land similar to the upper two regions in that the
amount of acreage was similar at 5,900 acres. Again, as in the upper river regions there are differences in
the pattern. In Region B the decline in overall agricultural land use is offset to some extent by growth in
part of the agricultural land use, where irrigated agricultural land increased by about 2,700 acres. And the
Billings area shows a second difference from the upper river in that urban area growth was the largest
new land use to appear in the region, which saw growth in Region B of almost 3,500 acres. Exurban
growth was also substantial at 1,500 acres, but did not dominate the changed land use like in Region PC.
The total loss in agricultural land was 12 percent with half occurring in the first 26 years between 1950
and 1976, then a period of near stability, and the second half of the loss happening in the 10 years after
2001. The overall decline in agricultural lands falls about halfway between the losses in Region PC and
Region A.

The gain in irrigated agricultural land (as opposed to the general agriculture category that includes non-
irrigated cultivation and pasture lands) was 22 percent, but cancelled out less than half of the overall loss
in agricultural lands. Moreover none of the irrigated agriculture growth occurred in the area encompassed
by Billings’ growth. In the meantime, the urban gain (on a much smaller base than the agricultural lands
from 1950) was 407 percent and the exurban gain was 356 percent. In the Billings area there was a
definite trend towards urbanization that quickened in the final 10 years of the study period. About 60
percent of the growth occurred between 1950 and 1976; then there was 20 percent growth in the 25
years to 2001. The final 20 percent of the growth happened in the short span of 10 years from 2001 to
2011.

There were no clear trends in Regions C and D. In Region C, agricultural land accounted for nearly 96
percent of the land surface in the region in 1950. By 2011, agricultural land had fallen to a little less than
93.5 percent of the land in the region, a difference of 2.5 percent, but only 1,444 acres of a 1950 base of
nearly 120,000 acres of agricultural land. None of the major land-use categories stand out as replacing
the loss of agricultural land. Urban, exurban, or transportation growth had all grown about 500 acres
each, about 0.4 percent each of the land in the region. Region C is much larger than any of the regions
above it along the Yellowstone, roughly two and a third times larger in total acreage than either Region B
or Region C, and three and a half times as large as Region PC, yet changes are much smaller than those
regions in either acreage or percentage. On a timeline, change in agricultural land use was both variable
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and mitigated by increases in irrigated agricultural land. The overall loss of 1,444 acres of agricultural
land hides a larger amount of variability in non-irrigated agricultural lands than anywhere upstream of
Region C. From a baseline of 69,800 acres in 1950, that amount fell by 3900 acres by 1976, only to
rebound by 2001 to within 330 acres of the 1950 amount, and falling again over the next 10 years by
about 1,850 acres to 66,633 acres in 2011. Other major land uses—urban, exurban and transportation—
had slow but steady growth of around 500 acres each through the 60 years of the study period.
Compared to the growth rates of non-agricultural land use in the upper regions of the river, change was
very slight in the region.

Transportation land use is worth special mention here. While the category showed a small increase in
acreage, it masked a change in the mix of transportation modes. All of the growth came from the
Interstate Highway system which was constructed in the region between 1950 when that land use was at
0 acres, and 1976 when the Interstate acreage was 760. Railroads on the other hand reached their height
in acreage (in the river corridor) by 1976 at 1089 acres but had dropped to 434 acres after the
abandonment of the Milwaukee Railroad route in the late 1970s. That abandonment shows up in reduced
railroad acreage, but still exists as a kind of legacy dike that includes most river reaches in Region C. The
impacts of that abandoned railroad route are covered in the chapters on hydraulics and geomorphology.

There is growth in a more minor area of land use that is also worth special mention. Agricultural
infrastructure, including canals, agricultural associated roads, and structures grew to 2,579 acres across
the region, on a base of 1,257 acres in 1950. Most of the growth of 1,322 acres (more than double the
1950 agricultural infrastructure) occurred by 1976 when infrastructure acreage was 1,057. This growth,
while not a major land-use conversion either river-wide or even in this region, could nevertheless be
significant because it represents a widespread phenomenon affecting most of the river corridor.
Agricultural infrastructure is by its nature scattered throughout the farming and ranching lands that
dominate the river’s land-use categories. The building of agricultural infrastructure has an unintended
consequence of fragmenting remaining patches of riparian vegetation and can affect wildlife species
susceptible to having contiguity of habitat disturbed. This issue will be covered in more detail in the
terrestrial biology chapters, particularly avian populations.

Region D also lacks major trends in land-use change. This region again is dominated by agricultural land
use, which covered over 94,000 acres of Region D lands in 1950, rising to over 100,000 acres in 2011.
These acreage figures translate to 92.2 percent in 1950 and 94.7 percent in 2011, making this the only
Yellowstone River Region to experience an outright growth in agricultural land use. The overall
agricultural land-use category masks a more significant gain in irrigated agricultural lands, which grew
from 25,384 in 1950 to 40,773 in 2011. Because there was no data from McKenzie County in North
Dakota for 1976 due to a lack of aerial photography, the observer cannot see an accurate picture of
growth trends in irrigation throughout the 60-year study period.

Nonetheless, the growth in irrigation was substantial in this region, adding more than 15,000 acres of
irrigated agricultural land use. At the same time non-irrigated agricultural land use declined by over 9,500
acres. During the study period, the amount of space taken up in active river channel also declined by
about 3,400 acres, creating new lands available for land-use conversion. All other land uses (agricultural
infrastructure, urban, exurban, and transportation) increased in size over the 60-year study period, albeit
by small amounts, ranging from about 900 to 1,900 acres. None of these other land uses individually
totaled more than 1.8 percent of the region in 2011. The reasons for such substantial growth in irrigated
acres will be covered in more depth in later sections of this Appendix, as well as being examined in the
context of significant changes in hydrology and hydraulics in those technical appendices.
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21 Summary of Mapped Area Discussion

When considering the total mapped area, some regional conditions and trends are apparent. The
overwhelming observation is that agricultural land use dominates the landscape along the entire course of
the Yellowstone River (Figure 2-1 and Figure 2-2), although as this Appendix looks more closely at
reaches within the regions there are some exceptions for short distances along the river. These
differences are more obvious as the Appendix focuses more closely on the river channel in later sections.
In Regions PC, A and B the overall amount of land devoted to agricultural land use has declined steadily
between 1950 and 2011, although Region A shows some leveling of the rate of decline between 2001
and 2011 (see Figure 2-2). The regional picture masks some complexities in these trends, which will
show up in discussions of the inundation zone and CMZ sections. Region C has remained remarkably
stable, while in Region D irrigated agricultural land use has actually increased by about 15,000 acres.

2.2  Agriculture Land-use Change

This analysis is primarily devoted to changes in the use of irrigated agriculture, with some reference to
non-irrigated agricultural lands. Irrigated agriculture is the major source of complete conversion to non-
native conditions in this general land-use category. Non-irrigated agricultural lands are generally not
converted completely and in many cases not at all, thus providing the area for remaining native biological
forms (wildlife, avian life, native trees and forests, native shrub land, etc., which are covered in detail in
Technical Appendix 6 Biology: Terrestrial Plants (Riparian Systems).

The use of irrigation and associated farming techniques along the Yellowstone convert the land use from
variable vegetation types into homogenous fields that are usually leveled and prepared for systematic
application of irrigation water, thus converting irrigated lands from pre-settlement native land cover,
topographic variability and habitat to new structure and use. Irrigated agriculture was well established in
the Yellowstone valley at the point in time that this study begins—the 1948-1950 aerial photography of
the river corridor—and overall only a moderate amount of acreage was added to the 1950 totals by 2011.

This description of agricultural land use is divided into two subject areas, the CMZ and the 100-year
inundation boundary, often referred to as the 100-year floodplain. Because the inundation boundary was
developed using Geographical Information System technology based on projected elevations, it is a
general approximation of the 100-year floodplain. While it is generally accurate, it may have local
differences from other ways of calculating the floodplain in the Technical Appendix and other chapters on
hydraulics of the river system. Therefore, in the interests of fully disclosing study methods, we use the
term inundation boundary in Technical Appendix 1 Land-use to refer to what surfaces are generally
flooded in 100-year probability weather and run-off events.

Other studies in this series of technical appendices show that the most critical area of the floodplain for
sustainability of natural resources is the CMZ. It is in this area that the active channel migrates back and
forth across a limited portion of the floodplain in any given 100-year period. Over the long term the
historical occupation of the floodplain by channel may exceed the present CMZ, but for a one hundred
year planning period (far beyond most human planning models), the present CMZ may well sustain native
aquatic life and riparian vegetation and wildlife if it stays intact as a natural area. The CMZ has become
an area of land-use conversion to some extent, but except in some localized areas there are still
substantial acres of relatively natural CMZ. Thus, this study breaks out the CMZ from the overall
floodplain to illustrate how natural or not the CMZ remains for any given region or reach of the river. The
CMZ is also a principal subject in the Technical Appendices and chapters on hydrology, hydraulics and
geomorphology.

While the percentage of CMZ remaining without significant land-use conversion (such as for irrigated
agriculture or for urban use) is one useful measure of the ability of the river to sustain native life forms
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and natural processes, those acreage figures and percentages are not a complete story of the significant
natural condition within the CMZ. Equally important to how the river works to support wildlife, fish and
natural vegetative species are those natural processes that form water features in which aquatic life lives
and landforms that support riparian forests and other vegetation as well as terrestrial wildlife. Thus the
simple amount of natural land left in the CMZ is not the only critical factor in a healthy river system; the
CMZ and its channel migration through the CMZ create the basis for continuing sustainability of critical
native life.

In a river-long comparison of Tier 2 Land Use (Transportation, Urban, Exurban Agricultural Infrastructure,
Agriculture), it is interesting to note that except for Region B, the general picture of land-use does not
significantly change at the regional level when moving from total mapped area to inundation area to CMZ.
At year 2011, agricultural land is within 2 to 3 percentage points of its Total Mapped Area figure in all
Regions but Region B (see all Tier 2 figures: Figure 2-3 through Figure 2-6). Region B, as a percentage
of total lands, actually lost the least amount of agricultural land. While it has seen a similar or even
greater growth of population through time to Region PC (the other region that moved the greatest extent
away from concentration on agricultural land use), more of that population is within urban areas in Region
B, while in Region PC much of the growth change has been in exurban development.

Tier 2 Land Use Mapping within the Inundation Boundary
By Year and By Region

140,000

M Transportation

120,000 —
M Urban

Exurban

100,000 [—]
M Agricultrual Infrastructure

80,000 M Agricultrual Land

Acres
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0
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Figure 2-3 Major categories of Tier 2 Land Use within the mapped 100-year inundation
boundary of the Yellowstone Corridor. (Tab - Tier 2 LU by Region).
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Tier 2 Land Use - Percent of Mapped Area within the Inundation Boundary

By Year and By Region
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Figure 2-4 Percent of the mapped 100-year inundation boundary with for the major categories
of Tier 2 Land Use mapping. (Tab - Tier 2 LU by Region).
Tier 2 Land Use Mapping in the Channel Migration Zone (EHA and AHZ)
By Year and By Region
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Figure 2-5 Major categories of Tier 2 Land Use within the mapped Channel Migration Zone.

(Tab - Tier 2 LU by Region).
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Tier 2 Land Use - Percent of Mapped Area in the Channel Migration Zone (EHA and AHZ)
By Year and By Region

120%

100%

80%

60% i
M Transportation

M Urban

% of CMZ

10/
40% Exurban

M Agricultrual Infrastructure

10/
20% M Agricultrual Land

0%

Region

Figure 2-6 Percent of the Channel Migration Zone with for the major categories of Tier 2 Land
Use mapping. (Tab - Tier 2 LU by Region).

A different context for agricultural conversion for the entire study area is to examine irrigated agriculture in
the inundation area. In 1950, regional conversion to irrigated agriculture ranged from 29 percent of total
floodplain acreage in Region PC to 50 percent in Region C. Along the entire river corridor, almost 40
percent of the floodplain acreage had been converted to irrigated agriculture. Without even considering
other categories of land-use conversion, 40 percent converted in a way that excludes native vegetation
and wildlife is a substantial effect on the native life forms.

By 2011, the total acreage in irrigated agriculture had risen only slightly to 44 percent, but that figure
masks some significant regional differences. For example, in Region PC, 2011 irrigated agriculture had
fallen to about 17 percent of that region. Most of that decline did not revert to a less intensive land use,
but instead went to exurban expansion and near Livingston to urban growth. That land-use conversion
introduces not only landscape change but also the constant presence of people into that landscape. On
the surface, Region A seems to repeat the Region PC pattern. However, very few acres have been
converted to exurban development in Region A, and more detailed consideration of Region A, below,
reveals that most of that conversion occurred in the last reach of the region, near Laurel. However in this
Region, even larger parcels not subdivided changed ownership during the 60-year study period. Where
most of the land at 1950 was devoted to hay-based ranching, by the end of the study period many owners
were either absentee most of the year, or urban dwellers not relying on ranching for all of their income.
That social factor may be an important agent of the change in land-use conversion in Region A.

Another regional difference occurred in Region D where the 1950 and 2011 irrigated agriculture
inundation area percentages were 30 and 47 percent, respectively, a substantial rise in irrigation activity.
Figure 2-7 and Figure 2-8 illustrate acreage taken up in irrigated agriculture as acres and percentage of
the inundation area in the regions and for the entire river valley.
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Figure 2-7 Inundation Area Acres in Irrigated Agriculture, 1950-2011.
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Figure 2-8 Percent of Inundation Area in Irrigated Agriculture, 1950-2011.

Turning to the CMZ for the entire study area in 1950, regional conversion in the CMZ to irrigated
agriculture ranged from 18 percent of regional acreage in Region PC to 37 percent in the adjacent Region
A. Along the entire river corridor, just over 25 percent of the CMZ acreage had been converted to irrigated
agriculture. By 2011, the total acreage in irrigated agriculture in all regions had risen from 25 to 32
percent, but as with other topics that figure masks some significant regional differences (Figure 2-9 and
Figure 2-10). For example, in Region PC, 2011 irrigated CMZ agriculture had fallen from 18 to only 8
percent of that region but nearly the same number of acres (between 350 and 400) appeared in exurban
land use by 2011, indicating the same sort of switch to another intensive land use seen for the inundation
area in Region PC. As in the inundation area for Region A, the CMZ seems to follow a similar trend as
Region PC. But also as in the inundation area, the reasons are not entirely clear, as an increasing
exurban development trend covers well less than one-third of the irrigation acreage decline in the CMZ in
Region A.

2-9 August 2015
Technical Appendix 1: Land Use



Yellowstone River Cumulative Effects Assessment

Irrigated Land Use
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Figure 2-9 CMZ Acres in Irrigated Agriculture 1950-2011.
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Figure 2-10 Percentage of CMZ in Irrigated Agriculture 1950-2011.

Once Region B is reached, however, the trend reverses. In all of the regions and reaches where row
crops predominate (e.g. corn, sugar beets, etc.), there is increasing encroachment into the CMZ with
irrigated agriculture. Predictably, the trend is present in the last reach of Region A, where row cropping
begins to be substantial. Although raw acreage changes are not great, mostly rising from around 3,000
acres to 5,200 acres per region for Regions B through D, the rate of change is more substantial. In
Region D the 1950 and 2011 irrigated land percentages were about 17.5and 33 percent, respectively,
indicating a substantial rise in irrigation activity, and a reason to be concerned about changes to the CMZ.
Regions B and C changes are smaller, but still indicate a definite change (see Figure 2-9 and Figure 2-10
for comparisons between regions showing both actual CMZ acreage and percentage of CMZ in irrigated
agriculture by region and for the entire river).
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The following sections explore the regions and their agricultural land use in more detail by region and
where relevant by reach. Each section is organized by coverage of the entire inundation zone first
followed by discussion of the CMZ. Where relevant variation is found at the reach level, those instances
are described as appropriate.

Region PC — The Park County Region (Region PC) begins at Gardiner, Montana as the Yellowstone
River emerges from Yellowstone National Park, and is the uppermost region studied for Land Use along
the river. The PC region divides conveniently into three sub-regions for the purposes of description.
These are: (1) the Upper PC Reaches (PC1 through PC3) from Gardiner to the end of Yankee Jim
Canyon; (2) the Middle PC Reaches (PC4 through PC 12) encompassing the Paradise Valley; and the
Lower PC Reaches (PC13 through PC 21), a mixed use area around Livingston, Park County seat, to the
east boundary of Park County.

Inundation Area -The uppermost reaches in Park County have seen little change since 1950 within either
inundation area or CMZ. The inundation area total acreage in these three reaches is only 758, of which
36 acres were irrigated farmland in1950, and that had dropped to less than 1 acre by 2011. This is the
smallest proportion of irrigated acres of any multiple reach area in the entire Yellowstone Valley in either
time period. This uppermost portion of the Yellowstone Valley is a narrow mountain valley more similar to
the river in Yellowstone National Park than any downstream valley area. The inundation area is very
narrow and as the popularity of recreation and use of Yellowstone National Park grew between 1950 and
2011 the small acreages of farming were abandoned and even where not converted directly to housing or
other recreation use, the acreages were no longer farmed. Considerable land-use conversion has
occurred along the higher valley terraces, but the inundation area and CMZ have been little changed
during the study time period. For example, exurban development from residential to industrial has grown
in all three reaches in the total mapped area. Table 2-1 shows the difference in change parameters
among total mapped area, Inundation Area and CMZ for the uppermost Region PC Reaches.
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Table 2-1
Selected Land Use Acreage in Upper Yellowstone River Reaches.

Year of Observation

1950 2011
Length in LU Mapped Mapped 1950 2011 1950 2011
Reach River Miles Element Area Area Inundation Inundation CMZ CMZ
PC1 ﬁf Lands- 42 36 0 0 0o 0
4.6 Aglands- 4405 1364 36 21 7 3
No Irr
Exurban 32 158 0 10 0 1
PC2 ﬁf Lands- 251 194 0 0 0o 0
32 Ag Lands- 908 833 20 24 4 10
No Irr
Exurban 9 146 0 4 0o 2
PC3 ﬁf Lands- 635 404 35 0 0o 0
10.3 Aglands- 544 3280 127 163 16 26
No Irr
Exurban 11 303 0 12 0o 4

The second segment of Region PC, the Paradise Valley is about 40 river miles where the river first opens
out into a wider valley. This section begins at the mouth of Yankee Jim Canyon and ends where the
valley briefly narrows into a canyon again just above Livingston. The Paradise Valley retains much of the
grandeur of the mountain scenery and recreation opportunities around Yellowstone National Park.
Nevertheless, in 1950 the valley was overwhelmingly characterized by ranching agriculture.

There are nine reaches in Paradise Valley (PC4 — P12) and they show ranching and farming activity well
established by 1950, but a decline in irrigated acres by 2011. These nine reaches began 1950 with 677
floodplain acres under irrigated cultivation and by 2011 there had been a drop in irrigation to 467 acres
(Figure 2-11). The decline is not spread evenly along the valley. The majority of the loss in irrigation came
in two reaches, PC7 and PC10. PC7 is associated with the Emigrant community and Chico Hot Springs
resort, while PC 10 is near the most well-known spring creek fisheries in Paradise Valley. Both reaches
figure heavily in Paradise Valley’'s growth of exurban development (See also section on Urban and
Exurban land-use conversion).
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Irrigated Land within the Inundation Boundary
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Figure 2-11 Irrigated Agricultural Land Use in the Paradise Valley Inundation Area.

The third segment of the PC Region (Reaches PC13 through PC21) encompasses the narrow canyon
just downstream from Carter’s Bridge in a single reach, the commercial center for Park County and the
PC Region (Livingston in reaches PC14 and PC15), a limited valley area downstream of Livingston
(compared to Paradise Valley), and a second canyon area at the end of this segment. Region PC ends
with reach PC21 at the Park County — Sweet Grass County line.

In 1950, the three reaches immediately downstream from Livingston (PC16 — PC18) did have measurable
irrigated agricultural acreage in the inundation area but had fallen dramatically by 2011 (see details in
Figure 2-12. The downward trend in irrigated agricultural land use was more pervasive in this portion of
the region than in the Paradise Valley segment, with only one reach (PC19) experiencing an increase in
irrigation over the 60-year study period. These declines in irrigated acreage did not necessarily translate
to an increase in native vegetation, however, as exurban and urban growth in the Livingston vicinity was
substantial (See section on urban and exurban development in this Technical Appendix).
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Irrigated Land within the Inundation Boundary
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Figure 2-12 Irrigated Agricultural Land Use in the Inundation Area for Lower Region PC.

CMZ Discussion
For the entire Region PC, the conversion of CMZ lands to irrigated agriculture has stayed small from 1950
to 2011, with only four of the twenty-one reaches exceeding 100 acres of CMZ conversion in any time
period and none exceeding 200 acres (Figure 2-13). In fact, agricultural conversion of land to irrigated
fields is a diminishing part of the landscape between 1950 and 2011 in the Region PC CMZ, similar to the
trend in the inundation area. Only five of the Region PC reaches show an increase in cultivation, and
none of those had more than 20 acres cultivated in any time period the study measured.

Similar to the inundation zone, downward changes in agricultural use tend to be counteracted by increase
in urban or exurban land use. Only five of the twenty-one reaches in the region experienced negligible or
no increase in exurban development within the CMZ, defined as 2 acres or less of exurban development,
in the 60-year study time period. Ten reaches had moderate exurban growth, between 3 and less than 20
acres per reach. Six reaches saw growth greater than 20 acres of exurban development. Of those six
reaches, two had exurban growth of more than 35 acres. Both of these reaches (PC14 and PC15) were in
the Livingston urban area, which also saw urban growth, 15 and 66 acres, respectively.
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Figure 2-13 Irrigated Agriculture Land Use in the CMZ, Region PC (Key: HMZ - Historic
Migration Zone; AHZ — Avulsion Hazard Zone; EHA - Erosion Hazard Zone. The
three classes comprise the total CMZ).

Summary, Region PC
Over the 60 years covered by the Yellowstone cumulative effects study, the amount of agriculture has
diminished, but Region PC has a somewhat different relationship with agriculture than the downstream
areas where row crops predominate. For the river as a whole, in 1950 40 percent of the inundation area
was devoted to irrigated agriculture, and that rose to 45 percent by 2011. Region PC did not add to those
results. Even in 1950, the amount of inundation area devoted to irrigated agriculture lagged the rest of the
river at 29 percent, and irrigation had fallen to 16 percent of the floodplain by 2011. Yet the fall in
agriculture was localized. Most of the loss in acreage came in two reaches in Paradise Valley and three
reaches immediately downstream of Livingston. Some of the canyon reaches have never had much
irrigated agriculture, in contrast to the remainder of the river valley all the way to North Dakota, where only
urban expansion has nearly eliminated irrigated agriculture in a few reaches. Of the remainder of the 21
reaches in this region, over 50 percent of the reaches in the region, have maintained an agriculture
presence very close to that in 1950.

Non-irrigated agricultural land shows a mixed history for the PC Region. Fourteen of the 21 reaches in
this region experienced a loss of acreage of non-irrigated agricultural lands. Those 14 negative reaches
lost a total of 962 acres, or 6.7 percent of the total inundation area. Losses were from other land-use
conversions, mainly urban and exurban development, but even to transportation in the form of the
Interstate Highway system has contributed to loss of agriculture in some reaches. Of the 7 reaches
experiencing an increase in non-irrigated agricultural land, PC 18 stands out as an anomaly. It lies
downstream of Livingston and the Highway 89 Bridge, and it gained 440 non-irrigated acres, apparently
through an unusual combination of abandoned farmland related to exurban development, industrial
activity and the transportation infrastructure of Interstate Highway 90. The 21 Region PC reaches can be
viewed in detail in Figure 2-14 and Figure 2-15.

2-15 August 2015
Technical Appendix 1: Land Use



Yellowstone River Cumulative Effects Assessment

Figure 2-14 Non-Irrigated Agricultural Land Compared to Total Inundated Area by Reach,
Reaches 1 — 12, Region PC.

Figure 2-15 Non-Irrigated Agricultural Land Compared to Total Inundated Area by Reach,
Reaches 13 - 21, Region PC.

Because of factors related to exurban housing development and the attractiveness of recreation in the
area noted in discussion above of both the inundation area and the CMZ, the non-irrigated agricultural
lands have become the only land use that supports a sustainable natural river valley. As noted above, 14
of the 21 reaches have lost acreage in this category. The additional losses to other land uses make the
acreage ever more critical to maintaining a sustainably natural river for wildlife habitat and native
vegetation. Several of these reaches already exhibit substantial losses in non-irrigated agricultural land
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use compared to total inundation area (see Reaches PC6, PC8, PC14, and PC15 in Figure 2-14 and
Figure 2-15).

Region A — Agriculture
Region A covers the area from Springdale at the western border of Sweet Grass County to the mouth of
the Clark’s Fork River in Yellowstone County to the east. It traverses all of two counties (Sweet Grass and
Stillwater), bounds the north side of Carbon County for a considerable distance, and terminates in a
fourth county, Yellowstone County.

The region is dominated by agricultural land use, either irrigated crops or open lands generally used as
grazing land. The predominant crop grown in Sweet Grass County and most of Stillwater County is hay.
The valley transitions to mostly row crops like corn and sugar beets at the eastern end of Stillwater
County into Yellowstone County.

In upper Sweet Grass County only three reaches show substantial departure from the predominant land-
use pattern, A4, A6 and A9. A4 encompasses the community of Big Timber (the county seat), A6 a rural
exurban development and A9 the small community of Reed Point at the Sweet Grass — Stillwater County
line. A similar land-use pattern dominates most of lower Stillwater County with departures at the
community of Columbus (the county seat) in reach A13, and towards the east boundary of the Region,
where the valley widens near reach A16. Row crops begin to replace hay for lands in irrigated
agriculture, and the Region terminates in a growing urban area around the city of Laurel at reach A18.

The dominant urban area on the entire river is Billings near the upper end of Region B and its influence is
felt into Region A with substantial numbers of Yellowstone valley residents commuting to Laurel or
Billings from at least as far west as Columbus.

Inundation Area Discussion
The upper portion of this region (reach A1 through A13) is overwhelmingly agriculture in nature.
Agricultural lands in the inundation area are consistently over 90 percent per reach in 1950. Although
there is a repeating pattern in most reaches of declining agricultural land use at each measurement stage
(1976, 2001, 2011), by 2011 agricultural land use still occupied over 85 percent of the inundation area in
all but four reaches. Two of the reaches bordered communities: reach A13 (Columbus) and A 18 (Laurel)
where agricultural land use had fallen from over 95 percent of the two reaches to 70 and 75 percent
respectively. One reach, A6, had the only sizeable rural subdivision until the final three reaches in the
region, and its agricultural land use had fallen to 75 percent. Finally, a single reach, A11, experienced
severe channel re-routings over the 60-year study period, and gained 27 percent in channel area at the
expense of agricultural land use.

The only other land-use consistently appearing in Region A reaches is transportation, ranging from 0 to 3
percent per reach in 1950, and after the interstate highway system was completed, ranging from 0
percent (3 reaches) to 9 percent (2 reaches) in 2011. There is one major bridge over the Yellowstone in
this region (reach A11), and its presence as a U.S. Highway 10 bridge in 1950, and an Interstate 90
bridge in 2011, put the percentage of transportation land use outside the norm in this reach for both years
at 5 and 9 percent.

Even singling out the three principal towns in this region (Big Timber, Columbus, Laurel) does not change
the reliance on agriculture. Those three reaches, A4 for Big Timber, A13 for Columbus, and A18 for
Laurel, had converted from 1 to 2 percent of reach acreage to urban or exurban use in 1950, rising to 2 to
21 percent of reach acreage in 2011, for the three reaches. Figure 2-16 and Figure 2-17 detail major
categories of land use for the inundation area in Region A.
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Figure 2-16 Land Use in the Region A Inundation Area, Showing the Dominance of Agriculture
Land Use throughout the Region Particularly In the Early Years of the Study
Period.

Figure 2-17 Percent of Inundation Area in Major Land Use Groups. (Some bars exceed 100
percent because of the effect of river channel area on land acreages in some
reaches.)

Turning to non-irrigated agricultural lands, the category of land use that most represents open,
undeveloped lands where light agricultural use (such as grazing) can co-exist with native vegetation and
wildlife, the floodplain use of Region A presents a mixed picture. If a hypothetical benchmark of 40
percent is determined to be an adequate level of non-irrigated agricultural land use to maintain a
sustainable natural community coexisting with irrigation and other land uses, then just over half of the
reaches (10 of 18) in Region A meet that criteria. Seven of those reaches are clustered towards the lower
end of the Region, while three are scattered in the upper half. An examination of Figure 2-18 and Figure
2-19 show that very little non-irrigated agricultural land remained in at least six of the nine reaches in the
upper half of Region A, relative to either agricultural land use as a whole, or other land uses. Figure 2-20
also indicates where other land uses have reduced the potential of restoring non-irrigated agricultural land
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use, particularly in some previously discussed reaches like A6 (a rural subdivision location), A11
(Interstate 90 bridge over the river), A13 (Columbus), and A18 (Laurel).

Figure 2-18 Irrigated and Non-Irrigated Lands in the Region A Inundation Area, 1950-2011.

Figure 2-19 Irrigated and Non-Irrigated Land Relative to Total Inundation Area. (Some bars
exceed 100 percent because of the effect of river channel area on land acreages in
some reaches.)
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Figure 2-20 Change in Irrigated Agriculture, 1950-2011.

A trend in Region A is towards less land converted to irrigated agriculture, with all eighteen reaches
declining between 1950 and 2011 to some extent (Figure 2-18 and Figure 2-19. The change is not
precipitous like it is in Region PC, where overall agricultural acreage declined by about 50 percent.
However the decline has been measurable where fourteen reaches have lost from 5 to 10 percent of
1950 levels of agricultural land use, and the four reaches where other land uses have predominated
(exurban development, urban development, transportation) have declined in agricultural use by around 25
percent.

One other observation of note in this region is the appearance of pivot irrigation. In 1950, all irrigation was
flood irrigation via canals and ditches. Pivot equipment has not been used extensively but had been
installed to some extent in six reaches (Figure 2-20) by 2011. Pivot equipment is a high value investment.
High value investments located near the river channel have been associated with increased riverbank
armoring. The use of pivot irrigation near the river channel could lead to further declines in natural river
sustainability.

CMZ Discussion
In the CMZ, irrigated agriculture declined in acreage in 11 of 18 reaches. Even with the decline in irrigated
land use, six reaches were at or near 40 percent of the CMZ devoted to irrigated agriculture, thus
showing substantial loss of native vegetation and habitat in those reaches. Details of CMZ irrigation
acreage and percentage of CMZ occupied by irrigated agricultural land use are presented in Figure 2-21
and Figure 2-22. Of the reaches noted in the inundation area for other land uses (e.g., urban, exurban,
transportation), only one reach, A6, saw a substantial decline in irrigated agriculture between 1950 and
2011. This presumably means that the rural subdivision located in this reach is in large part within the
CMZ.

Two other reaches with significant amounts of other land use were present when the study period began,
1950. A11 and A 13 had reduced amounts of agricultural land use in the CMZ at 1950 and that stay
relatively stable through the succeeding 60 years indicating that the transportation infrastructure in A11
and the town of Columbus in A13 occupied considerable CMZ space.
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Five of the six reaches with pivot irrigation methods noted in the inundation area also had some pivot
equipment installed in the CMZ. Three of the five reaches had 10 acres or less of pivot irrigation land use,
and the remaining two reaches had 50 acres or less (Figure 2-21). The cautionary note about use of pivot
irrigation in the inundation area applies to a greater extent in the CMZ, because this entire area is
susceptible to river channel capture and thus becomes a likely site of bank armoring where pivots are
adjacent.

Irrigated Acres
within the CMZ (Migration and Avulsion Hazard Areas)

450 I Pivot

M Sprinkler

M Flood

Figure 2-21 Irrigated Agricultural Land Use in the CMZ, 1950 and 2011
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Figure 2-22 Percent of CMZ being Irrigated by Type of Irrigation Method.
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Region B — Agriculture
Region B divides into three segments based on type of land use, the first being the reaches that flow
between Laurel and Billings and then past the city of Billings (B1 — B3) where the valley begins as a wide
expanse but is hemmed in at B3 by encroaching rimrock exposures on both sides of the valley. This
section includes the most intensively urban landscape in the entire Yellowstone Valley. In the descriptions
and analysis that follows, the reader should be mindful that the project area and its data sources do not
cover the entire Yellowstone Valley. Thus, while the graphics will show the overwhelmingly urban nature
of Reach B2, the actual acreage numbers are not representative of the overall size of the Billings urban
and exurban land use in the first three reaches of Region B.

The second set of reaches make up the segment served by the Huntley Irrigation Project, a Bureau of
Reclamation sponsored project from the first decade of the twentieth century. The valley widens with the
first reach in this area, B4, and narrows somewhat at the end of the irrigation project near the town
Pompeys Pillar (Reach B8). The final reaches of Region B follow a narrower valley, once again hemmed
in by rimrock formations on both sides of the valley. This third segment (B8 — B12) end at the confluence
of the Yellowstone and Big Horn rivers. The final reaches are agricultural, similar to the middle section,
but are differentiated by smaller acreages relative to valley size. A private irrigation district starting at
Waco Diversion in reach B9 serves part of the valley on the south side of the river.

Inundation Area Discussion
From the mouth of the Clark’s Fork River where Region B begins to the downstream end of Billings in
Reach B3, the amount of land in agriculture land use is affected by urbanization and associated exurban
development. By 2011, urbanization had modified the agricultural pattern in the Billings area. While
Reach B1 retains close to the Region’s pattern of at least 80 percent of CMZ in either irrigated or non-
irrigated agricultural land, Reaches B2 (the principal Billings reach) and B3 are skewed away from
agriculture, particularly irrigated agriculture. The significant amount of urban and exurban acreage in the
Billings reaches also affects overall trends for all of Region B if simply recorded as part of an overall
average, in that urban development alone comprised about 20 percent of Reach B1, more than 75
percent of Reach B2, and about 13 percent of Reach B3 in 2011. In terms of total acreage of these three
reaches, urban development grows to reach about 5,500 of the total 7,300 acres, enough to mask gains
in irrigated agricultural land use further down the valley in Region B.

Also it should be noted that Reach B1 is roughly three times larger than any other Region B reach.
Because of the discrepancy in acreage to the rest of the regional reaches, reach percentages show a
more accurate picture of relative land use amounts throughout the region. Figure 2-23 and Figure 2-24
show these relationships.
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Figure 2-23  Agricultural and other Land Uses within the Inundation Area of Region B, 1950-
2011.

Figure 2-24 Land Use Percentages in the Mean Inundation Area, Region B 1950-2011. (As with
other figures in this series, individual year figures for a reach can exceed 100
percent due to the dynamic changes to channel area from year to year which
change the amount of land within the inundation area.)

Agricultural land use after the Billings reaches is typical of reaches along the remainder of the river, as
will be seen in discussions about the rest of Region B and later discussion in sections addressing
Regions C and D (see Figure 2-24for a graphic representation of agricultural land use below Reach B3).
From reach B4 downstream to the end of the region, agriculture is the overwhelmingly predominant land
use, never dropping below 80 percent of the mean inundation area in any reach.

Methods of irrigation have remained almost constant from 1950 to 2011. Only in four reaches of the
inundation zone in Region B has there been any shift to forms of irrigation other than gravity fed ditch
flood irrigation. Of the four, three reaches have seen a shift to some pivot irrigation. In Reach B1 151
acres were put into pivot irrigation by 2001, and another 50 acres by 2011 or about 15 percent of the
irrigation in Reach B1. The other two reaches, B9 and B12, began using some pivot equipment only after
2001. B9 had 649 acres in irrigation, of which 369 were pivot, or 57 percent. B12 had 378 acres in
irrigation, of which 57 were pivot, or 15 percent. In 2011, there were 7,314 acres in irrigation, of which 627
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e pivot, or 9 percent. All agricultural land use for Region B totaled 18,458. Figure 2-25 shows the amount
of pivot irrigation as a graphic

Figure 2-25 Irrigation type for Region B, 1950-2011.

One land use, although small, does stand out. Agricultural infrastructure had converted a small but
regular acreage, especially in reaches B4 through B8. The Huntley Project Irrigation District provides
irrigation water for about 28,500 acres in these reaches via a diversion dam in Reach B4. This is a
Bureau of Reclamation Project, the second such project to deliver water for beneficial use. It was
authorized by the Secretary of the Interior in early 1905 and delivered its first water in 1908. Its
infrastructure includes the diversion dam, three canals, an off-stream storage reservoir, laterals, and
drains, totaling about 450 miles. Coupled with farm structures this infrastructure land use covers 275
acres throughout these reaches (an average acreage per reach of 55), and has some presence in nearly
all irrigated parcels of land in the inundation area in this segment of the Yellowstone.

Agricultural infrastructure also is present in the final four reaches of the region, as a result of the privately
constructed Waco diversion and irrigation system. In contrast to the federally assisted system at Huntley
Irrigation District, the final four reaches have 94 total acres, for an average of 24 acres per reach in the
inundation area.

One other important parameter is the amount of open agricultural land remaining, not converted to
Irrigation. In the inundation area, the first thing that attracts attention is the absence of irrigated land in
Reach B2 by the year 2011 and the small acreage of irrigated land in B3 (Figure 2-27 and Figure 2-28).
As noted previously, these two reaches take in the area where the city of Billings is adjacent to the river
and urban and exurban land use predominates.

Second, in spite of an overall declining trend in general agricultural land use, and in irrigated agricultural
land use for Region B as a whole, irrigated agricultural land use grew in ten of the twelve reaches in the
region. Those increases came in spite of an overall decline in agricultural land use in 10 of 12 reaches.
As expected one of the reaches where irrigated land use declined was B2 in the Billings area, but B3,
also heavily influenced by non-agricultural land use, actually had a small gain in irrigated acreage of
about 110 acres.
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In the overall inundation area, there is a definite trend towards loss of non-irrigated lands in the
agricultural land-use category. It is most helpful to examine the relative percentage of the inundation area
devoted to each of these pieces of the agricultural land-use picture, as depicted in Figure 2-28. Only two
reaches are a subject of concern in 2011. B2 and B4, which have both substantial reductions in non-
irrigated acres. Reach B2, the principal Billings Reach, has lost 55 percent of its 1950 non-irrigated
acreage (a loss of 369 acres), and now totals only 308 acres or 23 percent of the inundation area in B2.
B4, which has lost 42 percent of its 1950 non-irrigated acreage and now occupies only 39 percent of its
reach inundation area, has also dropped below a 40- percent level for the reach. We are suggesting that
40 percent marks a level, as yet hypothetical, where further losses could affect the river’s sustainability.
Of the remaining ten reaches in Region B, none are close to the 40- percent figure. However, six reaches
have dropped significantly from their 1950 occupation level, with their 2011 percentage of the inundation
area all dropping 9 to 27 percentage points from their 1950 levels. The remaining four reaches also are in
a downward trend for non-irrigated agricultural land use, but have lost lesser amounts and their 2011
percentage of the inundation area are within 3 to 7 percentage points of the 1950 levels.

Region B Land Use Percentages
withinthe CMZ (EHA and AHZ)
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Figure 2-26 Region B Land Use Percentages in the CMZ, 1950 and 2011.

Figure 2-27 Changes in Irrigated and Non-Irrigated Agricultural Land Use in the Inundation
Area, Region B Reaches.
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Figure 2-28 Percentage of Inundation Area in Irrigated and Non-irrigated Land Use, 1950-2011.

CMZ Discussion
The Billings area constricts the rural environment more severely than any other area on the river. Within
the CMZ in Reach B2, the percentage of land in rural categories is much smaller than either all of Region
B or the entire river. The contrast between Reach B1 and B2 is apparent, where B2 completely departs
from the more normal Yellowstone River pattern while B1 is more similar to the rest of the region. Figure
2-29 illustrates the influence of Billings on rural landscape. Exurban development exerts some influence
on the CMZ in Reaches B1 and B3, but seems to be an issue only on the periphery of Billings. In all other
reaches, agricultural land use is around 90 percent of the CMZ.

Figure 2-29 Agricultural and Urban/Exurban Land Use in Region B, 1950 and 2011.

Similar to the inundation area, but not to the same degree, the encroachment of irrigated agriculture into
the CMZ is large enough to be an area of concern for some reaches. In particular, two reaches (B6 and
B9) had irrigated agriculture land use at 40 percent of the CMZ, while seven other reaches had neared or
surpassed 30 percent of the CMZ. A total of nine reaches, then, in the region had substantial acreage in
the CMZ in irrigated agricultural land use by 2011.
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Summary, Region B
Considering all of Region B, it shows a division into two very different conditions. At the top of the region
lies the city of Billings. It is the one metropolitan area on the entire river that has significantly changed the
relationship among the land uses, and has made urban conversion the primary land use in one reach, B2
and has made a combination of urban and exurban land use a substantial part of the total land use in the
immediately adjacent reaches, B1 and B3. In making this change, it has also reduced potential for native
vegetation and wildlife habitat by restricting non-irrigated agricultural land use (see Technical Appendix 4
Geomorphology for information on the effects on the river channel itself as well as secondary effects on
the floodplain in these reaches).

Below Billings there is a rapid transition to predominantly agricultural land use, a condition that obtains
through the rest of this region and throughout the entire lower Yellowstone River. Billings marks the end
of the portion of the river valley that has made a substantial shift from predominantly agricultural use to a
more mixed array of land uses. These lower reaches, B4 through B12, show the first substantial growth in
agricultural land-use conversion during the 60-year study period in any of the three upper river regions
from the top of the study area at Gardiner, Montana to Billings in Region B. While it is true that the
general agricultural land-use footprint was in place when the study period began in 1950, and was
reduced to some extent to 2011, more land has been converted to irrigated agricultural land use in the
downstream Region B reaches. Thus, within the agricultural land-use areas there has been a conversion
to intensive use and away from non-irrigated agricultural use.

Within Region B there are subtle shifts in the agricultural land use below Billings. Immediately
downstream of Billings lies the Huntley Irrigation Project, a federal Bureau of Reclamation effort, and the
rest of the region is the result of private irrigation efforts. The construction of canals, laterals, and drains
with federal assistance has led to a larger footprint of agricultural infrastructure in Reaches B4 through B8
where the Huntley project ends. While some agricultural infrastructure is identifiable in the remaining
reaches of Region B, the valley narrows at Reach B8 and this brings the transportation infrastructure land
use into closer proximity to the river, and thus a larger footprint than upstream. The combination of a
small amount of exurban development, the conversion of more land to irrigated agriculture, the increase
in agricultural infrastructure, and the greater intrusion of transportation into the immediate area of the river
in the lowest reaches of the region have increased the loss of non-irrigated agricultural land use available
to native vegetation and wildlife habitat.

Region C — Agriculture
Region C begins at the mouth of the Big Horn River and introduces a larger floodplain, less stream
gradient and more agricultural land use acres available. This is a long region covering 120 valley miles
and 21 reaches and has maintained the dominance of agriculture as the principal land use throughout the
region. Forsyth and Miles City stand out as the only communities of size along this portion of the valley.
The wide valley has extensive irrigation the entire length of the region. Even though the region passes
close to the Hysham Hills a geologically uplifted and timbered area, the valley remains wide with irrigated
fields. Two features stand out in the upper part of Region C. The Mission Valley (Primarily Reach C7) and
Hammond Valley (Reach C9) are especially wide portions of the Yellowstone valley, with a braided
channel and extensive riparian areas. As Region C ends the Yellowstone enters an area where the
stream is incised and the floodplain narrows near the beginning of Region D. The mouth of the Powder
River is the terminus of Region C.

Inundation Area Discussion
All of the Region C reaches show substantial homogeneity in terms of percentage of each land use, with
the exception of the reaches with the two communities of size in the region. The two valley demarcations
(Mission and Hammond—Reaches C7 and C9) clearly show more complexity in the structure of the river
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valley than their neighbor reaches, characterized by widening with increased riparian forest, extensive
braiding and island formation. These two reaches are easily identified on Figure 2-30, as they represent a
sudden rise in acreage per reach towards the upper end of Region C. However, examining percentages
of land use in the same two reaches (Figure 2-31) establishes that they have a similar land-use pattern to
the rest of the valley.

Figure 2-30 Agricultural and Other Land Uses in the inundation Area, Region C 1950-2011.

There are no active federal irrigation projects in Region C, but at least three local irrigation districts
operate diversion dams and irrigate extensive segments of the wide valley. Ranchers diversion is highest
in the Region (Reach C1) just below the confluence of the Big Horn and the Yellowstone Rivers, with a
diversion that provides irrigation to the north side of the valley from near the entrance of the Big Horn
River to the vicinity of Hysham. The Yellowstone diversion, located between the communities of Myers
and Hysham in Reach C3, provides irrigation water to the south side of the valley from near Hysham to
Armells Creek in Reach C9. The third diversion, Cartersville irrigation district, is located at Forsyth but
provides water starting in Reach C11 to irrigators on the north side of the valley past Cartersville, an old
station point on the now extinct Milwaukee Road railroad, to Reach C13 across the river from Hathaway,
a small community upstream from Miles City. Other lands in Region C are irrigated as well, but this
irrigation, done by diversion or pumps by private irrigation districts and individuals, does not cover nearly
as large areas of valley mileage.
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Figure 2-31 Land Uses in the Inundation Area of Region C, Expressed as Percentages.

Two of these smaller operations do stand out, however. The Tongue and Yellowstone (T&Y) Irrigation
District, irrigates small acreages on the east bank of the Tongue River from a diversion dam about 12
miles up the Tongue River, as well as larger acreages on the south bank of the Yellowstone River, just
downstream of Miles City. The T&Y diversion dam does have the distinction of being the first large-scale
diversion dam in the watershed in Montana, having been constructed by a group of Miles City business
leaders in 1885 (State Engineer’s Office, 1948). The other medium-sized irrigation district is the Kinsey
District, irrigating about 6,200 acres on the north side of the Yellowstone from the mouth of Sunday Creek
eight miles downstream of Miles City and past the small town of Kinsey for a total of ten valley miles. The
district is of note because it was approved in 1938 as part of the Great Depression era federal Rural
Resettlement Projects, which purchased lands from groups of homestead farmers that had filed on
substandard agricultural lands and which awarded federal loans to groups of farmers to establish
irrigation. Although the Kinsey area was an attractive area for irrigation, two previous private efforts had
failed to establish the necessary infrastructure (State Engineer’s Office, 1948).

Acreages of land within the inundation boundary vary dramatically between Region C reaches, from
approximately 1,500 acres (C18) to approximately 7,000 acres (Figure 2-30). (Reaches were defined by
geomorphological features and were not intended to demarcate the Yellowstone Valley into equal-sized
segments.) However, regardless of reach acreage, the percentage of agricultural land use for nearly all
reaches was over 90 percent in all of the time periods (Figure 2-31). Only the communities of Forsyth and
Miles City in Reaches C10 and C17 vary from that percentage figure. Miles City with its larger population
has the greatest effect on agricultural land use, dropping it to around 42 percent by 2011.

Overall, throughout Region C and the inundation area, agricultural land-use acreages are remarkably
consistent. In 1950, the total agricultural land use for the Region C inundation area was 79,405. In 2011
the same parameter was 79,466 acres, a difference of 0.1 percent. Even considering each time period
measurement, the variation was not large, -2.0 percent in 1976 and 1.5 percent in 2001. The consistency
carried through to each type of agricultural land use. The variation in irrigated agricultural land use from
1950 to 2011 was +358 acres, and for non-agricultural land use, it was -297.

Individual reaches did vary over the 60-year study period. Five reaches experienced a growth in acreage
devoted to agricultural land use. That involved an interesting dynamic in that all five reaches had a
corresponding loss in a land cover category, river channel acreage, and that cumulative loss was a
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substantial 1,893 acres. The changes resulting to irrigated and non-irrigated agricultural land use were
not easy to predict. Two reaches produced a total increase to irrigated agricultural land of 171 acres. But
there were also gains to non-irrigated agricultural land in those reaches, and in the other three reaches as
well, a total of 2,282 acres. One reach, C12, was anomalous in that it had only 40 acres of channel loss,
but experienced a decline in irrigated agriculture of 484 acres and an increase of 534 acres of non-
irrigated agricultural lands. These reaches are detailed in Table 2-2.

August 2015 2-30
Technical Appendix 1: Land Use



Yellowstone River Cumulative Effects Assessment

Table 2-2

Changes in Agricultural Land Use Compared to Changes in Channel Area.

Reach C2 Reach C6 Reach C9 Reach C11 Reach C12
IrrAg Non- IrrAg Non- IrrAg Non- IrrAg Non- IrrAg Non-

Channel Lands |IrrAg Channel Lands IrrAg Channel Lands IrrAg Channel Lands IrrAg Channel Lands Irr Ag
1950 area
in acres 1058 2464 1003 1285 1752 865 3295 3433 2255 2208 3010 2582 1435 3675 1584
2011 area
in acres 765 2539 1107 1087 1554 1248 2618 3529 3015 1523 2927 3383 1395 3191 2118
Diff. Fm
1950 -293 75 104 -198 -198 383 -677 96 460 -685 -83 801 -40 -484 534
Net Change
in Channel -1893
Net
Change, -594
Irrigated Ag
Net
Change, 2282
Non-
Irrigated Ag
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The remaining 16 reaches in Region C either experienced a slight decline in agricultural land use, or it
remained static over the four time periods. Those changes did not have a direct relationship with river
channel changes in that the river only gained a net of 369 acres in those 16 reaches.

Similar to the high agricultural land use reaches in Region B, all of the reaches in Region C have a visible
presence of agricultural infrastructure in the inundation area. The amount ranges from 1 to 5 percent of
the inundation area per reach. Only three reaches have less than 2 percent in agricultural infrastructure
land use, with the other 18 reaches greater than 2 percent. The average reach in Region C is
approximately 4,000 acres, eighteen of the twenty-one reaches have greater than 80 acres of agricultural
infrastructure, and three approach 200 acres.

The relationship between irrigated and non-irrigated agricultural land use in the inundation area shows
the dominance of agriculture as the activity directing land use. Between the two agricultural land-use
categories, irrigated and non-irrigated, over 90 percent of every reach except two is devoted to
agricultural activity of some kind. The two non-conforming reaches are the locations of the two principal
urban land-use areas in Region C. C10 is the location of Forsyth and C17 is the location of Miles City.
Forsyth brought the percentage of agricultural use down to just under 80 percent by 2011, while Miles
City with its larger size began the 60-year study period with 52.2 percent of Reach C17 in agriculture, a
figure that had fallen to 42 percent by 2011. All in all the story of Region C agricultural land use is that it
changed very little. Were it not for the two urban communities, the total of 79,466 acres in agriculture in
2011 and its overall increase from 1950 or 65 acres would hardly budge the lines on the graphics (Figure
2-33).

With the small net change in inundation area reach acreage, there is a corresponding balance between
reaches gaining and losing irrigation over the 60-year study period.

A more disturbing trend is the number of reaches where irrigated agriculture has reached 60 percent of
the inundation area, or at least 50 percent with an upward trend in irrigation. Twelve of the twenty-one
Region C reaches show losses or negative trends away from non-irrigated land use with over 50 percent
of the land in irrigation. See acreage and percentage statistics for the Region C reaches in Figure 2-32
and Figure 2-33.

Figure 2-32 Irrigated and Non-Irrigated Agricultural Land Use in Region C, 1950-2011.

August 2015 2-32
Technical Appendix 1: Land Use



Yellowstone River Cumulative Effects Assessment

Figure 2-33 Region C Irrigated and Non-Irrigated Percent Relationship, 1950-2011.

CMZ Discussion
To an even greater extent than in the inundated area, the CMZ is predominantly in agricultural land use.
This can be seen in the raw acreages (Figure 2-34), but because the reach length and overall acreage
size varies so much in this region, it is best looked at as percentages (Figure 2-35) to understand the
consistency of the relationship. Except for the Miles City reach (C17) all twenty other reaches are at least
90 percent in general agricultural land use. And of those 20, seventeen are above 95 percent. Besides
the Miles City reach (51.8 percent) the other land uses that make a greater than 5 percent appearance in
any one reach are urban land use in the Forsyth reach (C10), exurban land use in C18, immediately
downstream of Miles City, and a combination of non-agricultural use at the small town of Rosebud (C12).
Rosebud’s location is within an erosion hazard area on a high terrace adjacent to the river, so urban land
use, transportation land use and agricultural infrastructure land use combine to occupy a little over 6
percent of the CMZ.
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Figure 2-34 Major Land Use Acreage in the CMZ, Region C, 1950-2011.

Figure 2-35 Percent in Major Land Use Categories, Region C CMZ, 1950-2011.

The only other land uses making regular appearances in the CMZ are agricultural infrastructure and
transportation, neither at levels higher than 2 to 2.5 percent of their respective reaches, and most at lower
levels than 2 percent. Particularly in the CMZ, the appearance of these land uses have significance far
outweighing their physical presence size. See Technical Appendix 9 Avian for discussion on the effect of
agricultural infrastructure on some species, and Technical Appendix 2 Hydrology on the effect of
transportation in isolating floodplain from the river.

Regarding the relationship between irrigated agriculture and non-irrigated agriculture, the greater the
presence of irrigated agriculture in the CMZ, the more potential of habitat replacement and the greater
risk of bank armor interfering with channel migration and thus renewal of native vegetation and wildlife
habitat. Encroachment of irrigated agriculture is not a problem on the final seven reaches of Region C,
nor at present in C1, C8 and C10. (However, the low irrigation agriculture numbers in C10 and C18 may
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be due to competing land use from urbanization, as these are the reaches containing Forsyth and Miles
City.) (Figure 2-36) The other reaches, C2 through C7, C9, and C11 through C14 are at risk from irrigated
agriculture in terms of converted lands, and potential for bank armoring preventing normal channel
formation and migration processes. All of these reaches have or have had in the past at least 40 percent

of the agricultural land in their reaches in irrigation (Figure 2-37).

Figure 2-36 Irrigated Land in the CMZ, Region C (Erosion and Avulsion Hazard Areas).

Figure 2-37 Percent of CMZ Erosion and Avulsion Hazard Areas in Irrigation and Non-Irrigation.

Of special concern are Reaches C7 and C9. These are locally labeled the “Mission Valley” and the
“Hammond Valley”, respectively. These are the reaches discussed above in the Inundation Area
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Discussion as having particularly complex channel dynamics, accompanied by a large amount of
cottonwood forest and vegetated islands. C7 has declined in irrigated agriculture to 23 percent of all
agricultural lands over the 60-year study period, but at one time with different channel locations, was at
32 percent irrigation land use. C9 has experienced the opposite trend. In 1950 it had irrigated land use at
45 percent, one of the highest levels of irrigation in the CMZ in Region C. And since 1950 it has continued
growth in irrigated agriculture with an accompanying reduction in open, non-irrigated agricultural lands. In
1976 irrigation land use was at 51 percent, 2001 at 56 percent and 2011 at 58 percent. These are
perhaps critically high levels to maintain sustainable river functions in this reach.

Summary, Region C
To summarize the entire C region, agriculture is by far the largest land use. As pointed out in the
introduction to Technical Appendix 1 Land-use, ironically Region C has experienced the greatest amount
of de jure subdivision, apparently in a reaction to tightening subdivision requirements by the Montana
legislature. However, most of the land was converted to agriculture well before 1950 and remains in that
land-use category today (Figure 2-31 and Figure 2-35). Overall, these 21 reaches do not show major
change in agricultural land use.

While Region C has been relatively stable in land use, irrigated agricultural land use had already reached
a level by 1950 that could be of concern in maintaining sustainable river vegetation and wildlife habitat,
and while there has been some increase in some reaches in the relative amount of non-irrigated land use,
the risk remains (see Figure 2-33 and Figure 2-37 for indications of high levels of irrigation land use
reaches).

Four reaches have seen some conversion from agriculture to urban, exurban and transportation land
uses, associated with river communities. These issues will be described in the Urban/Exurban land-use
sections below.

Finally, two land uses intrude on this otherwise agricultural landscape, both related to development of the
agricultural businesses along the river corridor. All of the Region C reaches show a presence of
agricultural infrastructure. While small, never more than 2 to 5 percent of a reach, and more often less
than 2 percent, infrastructure presents a special problem for bird life in that it, along with irrigated
agriculture, breaks up the otherwise large patches of riverine native plant communities. This can be a
problem for maintaining the populations of some bird species. See Technical Appendix 9 Avian for further
discussion.

The other land use with an unintended effect is transportation. Its actual footprint on the landscape is
small, as indicated by the figures referenced above. However, the roadbed for transportation, particularly
railroads creates functional dikes, and isolates much more floodplain from the river than the size of the
footprint would make obvious. It is the length of the roadbed and its specific location, rather than the size
in acres that creates the effect. The isolation of floodplain is discussed at length in Technical Appendix 4
Geomorphology (Channel Pattern and Channel Migration).

Region D — Agriculture
Region D begins with the juncture of Powder River and the Yellowstone, and ends at the confluence of
the Yellowstone and Missouri Rivers. Geologically and geomorphologically the final region on the
Yellowstone River differs significantly from top to bottom, but at the same time it is socially and
economically and unified by having two of the largest irrigation projects on the entire Yellowstone main
stem, which directly influence all but two of the Region D reaches. These two irrigation projects, both
sponsored and initially constructed by the Bureau of Reclamation, irrigate approximately 78,000 acres
within the Yellowstone corridor, in Prairie, Dawson, and Richland Counties, Montana, and McKenzie
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County, North Dakota. With good soils, a wide floodplain, and for the most part, no need for major lifting
of irrigation water to access the floodplain, this region is well suited for agriculture.

So, for the 60-year study period, the story of Region D is agriculture. In 1950, many reaches already had
an agricultural land-use footprint nearing 100 percent of the inundation area. By 2011, all reaches except
D6 (the location of the community of Glendive) had reached an agricultural footprint over 95 percent. For
the study period, Region D had growth in agricultural land use of almost 5,600 acres. Irrigated agricultural
growth was even greater, over 11,000 acres With the exception of two reaches, D4 and D6, the
agricultural growth of the 60-year period was downstream of Reach D9, meaning that it was all within the
big Bureau of Reclamation irrigation project (i.e., the Lower Yellowstone Irrigation District).

The region is divided into 16 reaches, covering a variety of physiographic areas. Reaches D1 through D3
in Prairie County, the upper most part of river is moderately incised into the landscape, and the floodplain
is narrow. High terraces impinge on the river channel. Thus, irrigated agricultural land use is limited. The
CMZ and 100-year inundation zone are very narrow.

Reaches D4 though D9, through Glendive to the Intake diversion dam for the Lower Yellowstone
Irrigation District present a widening river bottom similar to Region C. While the inundation area remains
similar to the uppermost D reaches, the CMZ reaches four digit acreage numbers for the first time in
Region D.

After Intake (Reach D9) the river makes a major change. With one exception, the reaches are much
larger in acreage by 1,000 to 4,000 acres for the inundation area, and the CMZ from 1,200 to 2,000
acres. A few reaches have massive meander belts with extensive riparian forest, and two large Montana
Wildlife Management Areas are located along the river in Reaches D11 and D12. The final reach, D16 in
McKenzie County, North Dakota, is unconfined by topographic features as it enters the joint Yellowstone-
Missouri River floodplain. The inundation area for this reach is by far larger than any other on the
Yellowstone—12,050 acres.

Inundation Area Discussion
Agricultural land use in the Region is straightforward. In the upper nine reaches to Intake Diversion in D9,
overall land use, and agricultural land-use acreages are consistent and lower in size than the valley from
D10 through the end of Region D. These upper reaches show substantial growth only in Reaches D4 and
D6. In both cases, the acreage taken by river channel is reduced and apparently taken advantage of by
increases in agricultural use, and in the case of D6 an expansion of urban development into the
inundation area. In D6, the construction of Interstate Highway 94 across the floodplain and bridging the
Yellowstone caused the abandonment of a major side channel by the river. That and the construction of a
levee allowed urban development and increased farming in previously high-risk flood areas. Absent that
development, Glendive’s urban development would not affect the inundated area as most of Glendive is
located on a high terrace to the east.

From Reach D10 to the end of the Yellowstone in D6 the river is characterized by an ever-widening
floodplain. For the most part, agricultural land use was nearly at 100 percent in 1950 and that did not
change. The only exceptions are in Reaches D13 and D14 where exurban development and agricultural
infrastructure make up 5 and 3 percent of the land use in the two reaches.

Acreage sizes and percentage of land use are depicted in Figure 2-38 and Figure 2-39. These two figures
bear some discussion of the data presentation in them. They show apparent new land-use acreage
through the years of the study period and some apparently aberrant percentage figures in seven different
reaches. The acreage figures are real, in that the river channel made major changes in these reaches
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during the study period, in most cases simplifying its channel, and creating more land surface at various
time points when measurements were calculated. Figure 2-38 records the acreage at four time periods
and shows growth or loss. Figure 2-39 percentages are based on a reach mean channel acreage for all
four time points, and thus may understate or overstate the percentages of land use relative to the
inundation area in any one time period for that reach.

Figure 2-38 All Major Land Uses within the Inundation Area of Region D, 1950-2011.

Figure 2-39 Percentage of Each Major Land Use in the Inundation Area of Region D Reaches,
1950-2011.

Turning to irrigated and non-irrigated agricultural land use, D1 and D2 are typical of the narrow area
available to irrigation in the uppermost Region D. In D1, the irrigated agriculture acres in the CMZ and the
inundation area for 2011 are 24 and 742 acres, respectively, out of 3,057 acres available for general
agricultural purposes in the inundation area. In D2, those same three acreage figures are 3 and 881, out
of 3,153 inundation area agricultural acres. For comparison purposes in a wider river reach in the D
region (Reach D12), the acreage figures for irrigated agriculture in the CMZ and floodplain are 1140 and
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2,532, out of 4,814 general floodplain agricultural acres. Figure 2-40 details the type of agricultural land-
use acreages by reach and shows the inundation area side of this equation. CMZ acreages will be
discussed further in the next section.

Comparing the first six reaches in the inundation area for the region reveals some subtle changes in
irrigated agriculture. There were real increases in irrigation, particularly between 1950 and 1976 (Figure
2-40). The Buffalo Rapids Irrigation District, a Bureau of Reclamation sponsored irrigation program, is
dependent on a series of large-scale pumps to provide water to its floodplain acres. The total acreage
increase for these six reaches within the inundation area is from 2,558 acres in 1950 to 5,794 acres in
2011, more than doubling the total acres in irrigation. Buffalo Rapids irrigation project was conceived

Figure 2-40 Irrigated and Non-Irrigated Land within the Inundation Area, Region D 1950-2011.

Figure 2-41 Percent of the Inundation Area, Region D, in Irrigated and Non-irrigated Land Use
1950-2011.
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during the 1930s depression and built by the Bureau of Reclamation in cooperation with the Works
Progress Administration, starting in 1937.Although construction was halted during the latter portions of
World War Il, it restarted in 1946 and the pumping plants, main canals and major laterals were completed
by 1948. The build out of this system largely occurred after the 1950 aerial photography utilized as the
baseline for this study, thus accounting for one portion of the irrigated agriculture land-use growth in
Region D.

Even with conversion to irrigated agriculture increasing significantly over the last 60 years in upper
Region D, there remains a solid percentage (60 percent or more) of open, non-irrigated agricultural lands
in these six reaches. Except for Reaches D1 and D2 where irrigated lands accounted for between 20 and
30 percent of the inundated area in 2011, the non-irrigated lands in the inundation area hover in the 30 to
40 percent range for the same time period (Figure 2-41).

After Reach D9 the region is primarily defined by the second major irrigation district in Region D. The
Lower Yellowstone Irrigation District begins in Reach D9 and carries through on the west/north side of the
Yellowstone to the end of the river. Intake Diversion extends across the entire river in Reach D9 and
withdraws approximately 1,250 cubic feet per second from the river to serve irrigation water to the
remainder of the Yellowstone floodplain on the west side of the river. This is a Bureau of Reclamation
project begun in 1905, with dam and main canal put into operation in 1910. The project presently irrigates
about 55,000 acres throughout the remainder of the valley to the confluence with the Missouri.

This part of the valley is within the area of Pleistocene glaciation and glacial deposits are characteristic of
the river valley margins on the west side of the river. The gradient here is the lowest of the river, and the
river valley has carved out a wide meander belt can extend laterally nearly two miles in places.

Riparian forest is extensive, most often on the west side of the river, as the east bank is against the bluffs
for long stretches on the east/southeast side of the valley until reach D16 where the river flows through
the shared Yellowstone—Missouri River floodplain. The largest pieces of riparian forest are associated
with two wildlife management areas (under Montana Fish Wildlife and Parks jurisdiction—Elk Island near
Savage and Seven Sisters near Crane) in reaches D11 and D12.

In the upper portion as well as the lower portion of reach D12 (separated by Seven Sisters Wildlife
Management Area (WMA)) the inundation area assumes its final configuration, which is accompanied by
the most extensive irrigated agricultural acreage along the entire river valley. From the downstream end
of Seven Sisters WMA, past Sidney opposite the middle of reach D13, the amount of cottonwood forest
drops off and the floodplain has nearly all been converted to irrigated agriculture. The same situation
persists to the confluence with the Missouri River in reach D16. The river flows into North Dakota briefly in
D14, back into MT in a wide meander bend, and then permanently into North Dakota at the beginning of
D15.

Reach D16 marks the end of the Yellowstone Valley and the final almost 7 river miles flow through the
joint Yellowstone/Missouri floodplain. A few remnant pieces of river meanders and associated forest exist
to nearly a mile distant, west of the present course of the Yellowstone channel. However most land in the
floodplain south of the Missouri channel has been converted to irrigated agricultural land use.

The Lower Yellowstone Irrigation District reaches show two distinct characters in the inundation area. At
the upper end of the district (Reaches D10 through D12), in 2011 stretches of reach D10 still contained
undeveloped land. After irrigated agricultural land use grew between 1950 and 1976, and again between
1976 and 2001 to a total irrigation footprint of just under 40 percent of the inundation area, it appears to
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have leveled off in the final 10 years of the study period with approximately 30 acres less in irrigation by
2011(Figure 2-41).

Reach D11 shows the effect of the extensive bottom lands in riparian forest within and adjacent to Elk
Island WMA. The reach only had about 19 percent of the inundation in irrigated land use through all time
periods of the study (Figure 2-41). Reach D12, which contains Seven Sisters WMA, is also affected by
the WMA jurisdiction, but not to the extent of D11. With considerable irrigated agriculture already present
on either side of the WMA in 1950 (41 percent of the inundation area), irrigated agricultural land use
steadily grew through all four time periods to 52 percent of the inundation area in Reach D12 (Figure
2-41).

Reach D12 is a long reach at over 11 valley miles. The final three miles of the reach begins the most
intensively cultivated area of the inundation area. By 2011, the remaining reaches in the Yellowstone
Valley all had over 60 percent in irrigated agriculture, with one reach (D15) exceeding 80 percent (Figure
2-41). These final reaches have increased risk of not maintaining sustainable native vegetation and
wildlife habitat.

CMZ Discussion
Looking at relationships among the various components of the river valley in Region D for the CMZ, the
channel area dominated this part of the rural landscape with extensive riparian forests, although its
presence has shrunk in the 60 years of the study. Particularly from Reach D9 through Reach D11, the
channel occupied 45 to 58 percent of the CMZ, but has lost from 13 to 39 percent of its area in these
reaches. This has created new land surfaces, a substantial amount some of which have gone into
agricultural land use.

In general the CMZ in Region D has followed the pattern of the inundation area. Figure 2-42 shows that
only a small amount of acreage has been converted to high intensity irrigated agriculture in the CMZ from
Reach D1 though D9. Once the river valley widens after D9 and the river reaches the area encompassed
by the Lower Yellowstone Irrigation District, there is a steep increase in irrigated agriculture in the CMZ.
The contrast is startling from D1 with 24 acres of irrigation land in 2011 (albeit in a very constricted portion
of the valley) to D14 with 1678 acres of CMZ under irrigated cultivation. The percentage of CMZ in
irrigation tells a similar story (Figure 2-43). Of the first nine reaches in the region four hardly exceed 5
percent of the CMZ in conversion to irrigated agriculture. No reach in this area reaches the 25-percent
level of conversion to agriculture. For the final seven reaches (D10 — D16), all but one reach had a
conversion to irrigated agriculture level of over 20 percent. One sequence of reaches, D12 through D14
have had increasing conversion rates, with D14 having converted over 45 percent of its CMZ lands to
irrigated agriculture by 2011.
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Figure 2-42 Acres of Irrigation in the CMZ, Region D 1950-2011.

Reach D8 is of interest in the relationship between non-irrigated open agricultural land and that which has
been converted to irrigation. A very visible feature of Reach D8 is a series of three peninsula-like land
features created by extensive lateral migration of the river. The two of these features on the east side of
the river have been extensively converted to irrigated agriculture (Figure 2-43). This offers a view of the
alternative effects of two land management applications. While this area in D8 shows an increasing
amount of CMZ devoted to irrigated agriculture, similar areas in Reach D11, either at present or in
remnant form from earlier channel configurations, support extensive native vegetation and wildlife habitat
in a WMZ management setting.
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Figure 2-43 Percentage of Irrigated Lands in the CMZ, Erosion and Avulsion Hazard Areas,
Region D 1950-2011.

One area of potential concern is the conversion of flood irrigation to pivot in the CMZ. The impetus to
protect investment in pivot irrigation can potentially increase the bank armor projects where pivot irrigation
has been installed in proximity to the channel. In early years of the study period, no pivot irrigation was
installed in the CMZ. It began appearing by 2001, and by 2011 had increased in most reaches in which it
was being used. In 2011, only two reaches had as much as 200 acres in pivot irrigation, but it could be a
risk to a sustainable CMZ if present indicators continue to increase into the future (Figure 2-44).
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Figure 2-44 Pivot Irrigation Relative to Other Irrigation Methods in the CMZ, 1950-2011.

In total about 846 acres had been converted to pivots in the Region D CMZ by 2011, with Region D being
the highest of any region. Comparison to other regions is shown in Figure 2-45.

Figure 2-45 Irrigation Land Use by Irrigation Method, All Regions, 1950 and 2011.
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2.3 Urban and Exurban Land Use Change

Urban land-use conversion, the land within incorporated city limits, and exurban land-use conversion, or
rural subdivisions, are limited on the Yellowstone River main stem. Aside from communities like
Livingston, Laurel, Billings, Miles City, Glendive and Sidney, towns were very small in 1950. The 1950s
were a time when suburban communities and exurban developments were in their development stages
country-wide, and given Montana’s small population, nearly non-existent along the Yellowstone. In 1950,
only 425 acres were classified as exurban land use within the over 560-mile long Yellowstone River
floodplain, about the acreage of a town like Columbus, in Stillwater County.

By 2011, the situation had changed moderately. Billings had grown into a mid-sized city. There had been
noticeable rural exurban development upstream from Billings, particularly in Park County/Region PC and
its Paradise Valley.

For the most part urban development affected only the immediate area of a specific city or town. However
there were two exceptions. First, the Billings/Laurel area was large enough that it economically drew
people as commuters for some distance in either direction along the Yellowstone River. This has
contributed to an extensive although discontinuous exurban presence for a short distance to the east and
to perhaps 60 miles west along the river. Much of that exurban presence is away from the Yellowstone
River valley and does not appear in the footprint this study addresses.

In addition to urban growth and exurban development due to the presence of medium and small urban
communities, proximity to the mountains, trout streams and Yellowstone National Park has drawn
permanent and part-time residents attracted to the amenity values of four upper river counties: Park,
Sweet Grass, Stillwater, and Carbon. Some of that exurban development occurred along the Yellowstone
River and is described in this study, particularly in Regions PC and A.

Below Billings, the population has stayed much more rural, and compared to the four upper river counties
and Billings vicinity, exurban developments have been almost always associated closely with the location
of the larger towns and cities, including Forsyth, Miles City, Glendive and Sidney. There is some attraction
to living outside the city limits of these downstream communities, but normally that development is within
the reach or reaches of the river that touch the related city/town boundary.

On a regional basis, only Region PC and Region B have experienced enough growth that they exert
influence at greater than a reach scale. Looking at the regional distribution of land uses, the collection of
land uses related to development approached 20 percent of Region PC by 2011, and just over 16 percent
in Region B. Region A also experienced steady growth in exurban development, but it remains scattered
through the region and had reached only 3 percent of the region by 2011 (see Figure 2-45 for details).

In a regional view of urban/exurban development in the CMZ, an examination of Figure 2-46 shows that
encroachment of urban and housing growth into the CMZ barely registers from this high level viewpoint.
Compared to the extent to which the inundation area has been converted in Region PC and Region A,
acreage in the CMZ is miniscule. However, the CMZ itself is small relative to the inundation at the
regional scale. Looking at the percentage of the CMZ that has been converted at least shows that the
trend of development has begun to present a risk factor for CMZ sustainability (Figure 2-47). The effect
on CMZ is mostly localized however, and will be explored further in sections below.
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Figure 2-46 Regional Chart of Land Use Distribution throughout the Yellowstone River Valley
Corridor, 1950-2011.

Figure 2-47  Acreage Devoted to Major Land Uses on a Regional Basis.
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Urban and Exurban Land Use Change in the Upper River Regions — Region PC
and Region A

The Yellowstone Cumulative Effects Analysis is intended to be “river centric”, in that its principal aim is to
assess what the effects of human activity have had on the river, not necessarily the role of the entire
valley and its effects. Urban and exurban development is easily observed by the casual observer because
housing clusters, new businesses and roads and streets provide a contrast to the agricultural or natural
areas which become converted to urban or exurban land use. However, the point at which such
development might have impacts on the river is more difficult to discern, because the floodplain where
interactions begin between the river and surrounding land is not marked by a visible boundary. The urban
and exurban land use is built on data sets that were collected with the river as the target, rather than
being focused on the towns and cities that make up urban areas or the settings that attract exurban
development. The analysis that follows was built on the remote sensing data collected for all of the
Yellowstone studies, and as such only covers the river channel, floodplain and a small buffer area. The
reader is encouraged to keep in mind that entire urban areas and entire exurban developments are not
part of the study. Rather this analysis concentrates on encroachment into the floodplain, the CMZ, and
the banks of the river itself.

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 (i.e., 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 ten years to
2011s 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 (inundation area) (see Figure 2-48 to view the percentage growth in
the inundation area).

Figure 2-48 Percent of Major Land Uses on a Regional Scale.

Development of exurban properties has also occurred within the CMZ. This growth has been localized to
a large extent, although there is a presence of exurban growth in all but five PC reaches. The greatest
exurban growth in the CMZ has been in three reaches in the Paradise Valley (PC5, PC6, and PC8) with
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one reach over 25 percent of its reach and two over 30 percent. There has also been exurban growth in
the Livingston area with reaches PC13 and PC14 both over 20 percent of their reaches (Figure 2-49).

Figure 2-49 Percent of the Inundation Area in Exurban and Urban Land Use.

In 1950 the Livingston urban/exurban inundation area share was 23 percent of the Reach PC14 and 33
percent of Reach PC15. By 2011, the two reaches were at 54 and 69 percent, a trend that increased
through 2001 but stayed level through 2011. At the same time, open land (non-irrigated agricultural land)
decreased from 79 and 57 percent to 37 and 23 percent of the same two-reach area.

Two towns lie within Region A, Big Timber and Columbus. Big Timber proper is on a high terrace to the
south of the river and only 7 to 8 acres of urban area fall within the floodplain, either in 1950 or 2011.
Exurban growth is small throughout the time period of the study. Zero acres of exurban land were
mapped for 1950, but by 2011 Reach A6, close to Big Timber had gone from zero to 110 acres of
exurban development, the only exurban development of note in the inundation area. Other Region A
reaches upstream and downstream of Big Timber had either no exurban development or very minor
acreages (i.e. less than 10 acres, even by 2011).

In Stillwater County the Columbus area is somewhat different than Big Timber although similar in
population size. The town limits lie within the inundation area in Reach A13 creating a bigger footprint
than for Big Timber. Growth is relatively steady throughout the study period, thus making a different
pattern from upstream, and reflecting the gradual assumption of commuter status for the Columbus area,
with many residents driving to employment in the Billings/Laurel area. In addition Columbus possesses a
small industrial base which adds to the dynamics of its population.

While in the higher Region A reaches there is some exurban development, it has only risen into the 100-
to 200-acre range close to the towns of Big Timber and Columbus. Otherwise, it is scattered, never rising
above 10 acres.

The widened agricultural area approaching Laurel in reach A remained largely agricultural in the 100-year
floodplain, with small acreages in reaches A16 and A17 not reaching 5 percent of the acreage in either of
those two reaches by 2011. Only immediately downstream of Laurel, at the end of the Region in reach
A18 was there a significant amount of exurban development, even in 2011. In this reach the 1950

August 2015 2-48
Technical Appendix 1: Land Use



Yellowstone River Cumulative Effects Assessment

acreage in exurban development was 27 acres, but jumped 10-fold to 239 acres in 2011, or 16.4 percent
of the reach.

Figure 2-50 shows the percentage of the inundation area converted to urban or exurban land use by 2011
throughout Region A (reaches with negligible or no urban/exurban growth are not shown). No reach has
been encroached upon by urban and exurban development combined to more than 21v of its area, and
that only in Reach A13, the Columbus area.

Figure 2-50 Percent of the CMZ in Region PC in Urban/Exurban and other Major Land Uses.

Urban and exurban development is not described in detail as few Region A reaches have such land use
in amounts large enough to register. Of those inundation areas noted above only Columbus and Reach
18 just downstream from Laurel exceed 10 percent of a CMZ reach. At Columbus, the 2011 statistic is
16.6 percent of Reach A13 in combined urban and exurban development. Reach A18, however, shows
the beginning of the outer reaches of Billings’ exurban development as the eastern boundary of A18 is
only 11 valley miles from the edge of the city. A18 exurban development occupied 26 percent of its reach,
an increase of over 13 times the 1950 percentage (1.6 percent).

Urban and Exurban Land Use Change in Region B
The only urban or exurban reaches in Region B are those including and immediately upstream and
downstream from Billings. Reach B1 is between 13 and 14 valley miles in length and begins just
downstream of Laurel. It is largely exurban, but encounters the urban boundaries of Billings just under 2
miles from its terminus at valley mile 300. Urban Billings runs from that point through reach B2 until
terminating between valley miles 293 and 294 in reach B3. Reach B3 is a combination of exurban and
urban development. Urban Billings abuts the river on the north bank for approximately 9 miles.

All three of the Billings reaches have shown tremendous growth over the length of the study period within
the inundation area. In 1950, both Reaches B1 and B3 urban and exurban areas occupied well 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
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. These three reaches are a definite risk to sustainability of
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a 22-mile stretch of the river Valley by converting native vegetation and wildlife habitat to urban uses, plus
other factors isolating the river floodplain and modifying the immediate riverbank environment.

Huntley diversion dam is located downstream of Billings in Reach B4, a reach that is confined to the
south by high hills and on the north bank, a narrow floodplain is dominated by agriculture below a high
terrace. Any urban or exurban development near this reach is outside the boundaries of this study.

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. By the east end of Huntley, just six
miles east of Reach B3, urban and exurban development has nearly disappeared. Figure 2-51 shows the
growth of urban and exurban acreages in the floodplain between 1950 and 2011 from reach B1 through
B11, well past the exurban and urban growth zone.

Figure 2-51 Urban and Exurban Land Use in Region A.

In the CMZ near Billings, there has been an extraordinary amount of incursion into near vicinity 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. To 2011, Reach B1 had moved from exurban occupation of
about 1 percent of the reach to about 9 percent 2011. However, transportation land use and agricultural
infrastructure bring that total up to about 16 percent in 2011.

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, and also saw associated transportation land use of 2.5 percent
in that total. By 2001, 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 remains by the year 2011 in Reach B2.

Reach B3 also saw growth of land-use conversion into the CMZ, but it more nearly paralleled the growth
B3 had seen in the inundation area, beginning in 1950 at 6 percent of the reach and climbing to occupy
about 34 percent by 2011.
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After this reach, no reach has converted more than 10 percent of the CMZ in the downstream reaches of
Region B. CMZ changes are shown in Figure 2-52.

Figure 2-52 Change in Urban and Exurban land use, 1950-2011 in Region B near Billings,
Montana.

Urban and Exurban Land Use Change in Regions C and D

Urban development falls dramatically after the Billings vicinity. The first community with a population
greater than 1000 is Forsyth, in Region C some 105 miles from the center of Billings. In contrast, two
communities upstream of Billings, Laurel 14 miles west of Billings and Columbus 40 miles west of Billings
had populations greater than 1000 in 2012. To the east and north, after Forsyth, only Miles City (45 valley
miles east of Forsyth), Glendive (57 valley miles northeast of Miles City) and Sidney (36 valley miles
north-northeast of Glendive) have populations exceeding 1,000 (source, Wikipedia, 2012 population
estimates).

Forsyth, MT. Most of the small city of Forsyth is in Reach C10. At the beginning point of the study, 1950,
Forsyth occupied 469 acres of area classified as urban land use within the 100-year floodplain, and zero
acres of exurban expansion land use. By 2011, the urban area had expanded to 623 acres and exurban
land use was at 17 acres. During the period of study, 1950-2011, the change in urban acres was 154
acres, a 33-percent gain, but in terms of the C10 reach, only a small portion. The 2011 figure of 623 acres
is just 14 percent of the 4,432 acres of 100- year floodplain.

Less than 10 percent of the urban land-use area extends into the CMZ. Open non-irrigated agricultural
land use occupied 1013 acres (55 percent) of the CMZ area in 2011, the same percentage as in 1950.
The river channel accounts for 758 acres (41 percent) of the CMZ around Forsyth, leaving only 4 percent
of the acreage in the CMZ in any kind of developed land use in reach C10.

On the other hand, the floodplain acres capture nearly all of the urban development at Forsyth. Only 15
acres of urban development were outside the floodplain in 1950, increasing to 105 acres in 2011. Forsyth
has constructed a levee which protects the urban floodplain acres, so outside of the CMZ, Forsyth has
isolated all of its floodplain.

Miles City, MT. At a 2012 population of 8,569, Miles City is the largest city downstream of Billings on the
Yellowstone River. It is located in reach C17 at the Yellowstone’s confluence with the Tongue River. Miles
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City has two levees, one on the west side of the city to protect the urban area from the Tongue River and
on the north side of the city and Yellowstone River south bank. The levees at Miles City isolate
considerable floodplain acreage [see Technical Appendix 3 Floodplain Connectivity (Hydraulic
Assessment)].

Most of the urban growth in Miles City came before the zero year of the present study, 1950. The amount
of urban land-use conversion in 1950 was 1,042 acres. That number dropped slightly by 1976 to 1,028
acres, but exceeded the 1950 acreage figure by 2001 at 1,075 acres. The figure remained stable in 2011.

There was some exurban growth in reach C17 from 1950 to 2011 but the growth was moderate, from 28
acres in 1950, to 171 acres in 1976, to 272 acres in 2011. To the west of the Tongue River in Reach C16
the same growth pattern obtained. Urban/exurban acreage in 1950 was 183 acres, in 1976 196 acres,
and in 2011 262 acres. To the east of Miles City, Reach C18 begins about a mile from the Miles City
urban boundary. A small amount of exurban growth occurred between 1950 and 1976 (from 3 to 32
acres), but after that only an additional 5 acres of exurban growth occurred through 2011.

For the three reaches around Miles City, open land (non-irrigated agricultural land) in both floodplain and
CMZ was established by 1950 at levels ranging from 47 to 59 percent of reach C16, 17 to 24 percent of
reach C17, and 23 to 34 percent of reach C18, and have stayed consistent in the 61 years to 2011. In all
cases, both floodplain and CMZ there has been some loss of acreage but has averaged about 3 percent.
Figure 2-53 shows the acreage and percentage of reach from 1950 to 2011 for selected reaches
containing urban population.

The two communities having urban or exurban growth in Region C can be clearly seen in Figure 2-53. As
both Forsyth (Reach C10) and Miles City (reaches C16 through C18) have relatively stable populations,
and both have neighborhoods hard against the levees protecting them from the river, it is unlikely that
either growth will occur further into the inundation area or CMZ, or that change will occur to reduce either
community’s footprint in the river environment. No other reach in Region C beyond the four discussed
above has significant amounts of urban or exurban land-use conversion.
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Figure 2-53 Percentage of Urban, Exurban and other Major Land Uses in Region B, 1950-2011.

Glendive, MT. Glendive in Reaches D5 through D7 has considerable acreage inside the CMZ boundary,
although much of it has been isolated by several features complicating the Glendive urban landscape.
These include a railroad bridge at the south end of the city, an interstate highway bridge at the north end
of the city, an additional two highway bridges at the center of the city, and a levee on the west side of the
river connecting to a railroad grade to the west. The bulk of the city center and public buildings are on the
east bank of the Yellowstone which is located on a high terrace adjacent to the river, and well away from
the ice and flooding problems within the CMZ. In recent years, the Federal Emergency Management
Agency has withheld flood insurance certification from the CMZ/floodplain area which has caused several
businesses to close or relocate.

Urban land use has been mapped for 105 acres of CMZ in reach D6, in place at the point in time this
study commences, and in 2011 still has 90 percent of those urban acres. In the inundation area the
picture is more complicated. Reach D5 had no urban land-use conversion in 1950, but had grown to 124
acres by 2011, Reach D6 had 39 acres of urban land-use conversion in 1950, which had grown to 290
acres in 2011. In 1950, there were no exurban acres developed in the floodplain or CMZ in the reaches
around Glendive (D5, D6 and D7). In the CMZ very few acres had been developed into exurban land use
in 2011, from 4 acres upstream in D5 to zero acres in D6 to 21 acres in D7. In the inundation area, these
same three reaches all saw minimal growth of exurban acres from a base of zero in 1950 to no more than
47 acres in any one reach by 2011.

Scattered exurban expansion has occurred downstream of Glendive in the floodplain of reach D8. Small
pieces of exurban development from there downstream to Sidney appear to be associated with small
unincorporated communities like Intake, Savage, and Crane.
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Figure 2-54 Change in Urban and Exurban Land Use, 1950-2011 in selected reaches, Region C.

Sidney, MT. Sidney sits on a plain at a distance from the Yellowstone River, ranging between one and
two miles as the river passes to the east of the urban area. Land-use conversion does show up as
exurban development in the reaches near Sidney (D13 and D14). Most of the development is in reach
D13, where exurban development jumped from zero acres in 1950 to 108 acres in 1976. That acreage
had grown slowly to 122 acres in 2011. Only 0.4 percent of the exurban development is residential, with
rest mapped as industrial, presumably the sugar beet factory and petroleum refinery located at Sidney,
and both dependent on water for processing their products. Exurban development, however, is very small
compared with the floodplain and CMZ acreage of 5,467 in reach D13.

At this writing (2014), the community of Sidney is changing rapidly due to oil and gas development in the
Bakken oil field of Montana and North Dakota. Aimost none of that development had occurred by the end
of the study period, and latest data capture for the area which was the year 2011. Region D urban and
exurban land use is shown in Figure 2-55.

Figure 2-55 Change in Urban and Ex-urban land use, 1950-2011, in selected reaches, Region D.

For smaller communities along the lower river, few acres have been converted to urban land uses. Reach
C5 where the county seat of Treasure County is located (Hysham) and Reach C12, with the town of
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Rosebud located close to the Yellowstone River south bank are good examples of the scale of these
small communities. In reach C5, Hysham represented only 12 acres of urban land use as it is nearly 1.5
miles from the river channel, and barely intersects the floodplain area. The study area buffer mapping
only adds 17 acres to Hysham’s urban footprint, plus 15 acres of exurban development. In reach C12,
Rosebud consisted of 42 acres of urban land use and zero acres of exurban development in the
inundation area in 1950. There was no net change by 2011 as Rosebud represented 40 acres of urban
area and 2 acres of exurban development. The landform (terrace) where Rosebud is located is close
enough to the river that the CMZ extends laterally beyond the floodplain. This adds an additional urban
development of 17 acres to Rosebud’s footprint. Total floodplain acreage in reach C12 in 2011 was 6946,
demonstrating the small impact of urban land-use conversion in the smaller communities on the
Yellowstone and its immediate environment.

24 Transportation Land Use Change

Transportation features do not represent a significant area of land-use conversion in and of themselves.
Where railroad and older two-lane highways are the only transportation features located within the
floodplain, a typical reach will have 10 to 25 acres of transportation land use mapped. That area
represents from 0.5 to 2 percent of a typical reach, and thus does not disturb much native habitat.

Even where the construction of the interstate highway system appears with the 1976 data point, it adds
another 60 to 125 acres of footprint, or up to 5 percent of a reach acreage and those larger numbers are
rare.

Most of the interstate highway system runs on the periphery of the river valley, so many reach boundaries
do not intersect the interstate highway system. For example in Region C, which covers 122 valley miles,
the interstate has acreage within the study area floodplain only in 5 reaches for a total of 215 acres,
barely registering against the total acreage of the entire Region C study area of 147,286.

The railroad impact is much more complicated. First, it follows the river channel as closely as possible,
very different than either the interstate or secondary road systems, as the railroad companies have
endeavored to minimize the grade changes, presumably to reduce construction costs and to minimize
energy use (discussed in White, 2011). The same Region C that has only 5 reaches with interstate
highway grade within the study area inundation area, has only one reach without railroad acreage. And
Region C is further complicated because from reach C10 through the final reach (C21) trackage was
roughly double the 2001 and 2011 totals, as the Milwaukee Road railroad right-of-way was not
abandoned until after the 1976 photography.

Even including the abandoned Milwaukee railroad, the acreage of land conversion was small, but the
totality of the railroad land-use impact includes at least three further effects to the corridor.

1. Much of the railroad grade isolated the floodplain behind it. See the Floodplain Isolation,
Geomorphology, and Riparian technical appendices for details of floodplain isolation extent and
effects on riparian ecological processes.

2. Extensive sections of the railroad grade were accompanied by modifications to the river banks,
such as bank armoring, to preserve the railroad when it is located well within the CMZ (see the
hydrology and the geomorphology technical appendices for more information on these impacts).

3. Finally the railroad grade serves as a barrier to some animal and plant migration movements.
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The relationship among the various ways that the transportation affects the river corridor is further
complicated. For example, a substantial amount of irrigated agricultural land in Regions B, C, and D can
be found behind the protection offered by transportation infrastructure. Analysis of the complicated
relationships among various land uses and their effect on the system can be found in the Appendices on
Hydrology, Floodplain Isolation, Geomorphology, and Terrestrial and Wetland Biology.
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1.0

INTRODUCTION

The following Appendix summarizes the hydrologic data and analyses used in support of the Yellowstone
River Cumulative Effects Assessment (CEA). Much of the information presented here consists of existing
data that have been re-plotted for interpretive purposes, as well as materials retrieved directly from
supporting documents. Flow depletion data have also been re-analyzed to estimate the relative influences
of Yellowtail Dam operations and irrigation land uses on system hydrology. The overall goal is to provide
a general summary of hydrologic trends in the basin that can be used to help interpret results that are
developed in other components of the CEA. The summaries in some cases only present a fraction of the
data available; however the supporting data sources are all publicly available for further investigation. The
primary data sources used include the following:

1.

Yellowstone River Corridor Hydrology Study: Upper Yellowstone River Hydrology
(USACE, 2011). United States Army Corps of Engineers (2011). This report includes hydrologic
data developed for historic, unregulated, and regulated flow conditions on the Yellowstone River
upstream of Billings Montana. The report includes discharge probabilities, volume probabilities,
and flow duration relationships for the upper river.

Streamflow Statistics for Unrequlated and Requlated Conditions for Selected Locations on
the Yellowstone, Tonque, and Powder Rivers, Montana, 1928-2002 (Chase, 2013). This
report provides streamflow statistics such as flow frequency and flow duration data calculated for
unregulated and regulated streamflow conditions for selected gaging stations on the Tongue and
Powder Rivers and for the Yellowstone River downstream from Billings, Montana. Statistics also
were also interpolated between gaging stations on a reach scale.

Streamflow Statistics for Unregulated and Requlated Conditions for Selected Locations on
the Upper Yellowstone and Bighorn Rivers, Montana and Wyoming, 1928-2002 (Chase,
2014). The 2014 report was developed to supplement the USACE (2011) and the Chase (2013)
reports by presenting low flow frequency data as well as monthly and annual streamflow
characteristics for the Bighorn River and for four streamflow gaging stations upstream from the
mouth of the Bighorn River. The low flow frequency data were interpolated at a reach scale.

Yellowstone Corridor Study, Lower Bighorn River Hydrology (USACE, 2011): The 2011
Bighorn River Hydrology Report includes hydrologic data developed for regulated and
unregulated flow conditions on the lower Bighorn River.

Yellowstone River Hydrograph Trends, Water Rights, and Usage (Watson, 2014). Trevor
Watson’s Master’s thesis was completed in June 2014 at the University of Idaho. The thesis
includes evaluations of the volume and timing of discharge in the Yellowstone River and its
tributaries for long term (1898-2007) and more recent trends (1970-2007). Additionally, Watson
(2014) conducted a physical inventory of surface water withdrawals and assessed water
management needs based on the hydrologic analysis.

Impacts of Climate Change on Auqust Stream Discharge in the Central-Rocky Mountains
(Leppi et al., 2012). This paper describes the results of an analysis of mean August discharge at
153 stream throughout the central Rocky Mountains of North America for changes in discharge
from 1950-2008.

Indicators of Hydrologic Alterations (The Nature Conservancy, 2009). The Index of
Hydrologic Alterations (IHA) is a software program designed specifically to evaluate the impacts
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of human activities on flow regimes. The software is commonly used to evaluate the impact of
dams on river hydrology. This tool was used herein to evaluate Yellowstone River and Bighorn
River gage records to allow further consideration of the impacts of Yellowtail Dam on Yellowstone
River hydrology.

8. Estimated Water Use in Montana in 2000 (Cannon and Johnson, 2004). This Scientific
Investigation Report summarizes the quantities of water withdrawn and consumed across the
state of Montana in 2000. Withdrawals are summarized for irrigation, public supply, self-supplied
domestic, self-supplied industrial, thermoelectric power generation, and livestock.

9. Tree-Ring Reconstructions Depicting Streamflow and Drought History for the Bighorn
Basin, Wyoming (Swindell, 2011). In his Master’s Thesis, Bryan Swindell used tree-ring data to
reconstruct streamflow records or six gages in the Bighorn River Basin. The reconstructions are
between 500 and 800 years long, and calibration models between the tree-ring data and the
available gage record explain up to 60 percent of the variation in gaged streamflow.

1.1 Major Findings in Support of Cumulative Effects Analysis
The primary findings of the hydrologic analysis that may support multiple aspects of the CEA include the
following:

1. A comparison of unregulated (undeveloped) and regulated (developed) flows shows the following:

o The most pronounced shifts in hydrology are downstream of the mouth of the Bighorn
River, indicating that Bighorn River flow alterations have exerted a major influence on the
hydrology of the lower Yellowstone River.

o Upstream of the Bighorn River confluence, changes in hydrology are less pronounced yet
still potentially important with respect to river process.

o At both the Billings and Forsyth stream gages, mean monthly flows have increased from
October to February and decreased during the months of April through September. From
both a magnitude and percent change perspective, the Forsyth gage, which is
downstream of the mouth of the Bighorn River, shows a larger response (Section 2.2). At
Forsyth, May-June mean monthly flows have dropped approximately 30 percent, which
has a strong potential influence on channel form.

o Peak flows have decreased for the 2-, 10- and 100-year floods, with the observed
reduction beginning upstream of Billings and increasing in the downstream direction
(Section 2.3).

o The magnitude of the 2-year flood has dropped by approximately 23 percent downstream
of the mouth of the Bighorn River (Section 2.3).

o For the 1-percent exceedance probability event (100-year discharge), peak discharge
has dropped by approximately 20,000 cfs below the mouth of the Bighorn River, a 16-
percent reduction in total flow (Section 2.3).

o Powder River inputs appear to partially mitigate the upstream reductions in annual peak
discharge (Section 2.3).
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o Flow-duration data show a 25-percent reduction in channel forming flows downstream of
the Bighorn River (Section 2.4). The estimated number of days that historic channel
forming flows persisted dropped from about 2'2 weeks per year under undeveloped
conditions, to less than a week for developed conditions.

o Although flow duration data indicate that base flows during the fall and winter have
increased up to 60 percent downstream of the Bighorn River confluence, gage records
indicate that since 2000, winter releases from Yellowtail Dam have dropped.

o Spring and summer baseflows have been reduced by over 20 percent under regulated
conditions (Section 2.4).

o The lowest flows experienced in the summertime (Summer 7Q10) have dropped
throughout the system, and the relative reduction of those flows increases in the
downstream direction (Section 2.5). These low flows have dropped by approximately
1,000 cfs (30 percent) at Billings and 1,800cfs (40 percent) at Miles City.

2. Previously published literature (Leppi and others, 2012), show reduced late August streamflow
associated with climatic trends (Section 3.1). Low-flow analysis from a largely pristine gage at the
Yellowstone Lake outlet indicates low August flows are associated with increased air temperature
(Section 3.1).

3. The results of an “Indicators of Hydrologic Alteration” assessment (TNC, 2009) indicate the
following:

o Flow management at Yellowtail Dam on the Bighorn River has resulted in a reduction of
flood magnitudes on the Yellowstone River below the Bighorn confluence (Section 3.2.1).

o The impacts of Yellowtail Dam on low flows are substantially less on the Yellowstone
relative to the Bighorn River (Section 3.2.1).

o Yellowtail Dam release patterns have “dampened” the hydrograph on the Yellowstone
River by reducing daily rates of discharge rise and fall (Section 3.2.1).

o Winter flow releases have continuously dropped since the dam was constructed; since
2000, median December flows at St Xavier have been about 1200 cfs lower than those of
the 1968-1999 timeframe. This change in winter flow release volumes at the dam is
discernable on the Yellowstone River at the Miles City gage.

4. An evaluation of gaging records at Sidney indicate that hydrologic alterations on the Yellowstone
River include both a reduction in peak spring runoff magnitudes, and a dampening of the early
spring pulse runoff which tends to occur in late March to early April. The majority of this change in
the lower river appears to be due to reduced early spring pulse flows from the Powder River.

5. Previously published estimates of water use (USGS, 2004) indicate that irrigation is the dominant
water use in the basin, although the water use for cooling as part of thermoelectric power
generation is the most substantial in the state of Montana.

6. 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
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percent of the increase in low flows is estimated to be due to Yellowtail Dam operations, whereas
the period of most strongly reduced flows (May to July) shows a much stronger influence of
irrigation on streamflow patterns. Based on the estimates, the primary influence on flow
reductions in August and September is irrigation.

7. Tree-ring analyses of the basin show that the 20" century was a wet period relative to the several
centuries prior, and droughts have historically been substantially longer and more intense than
those recently experienced in the basin.
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2.0 COMPARISON OF “REGULATED AND “UNREGULATED”
CONDITIONS

The methodologies used in the USGS and USACE hydrologic analyses are described in detail in the
original reports (USACE 2011; Chase, 2013 and, 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:

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

e Regqulated: 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, Unrequlated flows can be considered to represent
an undeveloped condition, whereas Requlated flows reflect the modern developed condition.

This Appendix presents only a portion of the flow statistics developed for the regulated and unregulated
hydrology of the Yellowstone River. The statistics used include peak discharges, seasonal flow duration,
and low flow conditions. The intent is to provide a synopsis of the primary results of the analyses, and to
help establish a series of hydrologic reference points for use by other disciplines in the evaluation of
human impacts in the Yellowstone River corridor. The approach used is to directly compare the
unregulated and regulated flow statistics to determine the influence of human activities on river hydrology.
For this effort, the influences are not specifically identified; it is impossible, for example, to accurately
quantify impacts of irrigation versus municipal and/or industrial water use.

These regulated/unregulated flow statistics were used by the Corps of Engineers in subsequent hydraulic
modeling efforts to evaluate the influence of hydrologic change on floodplain access in the river corridor.
That analysis is described in Appendix 3: Floodplain Connectivity (Hydraulic Assessment).

2.1 Unregulated/Regulated Flow Statistic Interpolation

The regulated/unregulated datasets were developed for gaging stations and then interpolated to a reach
scale using drainage areas as the interpolation factor (USACE, 2011; Chase, 2013 and 2014). Because
of abrupt changes in drainage area at major confluences, some of the interpolated trends show abrupt
shifts in parameters at those confluences. These shifts may reflect more of a drainage area influence than
actual hydrologic change; shifts at confluences should thus be considered approximate where
interpolated.

The interpolation issue is described by Chase (2014):

To be consistent with Chase (2013), streamflow statistics for ungaged reaches were linearly
interpolated on the basis of approximate drainage area at the downstream end of each ungaged
reach relative to the drainage areas of the bracketing streamflow-gaging stations. In many cases,
such as downstream from a relatively large tributary, changes in streamflow statistics between
different locations on a river channel do not vary linearly with proportional changes in drainage
area. Therefore, the interpolated statistics for reaches A18 and B1, [Clarks Fork Yellowstone
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River confluence to streamflow-gaging station 06214500 (Yellowstone River at Billings, Mont.)]
and C1 through C9 [Bighorn River confluence to streamflow-gaging station 06295000
(Yellowstone River at Forsyth, Mont.)], might not be as representative of actual conditions as for
the rest of the reaches.

Because of the limitations of interpolation, it is critical to note that the data presented are most
accurate at gage stations, and that intermediated interpolated values should be considered

approximate.

2.2 Mean Monthly Flows: Unregulated and Regulation Conditions

As the depletion data used to develop the unregulated condition dataset are monthly averages,
comparison of the mean annual hydrographs for each condition can only be done on a monthly basis.
The data do not support analysis on a daily basis. To show the overall temporal changes in mean monthly
flows, results from the streamflow gage stations at Billings and Forsyth were summarized (Figure 2-1
through Figure 2-4). At both gages the coarse shape of the hydrograph is maintained under developed
(regulated conditions), however at both gages, the mean monthly flows have decreased during the
months of April through September, and increased from October to February. From both a magnitude and
percent change perspective, the Forsyth gage, which is downstream of the mouth of the Bighorn River
shows a larger response (Figure 2-3 and Figure 2-4). Mean monthly flows during spring runoff have
dropped by about 30 percent at Forsyth, indicating a substantial change in river condition due to human
activities below the mouth of the Bighorn River.

Figure 2-1 Mean monthly flows under Unregulated and Regulated Conditions, Yellowstone
River at Billings (USGS 06214500).
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Figure 2-2 Mean monthly flows under Unregulated and Regulated Conditions, Yellowstone
River at Forsyth (USGS 06295000).

Figure 2-3 Total change in mean monthly discharge from Unregulated to Regulated
Conditions, Billings and Forsyth.
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Figure 2-4 Percent change in mean monthly discharge from Unregulated to Regulated
conditions, Billings and Forsyth.

2.3 Peak Flows: Unregulated and Regulation Conditions

The hydrologic data developed for flood frequencies under regulated and unregulated conditions were
compared to quantify the change in those discharges with human influences and to display those results
spatially. The flood frequencies evaluated include the 1, 10, 20, and 50 percent annual probability
discharges. These events are commonly referred to as the 100-, 10-, 5- and 2-year floods, respectively.

Figure 2-5 through Figure 2-8 show the regulated and unregulated discharges plotted by River Mile for
the 50-, 20-, 10- and 1-percent exceedance probability flood events. The results show that for the 50-
percent exceedance probability (commonly referred to as the 2-year flood) begin to show divergence
around the mouth of the Clarks Fork River (Figure 2-5). The divergence increases gradually to the mouth
of the Bighorn River, where there is another abrupt change in the flood magnitudes. The 20- and 10-
percent exceedance probability event (5- and 10-year flood) shows a similar pattern (Figure 2-7). For the
1-percent exceedance probability event (100-year flood), the change is most pronounced between the
mouth of the Bighorn River and Glendive.

The percent change in flood magnitudes under regulated and unregulated conditions is shown in Figure
2-9. For each of the flood events, the shift from unregulated to regulated condition results in a reduced
flood magnitude and the impact increases in the downstream direction. The relative impact increases for
the more frequent flows (e.g., 2- and 5-year). The most significant reduction in flood discharges occurs
downstream of the mouth of the Bighorn River, although a notable change also occurs between the
Livingston and Billings gages.

Below the Powder River confluence, the difference between unregulated and regulated flow statistics is
less than that of the reach just upstream. This suggests that for the regulated flow condition, the net effect
of regulation decreases as the distance downstream from the Bighorn increases, and that Powder River
inputs contribute to that trend.
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Figure 2-5 Unregulated and Regulated 50-percent exceedance probability discharge plotted
by River Mile. Note that values between gaging stations were interpolated on the
basis of drainage area and might not be as representative of flow conditions as the
values calculated at the gaging stations, especially for locations downstream from
larger tributaries such as the Clarks Fork, Bighorn, Tongue, and Powder. See
Chase (2013 and 2014) for more information.

Figure 2-6 Unregulated and Regulated 20-percent exceedance probability discharge plotted
by River Mile.
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Figure 2-7 Unregulated and Regulated 10-percent exceedance probability discharge plotted
by River Mile.

Figure 2-8 Unregulated and Regulated 1-percent exceedance probability discharge plotted by
River Mile.
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Figure 2-9 Percent change in 1, 10, 20, and 50 percent annual exceedance probability
discharge, regulated and unregulated conditions.

Figure 2-10 through Figure 2-13 show the changes in flow magnitudes for each CEA study reach for the
50-, 20-, 10- and 1-percent exceedance probability events respectively. The plots both show the primary
impact of the Clarks Fork and Bighorn River on flow alterations in the stream corridor. At the 2- and 5-
year floods (50- and 20-percent exceedance), flows have been reduced by about 6,000 cfs between the
mouths of the Clarks Fork and Bighorn Rivers, and by about 16,000 cfs between the mouths of the
Bighorn and Tongue Rivers. Flows drop by almost 20,000 cfs below the mouth of the Bighorn River for
the 100-year flood (1-percent exceedance). During larger flood events, the deviations in flow between
developed and undeveloped conditions become smaller below the mouth of the Powder River (Region D).

The reductions in flow for the 2-, 5- and 10-year floods below the mouth of the Clarks Fork River, is on the
order of 4,000 to 6,000 cfs, which is a 7 to 10 percent drop. That is a notable change since the Clarks
Fork does not have any single major feature such as a flood control reservoir to drive such a reduction.
Therefore, the flow reductions at the mouth of the Clarks Fork represent multiple spatial influences such
as small storage structures such as stock ponds as well as net loss due to irrigation.

2-7 June 2015
Technical Appendix 2: Hydrology



Yellowstone River Cumulative Effects Assessment USACE Omaha District
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Figure 2-10 Change in flow volume for the 50-percent exceedance flow plotted by reach (reach
values interpolated by drainage area).
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Figure 2-11 Change in flow volume for the 20-percent exceedance flow plotted by reach (reach
values interpolated by drainage area).
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Figure 2-12 Change in flow volume for the 10-percent exceedance flow plotted by reach (reach
values interpolated by drainage area).

Figure 2-13 Change in flow volume for the 1-percent exceedance flow plotted by reach (reach
values interpolated by drainage area).

2.4 Flow Duration: Unregulated and Regulated Conditions

The flow-duration computations provided by the USGS (2013 and 2014) and USACE for regulated and
unregulated conditions have been summarized here to depict spatial trends in the data. The two flow
duration conditions evaluated include the 95-percent duration, or the flow that is equaled or exceeded 95
percent of the time, and the 5-percent flow duration. The 95-percent duration flows were extracted to
represent low flow conditions. The 5-percent duration flow is equaled or exceeded approximately 2%2
weeks per year (18 days). For the Northern Rocky Mountain Region, the 3-percent duration flow has
been shown to approximate the “channel-forming discharge”, or that flow that is largely responsible for
developing and maintaining overall channel capacity and form (Andrews and Nankervis, 1995). For this
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effort, there were no data available for the 3-percent flow duration, so the 5-percent data were utilized to
demonstrate potential impacts of human influences on the approximate channel-forming flow.

The flow-duration statistics are available for gaging station locations above Forsyth, and have been
interpolated to a reach scale downstream of Forsyth. The data have not been interpolated above
Forsyth, so influences of major confluences such as the Bighorn River on flow duration are not
explicitly described by the dataset.

2.41 Annual Flow Duration: Unregulated and Regulation Conditions

The annual flow duration data show that the divergence between the regulated and unregulated flow
conditions increases in the downstream direction, with some divergence perceptible at Billings, and major
divergence downstream of the Bighorn River confluence (Figure 2-14 through Figure 2-16). The 95-
percent duration discharges (low flows) have increased by approximately 500 cfs or 30 percent below the
Bighorn River (Figure 2-14). In contrast, the higher 5-percent duration flows (channel forming flows) have
decreased by approximately 10,000 cfs or 25 percent below the Bighorn River (Figure 2-15). This further
indicates that Bighorn River flow alterations have influenced the hydrology of the Yellowstone River by
reducing high flows and increasing low flows downstream of the confluence at ~RM 300.

Figure 2-14 Total change in annual 95-percent duration flows for regulated and unregulated
conditions.

Figure 2-15 Total change in annual 5-percent duration flows for regulated and unregulated
conditions.
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Figure 2-16 Percent change in flows equaled or exceeded 5 and 95 percent of the time on an
annual basis

2.4.2 Channel Forming Discharge

The annual 5-percent duration flow, which represents that flow that is equaled or exceeded on the order
of 18 days per year, typically represents spring runoff in snowmelt-driven systems. In many cases this
flow statistic can be coarsely approximated as the “channel-forming discharge”, which is that flow that is
largely responsible for overall channel form. Figure 2-17 shows a comparison of the number of days that
the unregulated 5-percent duration flow is exceeded under both regulated and unregulated conditions.
Whereas under unregulated, undeveloped conditions the flow was equaled or exceeded 18.25 days per
year by definition, that same flow has a much shorter duration under regulated conditions. Downstream of
the Bighorn Confluence, the historic flow condition that lasted for 18 days per year now persists for less
than a week, as demonstrated at Forsyth, the Powder River confluence, and Sidney (Figure 2-17). This
indicates that the channel forming discharge downstream of the Bighorn River confluence is substantially
less under regulated conditions. Such a reduction in channel forming flow will result in a response in
channel morphology, including reduced floodplain connectivity and reduction in bankfull channel area.

Figure 2-17 Number of days the unregulated 5-percent duration flow is equaled or exceeded at
selected sites under unregulated and regulated flow scenarios.

2.4.3 Seasonal Flow Duration: Unregulated and Regulation Conditions
The annual flow-duration data (Section 2.4.1) show that, in general, the conversion from unregulated
(undeveloped) to regulated (developed) flow conditions on the Yellowstone River includes a decrease in
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high flows and increase in low flows downstream of the mouth of the Bighorn River. These shifts are on
an annual basis. The USGS work (Chase, 2013 and 2014) also compiled data on a seasonal basis. To
estimate the impacts of human development on seasonal flows, the flow duration data were compiled to
describe seasonal low flows (95-percent duration discharge) and seasonal moderately high flows (5-
percent duration discharge).

2.4.3.1 Low-flow Conditions: Seasonal 95-percent Flow Duration

Summary plots showing the differences in seasonal low flow between unregulated and regulated
conditions are shown in Figure 2-18 through Figure 2-24. The results indicate that spring (April-June) and
summer (July-September) low flows have dropped under regulated conditions, especially below the
Bighorn River confluence. 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. Fall (October-
December) and winter (January to March) low flows have increased, and these increases during periods
of typically low flow have resulted in an overall increase in annual low flow duration (Figure 2-22). There
is evidence, however, that over the past decade or so, flow operations at Yellowtail Dam have included a
decrease in winter flow releases (see Section 3.2.1).

Figure 2-18 Regulated and unregulated spring (April-June) low flow discharges.

Figure 2-19 Regulated and unregulated summer (July-September) low flow discharges.
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Figure 2-20 Regulated and unregulated fall (October-December) low flow discharges.

Figure 2-21 Regulated and unregulated winter (January-March) low flow discharges.

Figure 2-22 Percent change from seasonal unregulated to regulated low flows.

2-13 June 2015
Technical Appendix 2: Hydrology



Yellowstone River Cumulative Effects Assessment USACE Omaha District

Figure 2-23 Bar chart showing percent change in seasonal low flows from unregulated to
regulated flow conditions by region.

Figure 2-24 Seasonal shifts in 95-percent duration discharges for selected locations on
Yellowstone River.

2.4.3.2 Seasonal 5-percent Flow Duration

Summary plots showing the seasonal differences in the 5-percent duration discharge between
unregulated and regulated conditions are shown in Figure 2-25 through Figure 2-29. The seasonal 5-
percent duration flow is that discharge which is equaled or exceeded approximately five days per three
month season, and thus reflects seasonal high flows. The results indicate that seasonal shifts in the 5-
percent seasonal flow duration include a substantial reduction in spring and summer flows and a minor
increase in fall and winter flows. Spring and summer flows have dropped more than 10,000 cfs
downstream of the Bighorn River confluence, which is about 20 percent of the total unregulated 5-percent
duration flow.
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Figure 2-25 Regulated and unregulated spring 5-percent duration flows.

Figure 2-26 Regulated and unregulated summer 5% duration flows

Figure 2-27 Regulated and unregulated fall 5-percent duration flows
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Figure 2-28 Regulated and unregulated winter 5-percent duration flows.

Figure 2-29 Percent change from seasonal unregulated to regulated 5-percent duration flows.

2.5 Low Flows: 7Q10

Low-flow statistics for regulated and unregulated conditions were developed by the USGS for all reaches
between Gardiner and Sidney (Chase, 2013 and 2014). These data were selectively summarized to
display the results for annual and seasonal 7Q10, which is the lowest 7-day average flow that has a 10-
percent chance of occurring in any given year. In 1986, the EPA recommended the use of this statistic for
water quality standards and toxic waste-load allocation studies related to chronic effects on aquatic life
(www.water.epa.gov).

When viewed on an annual basis, a comparison of the regulated and unregulated flow conditions
indicates that the annual 7Q10 values have increased downstream of the Clarks Fork river, with a marked
increase downstream of the Bighorn River confluence. Below the confluence, the 7Q10 has more than
doubled under regulated conditions (Figure 2-30).

Although the annual data show an increase in this value, the seasonal data indicate that whereas the
7Q10 for both fall and winter have increased, the values have substantially decreased during both spring
and summer. Below the Bighorn River confluence near Forsyth, the 7Q10 has dropped from
approximately 4,700 to 3,000 cfs in the summer, which is a drop of over 30 percent (Figure 2-31 and
Figure 2-32). The drop in summer 7Q10 begins much further upstream, indicating that that water uses not
associated with Yellowtail Dam operations affect the lowest flow condition. At the Billings gage, for
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example, the 7Q10 has dropped by approximately 1,000 cfs, or 30 percent. This hydrologic change may
significantly affect water quality and fisheries habitat conditions on the river during periods of low flow.

Figure 2-30 and Figure 2-31 show that 7Q10 values drop in the downstream direction below Miles City,
and this trend is evident under both unregulated and regulated conditions. This indicates that under
extreme low-flow conditions, natural losses exceed inputs in the lower river. From Miles City to Sidney, a
distance of 161 miles, the average loss of summertime 7Q10 flows in the downstream direction is about
7cfs per mile. One striking aspect of this trend is that under regulated conditions, the annual 7Q10 at
Sidney is similar to that at Gardiner, which is over 500 miles upstream.

Figure 2-30 Annual 7Q10 discharge for regulated and unregulated conditions.

Figure 2-31 Summer 7Q10 for regulated and unregulated conditions.
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Figure 2-32 Percent change in 7Q10 from unregulated to regulated conditions.
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3.0 CHANGING FLOW PATTERNS OBSERVED IN GAGE RECORDS

Available information related to the empirical evaluation of gage records is described below.

3.1 Baseflow Conditions: August Discharge Trends Since 1950
Leppi and others (2012) evaluated mean August discharge values for 153 streams throughout the Central
Rocky Mountains and concluded the following:

1. Mean August stream discharges have decreased over the last half-century;
2. Low discharge values are occurring more frequently; and,
3. Climatic variables are influencing August discharge trends.

Figure 3-1 shows the broad conclusions of the work by Leppi and others (2012). Almost all of the sites in
the Yellowstone basin show trends of decreasing August flows over their periods of record. Leppi
selected “pristine” sites to remove confounding influences of water use such as irrigation and municipal
depletions. On the Yellowstone, the site analyzed was the Yellowstone River at Yellowstone Lake Outlet
(USGS 06186500).

Using the Yellowstone River at Yellowstone Lake outlet gaging station (USGS 06186500) as a pristine
condition example, Leppi and others (2012) concluded that August discharges have dropped 25.4 percent
over the period of record analyzed (1950-2008). The site was also characterized by an increase in
December-July air temperatures. The decreasing trends in discharge are not limited to just August; similar
trends in reduced flow can be seen from July-September (Figure 3-2).

With their analysis for gage records throughout the North Central Rockies, Leppi and others (2012)
concluded that non-regulated watersheds of the Central Rocky Mountains including the Upper
Yellowstone River watershed have experienced significant declines in stream discharge over the last 50
years.

3-1 June 2015
Technical Appendix 2: Hydrology



Yellowstone River Cumulative Effects Assessment USACE Omaha District

Figure 3-1 Amount and type of normalized discharge change per analyzed flow record as
presented by Leppi et al. (2012). Red arrows signify decreasing flows and blue
arrows signify increases. Yellowstone basin sites are circled.
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Figure 3-2 Mean monthly flow trends at Yellowstone Lake Outlet (Leppi et.al., 2012, Figure 6).

3.2 Hydrographic Trends Analysis: Watson (2014)

Watson (2014) evaluated hydrographic trends on the Yellowstone River and its tributaries, and concluded
that declines in the volume and magnitude of flows have occurred, most significantly in areas where there
are no water storage facilities. He also concluded that there is less water available late in the irrigation
season because high flows are being delivered to the mainstem earlier in the year. As a result there is an
earlier seasonal return to baseflow in the system.

The hydrologic analysis completed by Watson (2014) indicated that the declining flows in the Yellowstone
River Basin extend from the headwaters of the river to the mouth. Watson describes potential implications
for water users including difficult water allocation decisions, as well as increasing demands persisting into
the fall due to earlier runoff patterns.

Watson concluded the following:

1. There is strong evidence of decreasing annual flow, decreasing annual minimum discharge,
decreasing peak discharge, and earlier return of baseflow conditions throughout the Yellowstone
River basin;

2. There is evidence of more runoff occurring in winter months and less in spring and summer; and,
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3. There is some evidence of earlier peak discharge although most trends are not statistically
significant.

4. Watson's results support those presented in earlier sections, and emphasize that the hydrological
trends are regional in nature.

3.2.1 Impacts of Yellowtail Dam: Indicators of Hydrologic Alteration (IHA) Analysis

To estimate the impacts of Yellowtail Dam on Yellowstone River Hydrology, the USGS gage records at
St. Xavier (USGS 06287000), Glendive (USGS 06327500), Miles City (USGS 0609000), and Billings
(USGS 06214500) were analyzed using the Indicators of Hydrologic Alteration software developed by the
Nature Conservancy (TNC, 2009). The gage records were analyzed for pre- and post- 1967 conditions, to
depict the timeframes before and after completion of Yellowtail Dam on the Bighorn River. The Billings
gage was evaluated to help shed light on trends that are evident upstream of the influences of Yellowtail
Dam. The St. Xavier gage is on the Bighorn River and provides an opportunity to determine IHAs in a
highly impacted area just below Yellowtail Dam.

3.2.2 Potential Impacts of Boysen and Buffalo Bill Reservoirs

It is important to note that there are two additional large reservoirs in the Bighorn River watershed, both of
which are located upstream of Yellowtail Dam in Wyoming. 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. It has a design controlled storage capacity of 802,000 acre-feet of water
(www.usbr.gov). 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 flows by 1910.
These impacts cannot be ascertained due to the lack of pre-1910 gage data. Boysen Reservoir was
completed in 1952 and as such its impacts may be reflected in the flow records.

June High Flow
In order to roughly assess the impact of Yellowtail Dam on seasonal high flows, the data were evaluated
for pre- and post- dam conditions during the month of June. Figure 3-3 shows that at Billings, monthly
flows in June show little change across the flow record. On the Bighorn River at St Xavier, however, post-
dam June flows are markedly lower than the pre-dam condition (Figure 3-4). There also appears to be
some impact a shift in June flows in the early 1950s, which may reflect the completion of Boysen Dam on
the Wind River. The Miles City and Glendive gages show reductions in the median value of approximately
10,000 cfs from pre- to post- dam conditions (Figure 3-5 and Figure 3-6). The results indicate that the
reduced June discharges observed at St. Xavier during the month of June do translate down the
Yellowstone River.
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Figure 3-3 Pre- and post- Yellowtail monthly June flows, Billings; median values shown as
dotted line.
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Figure 3-4 Pre- and post- Yellowtail monthly June flows on the Bighorn River at St Xavier;
median values shown as dotted line.
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Figure 3-5 Pre- and post- Yellowtail monthly June flows, Miles City; median values shown as
dotted line.
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Figure 3-6 Pre- and post- Yellowtail monthly June flows, Glendive; median values shown as
dotted line.

3.2.4 Rising and Falling Limb

Another aspect of hydrologic modifications by dams is the rate of change in flows during the rising and
falling limbs of a hydrograph. IHA allows the computation of “rise rates” and “fall rates” to depict these
rates of change. Figure 3-7 and Figure 3-8 show that the rise and fall rates on the Bighorn River at St.
Xavier have been markedly affected by the dam; rise and fall rates have both been reduced, indicating a
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substantial “dampening” of the natural hydrograph. Figure 3-9 and Figure 3-10 show the same data for
the Yellowstone River at Miles City. The results indicate that the impact on rise rates and fall rates at
Yellowtail Dam are transmitted downstream at least as far as Miles City, although the impact is markedly

lower than on the Bighorn River itself.
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Figure 3-7
shown as dotted line.

Pre- and Post- Yellowtail Dam rise rates, Bighorn River at St. Xavier; median values
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Figure 3-8
shown as dotted line.

Pre- and Post- Yellowtail Dam fall rates, Bighorn River at St. Xavier; median values
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Figure 3-9 Pre- and Post- Yellowtail Dam rise rates, Yellowstone River at Miles City; median
values shown as dotted line.
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Figure 3-10 Pre- and Post- Yellowtail Dam fall rates, Yellowstone River at Miles City; median
values shown as dotted line.

3.3 Impacts of Yellowtail Dam: Median Daily Flow Hydrographs

In order to further characterize the impacts of Yellowtail Dam on the hydrology of the lower Yellowstone
River, daily flow records for the USGS gaging station at Miles City (USGS 06329500) and Sidney (USGS
06329500) were summarized in terms of pre- and post- dam annual hydrographs. The 1921-2013 flow
record was divided into pre- and post- 1967 datasets and the median flow was calculated for each day of
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the year within each dataset. The median daily flow is that which was exceeded on one-half of the days in
the record (also known as the 50t percentile value). Median flows were used instead of mean daily flows
to prevent the numbers from being overly influence by extreme events. The results show that the post-
dam hydrograph exhibits dampened flows during June/July relative to the pre-dam condition (Figure 3-11
and Figure 3-12). Winter flows show increases at both sites. Thus, the hydrographs support the
unregulated/regulated flow comparison results in that mean spring runoff events have been reduced by

about 10,000 cfs at each gage, which is similar to the unregulated/regulated change in the 2-year peak
discharge.

The annual hydrographs also capture impacts to the early spring pulse in late March and early April. The
Miles City gage shows that with increased overall winter flows, the spring pulse in late March has become
less defined. The Sidney gage shows the early spring pulse starting somewhat earlier, typically in mid-
February. The discrepancy between the two suites of data are at least in part to changes on the Powder
River, where hydrographs constructed for the same timeframes show a distinctly earlier spring pulse
since the 1960s (Figure 3-13). A plot of the total change in mean daily flow between pre- and post- dam
conditions for the Miles City and Sidney gages is shown in Figure 3-14.

Median Daily Flow Annual Hydrographs
Pre- and Post- Yellowtail Dam
USGS # 06309000 Yellowstone River at Miles City MT

= _ g -
50,000 1921-1967 Pre-Yellowtail Dam
M 1968-2014 Post-Yellowtail Dam
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w
o
o
=}
[}

1-Jan 1-Feb  1-Mar 1-Apr 1-May 1-Jun 1-Jul 1-Aug 1-Sep 1-Oct 1-Nov 1-Dec
Day of Year

Figure 3-11 Median daily flow annual hydrographs for pre- and post- Yellowtail Dam
conditions, Yellowstone River at Miles City MT.
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Median Daily Flow Annual Hydrographs
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Figure 3-12 Median daily flow annual hydrographs for pre- and post- Yellowtail Dam
conditions, Yellowstone River near Sidney MT.
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Figure 3-13 Median daily flow annual hydrographs for pre- and post- Yellowtail Dam
conditions, Powder River near Locate, MT.
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Change in Median Daily Discharge-- Miles Clty and Sidney
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Figure 3-14 Pre- and Post- Yellowtail Dam change in median daily discharge on Yellowstone
River at Miles City and Sidney.

3.4 Impacts of Yellowtail Dam: Recent Changes in Winter Flow Releases
Although the comparison of regulated and unregulated flows indicates that in general, winter low flows
have increased on the Yellowstone River below the Bighorn River confluence (Section 2.4.3), this general
trend has been reduced in recent years due to an apparent change in flow management strategies at
Yellowtail Dam. Using the IHA program to compare mean December discharges on the Bighorn and
Yellowstone Rivers since the dam was constructed shows that since about 2000, there has been an
overall reduction in winter flow releases from Yellowtail Dam as measured at St Xavier (Figure 3-15). This
trend is also seen on the Yellowstone River at Miles City (Figure 3-16).
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Figure 3-15 Monthly flows measured on Bighorn River at St Xavier showing trend towards
reduced December flow rates since dam construction (1968); median post-2000
releases are ~1200 cfs less than pre-2000 releases (dotted line).

Figure 3-16 Mean December discharge on Yellowstone River at Miles City showing trend
towards reduced December flow rates since 2000; median values shown as dotted
line.
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4.0 WATER USE

With regard to cumulative effects, it is important to consider the overall sources of hydrologic impacts in
the basin. The following summary is intended to provide an overview of relative water use in the basin.
These uses are based on available data that summarize total and consumptive water withdrawals during
the year 2000 (Cannon and Johnson, 2004) (Figure 4-1). The data are summarized by both county and
drainage basin. Although there has been increasing amounts of oil and gas development in the basin
over the past decade, the 2000 data will not capture any of the increased post-2000 water use in support
of the oil and gas industry. The Draft Montana State Water Plan indicates a potential state-wide water use
of 3,500 acre-feet per year for oil production stimulation (DNRC, 2013).

41 Water Use by County

Table 4-1 lists the estimated water withdrawals summarized for the year 2000 for Montana counties in the
Yellowstone River Basin (Cannon and Johnson, 2004). The estimates show irrigation constituted 95
percent of the total water use in 2000. The counties with the largest amount of total water use include
Yellowstone and Carbon Counties (Figure 4-2).
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Table 4-1
Estimated water withdrawals for selected Montana counties in Yellowstone River Basin, 2000 (Cannon and Johnson, 2004).

Withdrawals by Category, Mgal/d, million gallons per day

Public Suspi:lfi-ed Self-Supplied Thermoelectric Total Total
Irrigation Supply Domestic Industrial Power Generation Livestock (Mgal/Day) (aflyr)
Bighorn 253 1.1 0.5 0.0 0.0 1.5 255.7 287,170
Carbon 581 14 0.4 0.1 0.0 0.9 583.4 655,240
Custer 88 1.5 0.2 0.0 0.0 1.2 91.1 102,280
Dawson 77 22 0.2 0.1 0.0 0.7 80.3 90,220
McKenzie ND 12 0.3 0.2 0 0 0 12.5 14,020
Park 352 22 0.5 0.0 0.0 0.7 355.7 399,560
Prairie 57 0.0 0.1 0.0 0.0 0.5 57.4 64,510
Richland 376 1.2 0.3 0.8 31.7 0.9 410.8 461,430
Rosebud 159 1.5 0.0 0.1 256 1.3 187.9 211,050
Stillwater 192 0.6 0.4 0.0 0.0 0.9 194.2 218,090
Sweet Grass 323 0.3 0.1 0.0 0.0 0.8 3241 364,020
Treasure 108 0.2 0.0 0.0 0.0 0.5 108.3 121,590
Yellowstone 447 23.0 1.4 9.9 52.7 1.8 535.2 601,110
Total 3024 35.5 4.3 11.0 110.0 11.4 3196.5 3,590,290
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Summaries of water uses specific to irrigation show that Yellowstone and Carbon Counties showed the
largest amount of irrigation water use (Figure 4-3). The Clarks Fork River valley flows through Carbon
County, and the reduction in flows at the mouth of the Clarks Fork described in earlier sections is
supported by this relatively high level of water use for irrigation. Total consumptive use for irrigation is
estimated to be about 20 percent of the total withdrawal value (Table 4-2 and Figure 4-4; Cannon and
Johnson, 2004). Consumptive use estimates were not available for McKenzie County North Dakota.

Figure 4-1 Total estimated year 2000 water withdrawals by type of use (Cannon and Johnson,
2004).
Figure 4-2 Total estimated year 2000 water withdrawals by county (Cannon and Johnson,
2004).
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Figure 4-3 Estimated 2000 water withdrawals in Montana for irrigation by county (Cannon and
Johnson, 2004).
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Estimated total and consumptive irrigation water use by count.;a(g:niin and Johnson, 2004); data not available for McKenzie County
ND.
Total Estimated Irrigation Withdrawals Estimated Consumptive Use
Total
Groundwater Surface Water Total Total Total Consumptive Consumptive
Withdrawals Withdrawals Withdrawals Withdrawals Use for Irrigation Use for Irrigation
(Mgal/D) (WCEUL)) Mgal/d (acre-ftl/yr) (Mgal/d) (acre-ft/yr)
Big Horn 2.6 250 253 283,780 57 63,720
Carbon 0.8 580 581 652,070 93 104,640
Custer 0.7 88 88 99,100 29 32,300
Dawson 0.2 77 77 86,780 22 24,670
Park 2.6 350 352 395,740 58 65,630
Prairie 0.5 55 57 63,850 15 16,610
Richland 1.7 374 376 422,170 65 72,710
Rosebud 1.6 158 159 178,990 37 41,880
Stillwater 44 188 192 215,990 37 41,630
Sweet Grass 0.6 322 323 362,620 48 54,160
Treasure 1.1 107 108 120,820 25 28,450
Yellowstone 49 442 447 501,560 104 116,250
Total 16 1,646 1,661 1,866,000 331 371,690
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Figure 4-4 Irrigation water use by county showing total irrigation water withdrawals versus
irrigation consumptive use (2000 estimates).

4.2 Water Use by Drainage Basin

In order to describe the summarize the estimated 2000 water use by drainage basin, individual 8-digit
HUC data were summarized by major contributing basin. These summaries for total water use are shown
in Table 4-3 and Figure 4-5. For these data, the “Upper Yellowstone” refers to the river corridor HUC
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. The summaries show that the Upper Yellowstone, Lower Yellowstone,
and Clarks Fork Drainages collectively account for almost 75 percent of the total water use in the
Montana portion of the Yellowstone River watershed in 2000.
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Table 4-3
Estimated 2000 total water use by basin (Cannon and Johnson, 2004).

Withdrawals by Category, Mgal/day (million gallons per day)

Self- Self- Thermo-
Public Supplied Supplied electric Power Total
Drainage Basin Irrigation Supply Domestic Industrial Generation Livestock (Mgal/Day) Total (aflyr)
$Z|‘|’§:vstone 871 255 0.88 9.9 53 1.9 962 1,080,060
\"(::’I":v';stone 713 6.3 0.69 1.0 57 3.8 782 878,280
Clarks Fork 527 1.4 0.33 0.1 0 0.7 530 595,210
Bighorn 243 1.0 0.34 0.0 0 0.9 245 275,020
Shields 172 0.1 0.14 0.0 0 0.2 173 194,230
v;ﬂg::stone 159 0.3 1.15 0.0 0 1.2 162 181,500
Stillwater 127 0.2 0.20 0.0 0 0.5 128 143,600
Tongue 75 0.2 0.18 0.0 0 1.1 76 85,440
Powder 29 0.2 0.13 0.0 0 1.3 31 34,620
Pryor Creek 26 0.1 0.13 0.0 0 0.3 27 30,180
Rosebud 15 0.5 0.04 0.0 0 0.3 16 18,160
Total 2958 36 4.2 11 110 12 3131 3,516,300
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Figure 4-5 Estimated Year 2000 total Montana water use by drainage basin (Cannon and
Johnson, 2004).

Water use for irrigation shows similar trends as total water use. Table 4-4 shows the total water use for
irrigation, including groundwater and surface water withdrawals as well as estimated total consumptive
use. For the year 2000, the total estimated water withdrawn for irrigation within Montana drainages
contributing to the Yellowstone River was about 3 billion gallons per day or 3.3 million acre-feet per year.
The total estimated consumptive use was about 588 million gallons per day, or 660,000 acre-feet per
year. Over 70 percent of the total consumptive use was in the Upper Yellowstone, Lower Yellowstone,
and Clarks Fork drainages (Figure 4-6 and Figure 4-7).
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Table 4-4
Estimated total and consumptive irrigation water use in 2000 for Yellowstone River contributing drainages (Montana only).

Total Estimated Irrigation Withdrawals Estimated Consumptive Use
Total .
Groundwater Surface Water Total Total Consumptive Total Consumptive
Withdrawals Withdrawals Withdrawals Withdrawals  Use for Irrigation Use for Irrigation
Drainage Basin (Mgal/D) ((CEUL)) Mgal/d (acre-ft/yr) (Mgal/d) (acre-ft/yr)
Upper
Yellowstone 7.0 864 871 978,110 157 176,760
Lower 6.1 707 713 800,830 159 178,080
Yellowstone
Clarks Fork 0.9 527 527 592,370 85 95,950
Bighorn 2.6 240 243 272,490 55 61,950
Shields 1.0 171 172 193,660 29 32,600
Middle 18 157 159 178,540 37 41,250
Yellowstone
Stillwater 2.7 124 127 142,670 24 26,710
Tongue 0.7 74 75 83,730 21 23,510
Powder 0.3 29 29 32,850 1 12,860
Pryor Creek 0.2 26 26 29,630 6 6,810
Rosebud 0.1 15 15 17,170 3 3,800
TOTAL 23.2 2,934 2,958 3,322,050 588 660,340
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Figure 4-6 Estimated total surface water volume withdrawn for irrigation by drainage basin for
Year 2000 (Cannon and Johnson, 2004).

Figure 4-7 Total and consumptive estimated Year 2000 water use for irrigation by drainage
basin.

4.3 Irrigation Depletion Patterns

On the Yellowstone River the two major influences of altered hydrology are Yellowstone Basin irrigation
and Bighorn River water use (primarily reservoir impacts and irrigation). In an effort to help understand
the relationships between irrigation and the altered hydrology of the Yellowstone River and make a
qualitative assessment of the relative influences of irrigation and Bighorn River flow alterations, the
depletion patterns for regulated and unregulated flow were compared at gages above and below the
Bighorn River confluence. The Bureau of Reclamation depletions (2005) were based upon irrigation and
reservoirs. All other depletions were estimated as a percentage of irrigation depletion. Irrigation depletion
estimates included calculation of crop requirements, diversion needs and return flows. Reservoir
depletions included storage changes, evaporation and precipitation, and seepage estimation.
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Because the depletion estimates above Billings are dominated by irrigation, the change in mean monthly
discharge measured at the Billings gage (Figure 2-3) shows a clear pattern of irrigation use. The following
summary describes that pattern. In April, relatively minor depletions begin as irrigation ditches usually
begin operations in mid- to late-April. During that time, irrigation water requirements are low and return
flows are minimal following five months of no irrigation. In May and June, depletions increase as irrigation
water requirements increase and return flows remain low due to low water use in previous months. In
July, irrigation water requirements reach their maximum but depletions remain relatively constant as
return flows from May and June begin to offset diversions. In August, return flows continue to increase as
irrigation water requirements begin to decline. In September, irrigation water requirements are low and
return flows remain high. In October, when most irrigation ditches cease operations, the return flow
exceeds the irrigation water requirement and depletions become negative, although some irrigation
continues. From November to March, irrigation water requirements are zero and return flows from the
irrigation season decrease continuously to a low in March or early April immediately prior to the irrigation
season.

The change in mean monthly discharge measured at the Forsyth gage or any gage downstream of the
Bighorn confluence would be expected to show the same pattern with respect to irrigation depletions
although the magnitude of the depletion would increase with the amount of irrigated land above any
specific gage. Because depletions are based on irrigation and reservoirs, the difference in regulated and
unregulated flow patterns between Forsyth and Billings (Figure 2-3 and Figure 2-4) can be attributed to
the effect of Bighorn River flow alterations. In order to assess the relative roles of irrigation and Bighorn
River flow alterations in altering hydrograph, the pattern of depletions by month at the Billings gage was
taken to represent irrigation depletions alone. The change in unregulated flow to regulated flow due to
irrigation was estimated at gages downstream of the Bighorn River using the Billings gage as a baseline
and applying percentage increases to irrigation depletions based on the percentage increase in water use
from the USGS. 2000 Water Use in Montana study (Cannon and Johnson, 2004). The USGS withdrawals
were used to calculate the total withdrawals for all HUCs above a gage and assigned a percentage of the
Billings withdrawal. Total irrigation withdrawals including all tributaries were 133 percent of the Billings
total at the Forsyth gage. The percentages at Miles City, Glendive and Sidney were 144, 160 and 177
percent, respectively. The pattern of monthly depletion based on Bureau of Reclamation depletion
analysis at Billings was applied to the percentage irrigation withdrawals from the USGS study to estimate
monthly irrigation impact at gages downstream of the Bighorn confluence. The estimated depletions were
removed from the total depletions at each gage and the remaining change in mean monthly flow was
assumed to estimate the depletion due Bighorn River flow alterations. This process was used to estimate
the effect of Bighorn River flow alterations on monthly mean flow at Forsyth, Miles City, Glendive and
Sidney. The change in mean monthly flow attributable to Bighorn River flow alterations is remarkably
consistent at the four locations (Table 4-5 and Figure 4-8). Slightly higher depletions during irrigation
season and slightly more negative depletions during times of return flow at Glendive and Sidney may
reflect greater irrigation depletion than estimated. Although the methodologies for estimating water use or
depletion are similar and, thus, the datasets are not entirely independent, the consistent pattern of
irrigation depletions and Bighorn River flow alteration influences increases confidence in estimation
techniques and in the qualitative analysis of hydrologic alterations due to Yellowstone Basin irrigation and
Bighorn River flow alterations.
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Monthly depletions with irrigation removed -tr: I:Iseti‘:nite change in flow due to Bighorn River flow
alterations
Billings Forsyth Miles City Glendive Sidney Mean
144% 177%
%Billings Withdrawal 100% (Baseline) (cfs) (cfs) (cfs)
January 0 -1137 -1153 -1172 -1160  -1155
February 0 -907 -926 -940 -943 -929
March 0 -673 -678 -700 -692 -688
April 0 1184 1280 1290 1275 1270
May 0 6241 6757 7452 7464 6980
June 0 7294 7722 8180 7936 7786
July 0 5278 5810 6300 6248 5911
August 0 2788 3142 3490 3456 3221
September 0 600 714 800 767 721
October 0 -917 -1016 -1060 -1083  -1012
November 0 -1097 -1154 -1194 -1199  -1159
December 0 -1144 -1182 -1200 -1206  -1183
Figure 4-8 Estimated change in mean monthly discharge attributable to Yellowtail Dam

Operations on Bighorn River.

The pattern of depletions to the Yellowstone River downstream of the Bighorn confluence is strongly
influenced by Yellowtail Dam. Yellowtail Dam is operated in order to maximize three major priorities:
hydropower generation, flood control and recreation/fisheries both above and below the dam.
Hydropower generation and river fishery purposes benefit from stable reservoir releases over the winter

June 2015 4-12
Technical Appendix 2: Hydrology



USACE Omaha District Yellowstone River Cumulative Effects Assessment

months from November through March. During this time period the reservoir level is drawn down by as
much as 25 feet (226 KAF). The effect on the Yellowstone River is to increase winter flows downstream of
the Bighorn River. Although some negative depletions to fall and winter flows of the Yellowstone are due
to irrigation return flow as demonstrated at the Billings gage, the dam contributes roughly 700 to 1200
CFS to the Yellowstone River during the fall and winter (Table 4-5).

Minor adjustments to releases are sometimes required prior to April 1, but unless spring runoff forecasts
are much higher or lower than average, the release rates set in November are not changed. If forecasts
for spring runoff are considerably higher than average, releases are increased to create space in the
reservoir.

Beginning April 1, operation of the dam is governed by a rule curve based on desired reservoir elevations
from April to July. The rule curve is updated frequently throughout the summer as forecasts are revised.
The reservoir is filling during the spring and summer and depletions to the Yellowstone are substantial.
Positive depletions to the Yellowstone River in April suggest that on average filling of the reservoir begins
in April.

Releases from the reservoir in August through October are based upon an end-of-October reservoir
elevation target of 3635 to 3640. An elevation of 3640 is the top of the joint-use conservation pool and the
reservoir can be considered full. Elevations above 3640 are the exclusive flood control pool controlled by
the United States Army Corp of Engineers. A target river release in August through October is 2500 CFS
but if that target release prevents an end-of-October elevation of 3635 it will be reduced to a level
sufficient to meet the end-of-March target elevation of 3617. The positive depletions to the Yellowstone
River in August and September suggest that, in general, water is still accumulating in the reservoir in late
summer contributing to low late summer flows. Figure 4-9 shows the daily average inflows and outflows at
Bighorn Reservoir for 48 years of operation of Yellowtail Dam (1966-2013). The flow releases reflect
discharges from the Yellotail Afterbay Dam to the Bighorn River
(http://www.usbr.gov/gp/hydromet/index.html). The flow alterations due to the dam include increased
winter flows, loss of definition of the early prairie runoff melt in mid-March, delay and suppression of
spring runoff, and increased flows in August.
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Figure 4-9 Inflow (blue) and outflow (red) hydrographs from Bighorn Reservoir showing effect
of dam operations on Bighorn River hydrograph.

The difference in regulated versus unregulated flow at gages downstream from the Bighorn confluence
shows a monthly pattern that is based upon irrigation depletions and Yellowtail Dam. These two
influences are evident in the depletion patterns and tend to reinforce each other in terms of positive
summer depletions and negative fall to winter depletions (Figure 4-10).

When compared to the total change in flow at the Forsyth gage, the estimations indicate that the relative
influences of and Yellowstone Basin irrigation show a high degree of monthly variability (Figure 4-10 and
Figure 4-11). During the winter months, over 80% of the increase in low flows is estimated to be due to
dam operations, whereas the period of most strongly reduced flows (May to July) shows a much stronger
influence of irrigation on streamflow patterns. Based on the estimates, the primary influence on flow
reductions in August and September is irrigation.
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Figure 4-10 Comparison of change in monthly flow attributable to Yellowtail Dam operations
and total change from Unregulated to Regulated conditions.

Figure 4-11 Estimated relative influence of Yellowtail Dam operations and irrigation on monthly
flows at Forsyth.

The changes in mean monthly discharge of the Yellowstone River are accounted for primarily by irrigation
depletions and the effects of Bighorn River flow alterations. One would expect that the 50-percent
probability flow (Figure 2-9) would show a smooth increase in cumulative depletion from the headwaters
to the confluence with the Missouri River with one major jump at the Big Horn River. This is the general
pattern with the exception of a sharp increase in depletion at the Clarks Fork and a decrease in depletion
at the Powder River. Although the data are interpolated between gaging stations (see Section 2.1) and
care must be used in interpretation, there may be a physical explanation for these patterns. The level of
appropriation on any tributary or stretch of the Yellowstone can be visualized by comparing the estimated
water withdrawals as reported in the U.S.G.S. 2000 Water Use in Montana study upstream of a gage
(Cannon and Johnson, 2004) with the 2000 mean annual flow of the tributary at the gage. The table
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below approximates water withdrawals on specific tributaries relative to the flow measured at their
confluence with the Yellowstone (Table 4-6 and Figure 4-12). The same comparison is presented for
several segments of the Yellowstone. For example, the estimated withdrawals in the Clarks Fork basin
upstream of the stream gage are about 93% of the mean annual flow measured at the gage, indicating
that the amount of water withdrawn is approximately equal to that reaching the mainstem Yellowstone
River.

Although the ratios cited are only for comparison, the withdrawals on most stretches of the Yellowstone,
the Stillwater and the Tongue cluster between 0.38 and 0.54. The Powder is far less appropriated (0.14)
than most tributaries or the basin as a whole. Only the Bighorn gives comparable numbers and that
tributary is strongly influenced by Yellowtail Dam. In contrast, the Clark’s Fork is highly appropriated
(0.93). The noticeable increase in depletion at the mouth of the Clark’s Fork is possibly a result of that
high appropriation. The decrease in depletion that occurs at the mouth of the Powder may reflect a
relatively low appropriation. Two other noticeable results are the relatively low irrigation appropriation
above Livingston and an increased irrigation appropriation in the lower Yellowstone.

44 Non-lrrigation
With regard to water uses other than irrigation, the primary 2000 use was for thermo-electric power
generation. Cannon and Johnson (2004) stated the following in regards to this use:

All of the water used for this purpose was from surface water and was used for cooling purposes at fossil-
fuel plants in Richland, Rosebud, and Yellowstone Counties. Power plants in Richland and Yellowstone
Counties used surface water for once-through cooling and returned almost all withdrawn water back to
the source (Figure 4-13). Power plants in Rosebud County recirculated their cooling water; however, that
water was obtained from surface-water sources and was not returned to the source of withdrawal. Water
consumed for thermoelectric power generation was about 27.70 Mgal/d, most of which was consumed in
Rosebud County because cooling water used at power plants in Rosebud County was not returned to the
source of withdrawal.
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Table 4-6
Estimated withdrawal as percentage of mean annual flow.

Ratio of
Estimated 2000 2000 Mean Annual Upstream
Withdrawals Flow Withdrawal to
Tributary (CFS) (CFS) Flow at Gage.
Yellowstone (Livingston) 475.6 3338 0.14
Stillwater 196.5 515.2 0.38
Clark’s Fork 815.9 881.5 0.93
Yellowstone (Billings) 2626.3 5371 0.49
Big Horn 375.3 2953 0.13
Yellowstone (Forsyth) 3506.3 8456 0.41
Tongue 115.3 237.7 0.49
Yellowstone (Miles City) 3776.8 8383 0.45
Powder 45.3 319.1 0.14
Yellowstone (Sidney) 4643 8576 0.54

* This ratio does not indicate the amount of water depleted from the tributary because it doesn’t account
for return flows and is based upon a single year (2000). The table should be used only for comparison
purposes.

Figure 4-12 Estimated irrigation withdrawals as a percentage of mean annual flows in 2000;
values do not include return flows and are provided as a general comparison.
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Figure 4-13 Non-irrigation water use estimated for year 2000, Yellowstone River Corridor
Counties.
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5.0 POTENTIAL HYDROLOGIC IMPACTS OF CLIMATE CHANGE

In their analysis of stream gage records on the Yellowstone River, Leppi and others (2012) concluded
that climatic variables are influencing a decline in late summer baseflows on the upper Yellowstone River
in Yellowstone National Park (Section 3.1). To date, the potential impact of climate change on the
hydrology of the Yellowstone River has not been carefully assessed, although the body of research
regarding the potential impacts of climate change in the Northern Rocky Mountain Region continues to
develop. The Montana DNRC has noted that a growing number of studies have demonstrated that over
the past 60 years or so, western North America has experienced a substantial decline in snow water
equivalent, and that snowmelt runoff tends to occur earlier in the year. DNRC cites evidence that relative
to pre-1950 conditions, more precipitation is falling as rain rather than snow, and low baseflow periods
are more common (Montana DNRC, 2014a). Pederson and others (2011) assessed the historical
variability and trends in snowpack records, stream gages, and meteorological stations within the Northern
Rocky Mountain Regions and observed the following:

e A tendency for decreased snowpack and earlier melt at mid-elevation SNOTEL sites over the
past four decades;

¢ Significant seasonal and annual decreases in the number of frost days ;
o Warmer spring temperatures and spring precipitation causing earlier snowpack depletion; and,
e Anincreased number of snow-free days

Pederson and others (2011) also indicate that the majority of the variability in selected snowpack and
streamflow variables can be explained by changes in atmospheric circulation associated with Pacific
Ocean surface temperatures.

In 2008, field and supervisory staff from Montana Department of Fish Wildlife and Parks (FWP) met with
various stakeholders and scientists to discuss potential impacts of climate change on the biological
resources of the Yellowstone River. A published summary of the Plenary Session conducted at that
workshop includes describes a presentation by Wyoming State Climatologist Dr. Steve Gray, who
described the following likely impacts of climate change in the Yellowstone River basin (Miller and others,
2008):

Warmer temperatures throughout Montana;

o Earlier snowmelt

e Less snow accumulation as more winter precipitation falls as rain;

e More frequent and extreme droughts; and,

e More extreme variation in both temperature and precipitation.
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 warmer temperatures and modest increases in precipitation

(DNRC, 2014b). This results into either unchanged or increased streamflow volumes, with shifts in
streamflow timing. The anticipated shifts in timing would be the result of an earlier snowmelt and an
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increase in rain relative to snow during the late winter and early spring. Figure 5-1 shows the modeling
results for the Yellowstone River at Billings (DNRC, 2014b). 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 5-2).

Figure 5-1 Median monthly flow modeling results for Yellowstone River at Billings under
future and historic climate scenarios (DNRC, 2014b).

Figure 5-2 Pre- and post- 1990 median daily hydrographs for Yellowstone River at Livingston
showing recent shift to earlier runoff.
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6.0 LONG-TERM FLOW RECONSTRUCTIONS

Tree ring analyses by Bryan Swindell (Swindell, 2011) showed that within the Bighorn Basin, the 20t
century was relatively wet compared to previous centuries, and that over the last 800 years, droughts
were at least as long and severe as recent droughts. Pre-20t Century droughts consistently exceeded
later droughts in terms of duration and intensity (Figure 6-1). The results are provided to provide some
larger scale context for Yellowstone River hydrology. In terms of water availability, historic drought
severities indicate that the flow statistics described for undeveloped to developed conditions could be
substantially altered by drought scenarios that have occurred repeatedly prior to 1900.
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Figure 6-1 Tree-ring-based streamflow reconstructions showing 20-year smoothing splines

(bold black lines) from 1200 to 2001 (Swindell, 2011); example drought events
shown by vertical dashed line.
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1.0 INTRODUCTION

This Appendix summarizes the comparison of the hydraulic mapping products generated by the US Army
Corps of Engineers in support of the Yellowstone River Cumulative Effects Assessment (CEA). The
Yellowstone River Corridor was modeled utilizing the HEC-RAS software and resulting water surfaces
were delineated as part of the Hydraulic Analysis. This Floodplain Connectivity analysis compares the
delineated floodplain boundaries under various conditions for the 2-, 5- and 100-yr flood events in an
effort to characterize the impact of human influences on floodplain and side channel access in the
Yellowstone River corridor.

The primary data sources used include the following:
1. Hydrologic Analyses Described in Appendix 2: Hydrology
2. Hydraulic Modeling Results Developed by the US Army Corps of Engineers (USACE, 2014):

The project reach for this assessment extends from Springdale (Park/Sweetgrass County Line) to the
Missouri River confluence, a distance of 477 miles. Park County, which is located upstream of
Springdale, was not included in the analysis. Hydraulic modeling of Park County was performed
previously as part of the Upper Yellowstone River Task Force using different methodologies, and those
results are not comparable to those presented here.

1.1 Major Findings in Support of Cumulative Effects Analysis
The primary findings of the hydraulic analysis of floodplain connectivity that may support multiple aspects
of the CEA include the following:

1. Between Springdale and the mouth of the Yellowstone River (477 river miles), over 21,000 acres
of 100-year floodplain area have been isolated due to physical encroachments, agricultural
development, and hydrologic alterations.

2. The largest single contributing land use to floodplain isolation is reduced peak flows.
3. Land use influences are concentrated in localized areas of the river corridor.

4. Upstream of the Bighorn River confluence, typically less than 20% of the 5-year floodplain has
been isolated; downstream of the confluence over 40% of the historic 5-year floodplain is now
inaccessible to a 5-year flood.

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

6. In total, there are over 17,000 acres of irrigated land in the historic 5-year floodplain.

7. If the 5-year floodplain could be used to approximate the minimum size of the Yellowstone River
riparian forest, it could be estimated that at least 17,000 acres of historic riparian forest in the
Yellowstone River corridor have been converted to irrigation, which translates to about 26 acres
of conversion per river mile.

8. Isolation of the 2-year floodplain has resulted in reduced seasonal high flow channel inundation
during that event.
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9. The extent of 2-year floodplain isolation has been most significant between the confluences of the
Bighorn and Tongue Rivers, where the developed 2-year inundation footprint is on the order of
40% smaller than that under undeveloped conditions.
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2.0 FLOODPLAIN ISOLATION: COMPARISON OF “REGULATED AND
“UNREGULATED” CONDITIONS

Floodplains are relatively flat topographic surfaces that are adjacent to rivers and prone to periodic
flooding. Floodplains are commonly referred to in terms of the area inundated during a given flood event;
for example, the 100-year floodplain, which is the area inundated during a 100-year flood event, is larger
than the 5-year floodplain, which is the area inundated during a more frequent, smaller magnitude 5-year
event. Floodplains provide functions that are an integral component of overall river health; including
floodwater storage, aquifer recharge, soil rejuvenation, and creation of diverse habitats. During a flood,
inundation on the floodplain area can dampen flood waves, reducing stream velocities and magnitudes
downstream. The percolation of floodwaters into the floodplain alluvium recharges that shallow aquifer.
When inundated, floodplains filter runoff and distribute nutrients and sediment.

Several types of river/floodplain alterations can result in the isolation of floodplain area and loss of its
functions. Floodplains can be isolated due to reduced flows caused by dams or water withdrawals.
Levees, commonly built to control flooding, directly isolate floodplain areas. And channel downcutting can
result in the physical perching of the adjacent floodplain. The intent of this assessment is to evaluate the
impacts of human development in the Yellowstone River corridor on floodplain connectivity for a series of
flood events.

The main analysis performed to evaluate floodplain connectivity consists of a comparison of floodplain
inundation extents under “unregulated” and “regulated” flow conditions, defined as the following:

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

e Regqulated: 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, “Unrequlated” reflects the undeveloped flow
condition, whereas “Requlated” reflects the modern developed flow condition.

The methodology applied to the floodplain connectivity assessment consisted of the following:

1. Develop flow statistics for Unregulated (Undeveloped) and Regulated (Developed) conditions
within the river corridor (these results are summarized separately in Appendix 2: Hydrology.

2. Develop a HEC-RAS model of the Yellowstone River under current conditions.

3. Develop a second model to depict undeveloped conditions: remove all physical features such as
dikes, berms, and transportation encroachments from model, and adjust roughness values in
urban areas.

4. Run the model using undeveloped flows and undeveloped floodplain.

5. Run the model using developed flows and developed floodplain.

6. Intersect resulting inundation polygons for the “regulated” and “unregulated” conditions to identify
areas historically connected but currently disconnected.
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7. Attribute major areas (over 5 acres in extent) that have been isolated in terms of cause of
disconnection.

8. Evaluate results.

This methodology was carried out for the 100-year floodplain. For the 5-year floodplain, isolated areas
both less than and greater than 5 acres were summarized by total acreage, and not attributed in terms of
cause of disconnection. For the 2-year floodplain, isolated acreages were not available, so the HEC-RAS
modeling output was used to evaluate change in wetted topwidth under undeveloped and developed
conditions, as a surrogate for inundated floodplain and channel areas.

Both the undeveloped and developed HEC-RAS models used existing conditions terrain data, which
defines both river location and channel size. As a result, the unregulated/unregulated model output does
not capture potential historic differences in channel form or location.

Figure 2-1 shows example output of the inundation polygons that were intersected to calculated change
in inundated area for the 5- year flood event.

Note: This analysis was not performed for Park County.

Figure 2-1 Example output (Reach C9 in Rosebud County) showing difference between 5-year
undeveloped and 5-yeardeveloped conditions floodplain inundation.
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21 Isolation of Historic 100-Year Floodplain

Areas of isolated 100-year floodplain that are larger than 5 acres have been summarized and attributed
by cause of isolation. The isolation 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.
The most extensive loss of 100-year floodplain area has occurred between Bighorn River confluence and
Miles City, where over 10,000 acres of historic floodplain has been isolated from the river (Figure 2-2).
Relatively high rates of cumulative floodplain also occur below Intake.

Figure 2-2 Cumulative floodplain isolation for all land uses.

2.1.1 Land Use Relationships
Areas of isolated 100-year floodplain have been attributed in terms of the following land uses:

1. Transportation: Highways, roads and bridges;

2. Abandoned Railroad: Includes the abandoned Milwaukee Line, which is a prominent floodplain
feature in Region C (Bighorn River to Powder River);

3. Railroad: Active rail lines
4. Urban/Exurban Development

5. Agriculture: Specific agriculture-related features including topographic modifications, irrigation
ditches, levees, and riprap;

6. Hydrologic Alterations: Those changes where a reduced floodplain footprint is not associated
with any discreet physical feature, such that the loss is more closely associated with the reduced
flows in the Regulated Flow condition. In many cases these polygons include agricultural lands
where grading may have contributed to the isolation.

Figure 2-3 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 the valley has similarly isolated historic floodplain
against the valley wall. Within the active meanderbelt, floodplain has been isolated by hydrologic
alterations, some of which may be exacerbated by agricultural field grading.
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Figure 2-3 Example 100-year floodplain isolation polygons, Reach C11 below Forsyth.

Table 2-1 and Figure 2-5 show the total acreage of floodplain isolated by type of impact for the entire
study reach (Park County data were not available). The most prominent impact is flow alterations,
followed by active railroad embankments and agriculture (Figure 2-4). Of the 8,604 acres of floodplain
isolated due to reduced peak flows, some of those isolated areas on agricultural lands may also be
affected by land grading and drainage modifications (Table 2-1).
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Table 2-1
Total Acreage of 100-year Floodplain Isolation.

Impact Floodplain Isolation (acres)

Hydrologic Alterations 8,604
Agriculture 3,720
Railroad 3,526
Abandoned Railroad 2,303
Transportation 2,054
Urban/Exurban 1,230
TOTAL 21,437
Agriculture:

Irrigation Ditch 1,388
Agricultural Levee/Riprap 2,331
TOTAL Agriculture 3,720
Figure 2-4 Relative influence of land uses on 100-year floodplain isolation.
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Figure 2-5 Total floodplain isolation by type of impact.

Figure 2-6 and Figure 2-7 show the extent of floodplain isolation by reach. The most extensive areas of
isolation are as follows:

1. Reaches A18-B2: This area extends from Laurel to Billings, where the vast majority of floodplain
isolation is transportation related, primarily due to the 1-90 Interstate embankment.

2. Region C: From the mouth of the Bighorn River to Reach C14 at Hathaway, the Yellowstone
Valley is especially broad, supporting agriculture and some development. The abandoned
Milwaukee rail line parallels the river on the north floodplain, and the active line is on the south.
As the valley is broad and flat in this area, hydrologic alterations have also resulted in substantial
reduction in floodplain area. Development—related floodplain isolation in Region C is mainly due
to the urban levees in Forsyth (C10) and Miles City (C17).

3. Region D: The lowermost portion of the river below Intake (D9) is also very broad and
extensively farmed. Most of the isolation in this area is due to contraction of the flat floodplain due
to flow alterations; much of this area is agricultural ground that may also be affected by field
grading/ topographic modifications.
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Figure 2-6 Total floodplain isolation by reach.

Figure 2-7 Percent floodplain isolation by reach.

Figure 2-8 shows that with respect to each land use, the floodplain isolation is concentrated in given
areas. For example, transportation-related isolation is almost entirely occurring in the vicinity of Billings.
Agricultural isolation is most common near Hysham and upstream of Miles City. The influences of specific
aspects of agricultural land uses on floodplain isolation are summarized in Figure 2-9. Floodplain isolation
from the individual influences of ditches and levees are spatially concentrated in a very few areas. Ditch
berms are most pronounced just upstream of Hysham, with riprap and levees concentrated upstream of
Miles City. The area of extensive floodplain isolation due to agricultural development is shown in Figure
2-10; this area has a long series of low dikes that have isolated floodplain area north of the river. Table
2-2 summarizes the primary causes of floodplain isolation, areas of impact, and associated land use
drivers.
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Figure 2-8 Cumulative floodplain isolation; values accumulate in the downstream direction.
Figure 2-9 Cumulative floodplain isolation associated with agricultural land uses.
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Figure 2-10 Isolated floodplain area in Reach C14 upstream of Miles City showing impacts of
agricultural and abandoned railroad land uses.

Table 2-2
Summary of main locations and causes of floodplain isolation.

Cause of Isolation Area(s) of Impact Main Driver(s) ‘

Hydrologic Below Hysham Yellowtail Dam impacts in broad
Alterations flat valley sections
Urban/Exurban Forsyth, Miles City, and Glendive Urban levees
Railroad Below Billings; greatest impact above Direct isolation by active rail line
between Billings and Hysham
Abandoned Forsyth to Miles City Abandoned Milwaukee Line
Railroad
Transportation Billings 1-90
Agriculture
Dikes and Levees Bighorn to Hysham, western Custer Agricultural Levees
County
Irrigation Ditches Bighorn to Hysham Ditch Embankments
2-11 April 2015

Technical Appendix 3: Hydraulics



Yellowstone River Cumulative Effects Assessment USACE Omaha District

2.2 Isolation of Historic 5-Year Floodplain Area

Isolation of the 5-year floodplain was evaluated in a similar fashion as the 100-year floodplain analysis,
however in this case all acreage was summarized, not just areas greater than 5-acres in extent. This is
because the 5-year floodplain is relatively complex and discontinuous, so capturing isolation required a
more detailed summary of relatively small isolated areas. Because of the very large number of polygons
summarized, they were analyzed for total acreage rather than cause of isolation.

In terms of the percent reduction in floodplain area, the 5-year floodplain area shows a 20- to 50-percent
reduction in overall footprint between undeveloped and developed conditions (Figure 2-11). The isolation
of the 5-year floodplain has been most prominent downstream of the Bighorn River confluence (Reach
C1).
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Figure 2-11 Percent of 5- and 100-year floodplain isolation by reach.

2.2.1 Land Uses in Historic and Modern 5-Year Floodplain

The 5-year floodplain on the Yellowstone River typically consists of relatively low river bottom lands that
support the riparian corridor as well as irrigated and non-irrigated lands. As described above, portions of
the historic 5-year floodplain are no longer inundated at a 5-year flood event. Figure 2-12 shows example
output for the undeveloped condition model for the 5-year event in Reach C10 upstream of Forsyth;
Figure 2-13 shows the model output at the same location for the developed condition. The comparison of
the two shows substantial reduction in overall floodplain area under developed conditions; this historic
floodplain isolation is due to both physical features blocking the floodplain and flow alterations.

The 5-year floodplain is an important area within the stream corridor in that it is relatively frequently
inundated, such that development in these areas will be prone to flood damages. Furthermore, areas of
land use conversions within the five year floodplain may provide opportunities for riparian restoration or
recovery of flood channels that provide protective aquatic habitat during floods.

In order to provide some perspective on current and historic land uses in both the modern and historic 5-
year floodplain, the modeled flood footprints were intersected with land use and riparian mapping
polygons generated independently in support of the Cumulative Effects Analysis. This is a different
dataset than that generated for the 100-year floodplain; whereas the 100-year floodplain analysis
identified the cause of isolation, this dataset reflects simply the land use within the isolated floodplain
area. Results indicate that there are a total of 10,990 acres of irrigated land in the isolated 5-year
floodplain areas throughout the entire river corridor. The vast majority of this irrigated land is within
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Region C, between the mouth of the Bighorn River and Miles City (Figure 2-14). Most of this irrigated
ground is in flood irrigation, with several reaches showing pivot irrigation development in the historic 5-

year floodplain footprint as well.

Figure 2-12 Reach C9 modeling results showing 5-year floodplain inundation and depth grids
for undeveloped conditions.

Figure 2-13 Reach C9 modeling results showing 5-year floodplain inundation and depth grids
for developed conditions.
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Figure 2-14 Acreage of irrigated land within the isolated 5-year floodplain footprint.

The existing 5-year floodplain is by definition more prone to flooding than the isolated areas, and this
floodplain area also supports irrigated lands. Currently, there are about 6,300 acres of irrigated land
within the existing 5-year floodplain footprint; 5,376 acres in flood irrigation and 871 acres under pivot
irrigation (Figure 2-15 and Figure 2-16).
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Figure 2-15 Acreage of irrigated land within the developed 5-year floodplain footprint.
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Figure 2-16 Cumulative acreage of irrigated land within existing 5-year floodplain.

Figure 2-17 shows a cumulative plot of the extent of irrigated lands in both the existing and isolated 5-
year floodplain areas. The two main areas with significant downstream accumulation of irrigated acres in
the floodplain is between Billings and Miles City, and just upstream of Sidney. In total, there are over
17,000 acres of irrigated land in the historic 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.

Figure 2-17 Cumulative plot showing irrigated acreage in both isolated and existing 5-year
floodplain area.

2.2.2 Riparian Clearing in 5-Year Floodplain

Currently, much of the Yellowstone River woody riparian corridor lies within the historic 5-year floodplain.
If the 5-year floodplain could be used to coarsely approximate the minimum extent of the Yellowstone
River riparian forest, it could be estimated that at least 17,000 acres of historic riparian forest in the
Yellowstone River corridor has been converted to irrigation (Figure 2-17). This translates to about 26
acres of conversion per river mile. The 1950s imagery shows that there had been extensive clearing of
historic floodplain area by that time. Since 1950, however, the conversion from riparian area to irrigated
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lands in the floodplain can be calculated. A summary of those data indicate that between 1950 and 2001,
a total of about 2,400 acres of land in the historic 5-year floodplain had transition from open or closed
timber to irrigated land. Of those 2,400 acres, about 1,000 acres are in the existing 5-year floodplain,
whereas 1,400 acres are in currently isolated floodplain area (Figure 2-18). In summary, these data
suggest that if the historic 5-year floodplain was capable of supporting riparian vegetation, about 14,600
acres had been converted to irrigated land by 1950, and another 2,400 since then.

Figure 2-18 shows that there is a sharp increase in total conversion of riparian areas to irrigated lands in
the isolated 5-year floodplain just upstream of Miles City. That area is shown in Figure 2-19 and Figure
2-20; the two figures show the conversion of open timber riparian area to flood irrigation within the historic
and modern 5-year floodplain footprint.

Figure 2-18 Cumulative plot showing acreage within 5-year floodplain converted from riparian
timber to irrigated lands between 1950 and 2001.
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Figure 2-19 Reach C14 showing 1950s imagery and 5-year floodplain; note open timber
riparian area north of channel in historic floodplain.
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Figure 2-20 Reach C14 showing 2011 imagery and 5-year floodplain; flood irrigated lands north
of channel in historic (undeveloped) and modern (developed) floodplain.

2.3 Isolation of Historic 2-Year Floodplain

Although the 2-year floodplain was modeled, the total area of floodplain isolation has not been calculated
for this event. An example of the model output is shown in Figure 2-21. This lower flow condition
highlights the lost channelized flow during a 2-year event in addition to overall off-channel floodplain
inundation. As acreages were not available to assess the change in overall floodplain footprint, the
hydraulic modeling output for the 2-year event was summarized by wetted width of the modeled cross
sections. The results show that the wetted width of the modeled cross sections has narrowed throughout
the river corridor under developed conditions; Figure 2-22 shows modeling output for all cross sections
and Figure 2-23 displays that data as reach averages. 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 2-24).
Other areas with a relatively high level of 2-year floodplain contraction include Laurel to Billings and
downstream of Intake.
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Figure 2-21 Hydraulic Modeling results showing inundated area for 2-year undeveloped and 2-
year developed conditions, Reach D12.

Figure 2-22 Modeled wetted topwidth at a 2-year flood event, undeveloped and developed
conditions.
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Figure 2-23 Reach-averaged wetted topwidth for undeveloped and developed 2-year flow.

Figure 2-24 Percent change in reach-averaged wetted topwidth between undeveloped and
developed conditions.

Figure 2-25 shows an example graphic of depth grid data developed as part of the modeling effort. 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.

When summarized by channel type (Figure 2-26), the mean wetted topwidth values show that under
undeveloped conditions, the average inundated width at a 2-year flood increases from confined channel
types (eg 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.
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Figure 2-25 Depth grid model output showing example 2-year relative inundation depths for
undeveloped (top) and developed (bottom) conditions. Example is an
anabranching channel type in Rosebud County near Forsyth.
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Figure 2-26 Mean reach inundated topwidth summarized by channel type for undeveloped and
developed conditions.
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1.0 INTRODUCTION

This Appendix summarizes the datasets that have been developed to describe primary geomorphic
trends on the Yellowstone River from 1950 to 2001. Additional work has been performed to capture
impacts that occurred prior to 1950, but pre-1950 data are generally lacking. The datasets summarized in
this Appendix have been continually developed throughout the CEA process, beginning with the
delineation of project reaches, application of a classification scheme to those reaches, and quantitative
analysis of geomorphic datasets on a reach and regional scale. Documents that have been previously
developed as part of this effort include the following:

1. Geomorphic Reconnaissance and GIS Development, Yellowstone River Montana:
Springdale to the Missouri River Confluence: This was the initial report developed as part of
the Yellowstone River CEA. Completed in 2004 by AGl and DTM (AGI and DTM, 2004), the
report includes reach delineation and classification from the Park County line downstream. Park
County reaches were added to the overall dataset later.

2. Work Order #3: Geomorphic Parameters and GIS Development, Yellowstone River: Work
Order #3 was completed in 2007 and consisted of a data analysis that consisted of a GIS-based
summary of the geomorphic parameters of the Yellowstone River from Park County to the
confluence with the Missouri River (DTM and AGI, 2007). The parameters in that report relate to
channel planform as visible on aerial photographs.

3. Yellowstone River Human Impacts Timeline: This report consists of an evaluation of the
temporal patterns of human influences in Stillwater, Yellowstone and Dawson Counties. The
focus of the timeline is a comparison of approximate construction dates for physical features such
as dikes, levees, armor, and transportation encroachments. The report was completed by DTM
and AGl in 2008 (DTM and AGlI, 2008).

4. Yellowstone River Channel Migration Mapping: In 2009 DTM and AGI completed a Channel
Migration Zone effort on the Yellowstone River (DTM and AGlI, 2009). The report includes an
analysis of river migration rates and the influence of geology on rates of movement.

Although these reports provide a foundation for the geomorphic work, this Appendix presents a re-
analysis of the most recent geomorphic dataset compiled in the CEA database. The analyses focus on
remote analysis of GIS data to describe the spatial distribution and temporal shifts in overall channel
planform and associated complexity. Complimentary datasets such as those developed for the riparian
evaluation or land-use trend analysis have been used in the geomorphic assessment as well. The main
parameters described in this section include braiding parameter and side channel extent, bankfull channel
area, floodplain turnover rates, land-use relationships to channel migration rates, and extents and types
of bank armor mapped in the stream corridor.

As described above, the main time period covered for this geomorphic assessment is 1950 to 2001.
Although the 2001 data series provides the most comprehensive information to describe recent conditions
on the river, several individual datasets within that data series have been updated to 2011 conditions.
Other specific datasets have been extended back in time prior to 1950. As a result, all discussion of
conditions and trends prior to 1950 and after 2001 are described with regard to specific available data.
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2.0 MAJOR FINDINGS IN SUPPORT OF CUMULATIVE EFFECTS
ANALYSIS

Maijor findings of this assessment include the following:

1. Most reach types show a 1950-2001 reduction in bankfull braiding parameter, which is a
reflection of the extent of side channels relative to the main channel length. The braiding
parameter trends are supported by a summary of net change in side channel length; as a whole
the river corridor has lost approximately 50 net miles of anabranching channel length since 1950,
and this loss has affected all reach types.

2. Since 1950, about 48 miles of side channel on the Yellowstone River have been blocked by
physical features, typically small dikes. Typically, the blockages account for over 80 percent of
the total loss in length in any given river segment.

3. Prior to 1950, 42 miles of side channel had already been blocked. As a result at total of about 90
miles of side channel have been blocked by physical features on the river.

4. Regions C and D show a loss of about 40.2 miles of secondary channel length between 1950 and
2001. Most of this loss occurred downstream of Glendive. These changes were accompanied by
a major shift in in-stream bar features in the lower river; Reaches C and D show that the total
extent of mid-channel bars has dropped by about 1100 acres or 43 percent since 1950. Point bar
area has also been reduced.

5. In 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.

6. Floodplain turnover rates have dropped Regions A through D. Between Springdale and the
Missouri River confluence (Park County Data were not available), the mean annual rate of total
floodplain erosion dropped from 520 acres per year to 340 acres per year. Mean annual migration
rates have dropped by over 20 percent in most reaches.

7. 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.

8. 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 multi-use ground.
Every region shows this fundamental trend of increased rates of migration through hay/pasture
land and ground irrigated by sprinkler or flood.

9. 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. 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 substantial armor failure, most of which was concrete rubble and flow
deflectors.

10. The Historic Migration Zone (HMZ) of the river has been developed by agricultural,
urban/exurban, and transportation infrastructure-related land uses. A total of 720 acres of the
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HMZ are irrigated lands. Another 281 acres have been converted to urban/exurban and
transportation land uses. These land-use conversions are all within the 1950-2001 active footprint
(channels and islands) of the river corridor.

11. Areas prone to erosion on the margins of the active corridor have also been developed. As of
2011, approximately 19,500 acres of land mapped as within the Erosion Hazard Area or Avulsion
Hazard Zone of the Yellowstone River were irrigated. The amount of area developed for
urban/exurban and transportation infrastructure in these areas of high erosion risk increased from
1,500 acres in 1950 to 3,311 acres in 2011.
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3.0 GEOMORPHIC REGIONS AND PROJECT REACHES

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 salmonid to warm-
water fishery. To allow the consideration of regional physiographic and biological conditions in the
assessment, the corridor was subdivided into five primary regions (Table 3-1). For more information on
this regional breakdown, see the original reconnaissance report (AGI and DTM, 2004).

Table 3-1
Major geographic regions of Yellowstone River CEA study.

River Miles Location Reaches

Region PC (Park County) 479-564 Gardiner to Springdale PC1-PC21
Region A 384-479 Springdale to Clarks Fork River A1-A18
Region B 298-384 Clarks Fork River to Bighorn River B1-B12
Region C 149-298 Bighorn River to Powder River C1-C21
Region D 0-149 Powder River to Missouri River D1-D16

The geomorphic regions can generally be described as follows:

e 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 the terraces 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 a total of 21 reaches
in Park County. All of the reaches are at least partially confined, indicating that bedrock and
terraces strongly influence the river corridor.

e Region A: From Springdale to the Clarks Fork confluence near Laurel, the river contains a
total of 18 reaches. These reaches are typically anabranching (supporting long side channels
separated by 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.

e Region B: Between the Clarks Fork confluence and the Bighorn River confluence, the river
contains 12 reaches. Reach types are variable, ranging from straight to braided. Similar to Region
A, bedrock valley wall controls are intermittent. Both low terrace and high terrace features locally
form the channel bankline. Region B includes the area around Billings which is densely armored
and highly impacted.

e Region C: Between the Bighorn River and the Powder River, Region C consists of a lower
gradient system that supports a wide range of reach types. A total of 21 reaches have been
identified in Region C, and these reaches range from unconfined, multi-thread channels in the
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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.

e Region D: Below the Powder River confluence, Region D contains 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 warm water fishery and tends to be relatively fine grained and low gradient.

As part of the initial Reconnaissance Study (AGI and DTM, 2004), the river was segmented into reaches
based on geomorphic conditions observable in the 2001 color infrared dataset. Ultimately, the river was
divided into 88 reaches between Gardiner and the mouth (Figure 3-1). The reach classification is based
on general river pattern as well as the relative influence of the valley wall on the active channel
morphology. Thus, the classification describes confinement (confined, partially confined, unconfined), and
pattern (straight, meandering, braided, and anabranching). Table 3-2 lists the reach types assigned to the
corridor segments. The first column of the table also shows the “Primary Channel Type”, which is a
collapsed version of the reach types used in some of the data analysis and presentation. As shown in
Table 3-1, 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 A1 through A18, with Reach A1 at the
upper end of the region). Table 10-1 at the end of this Appendix 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). The 2004 Reconnaissance Report also contains more extensive
descriptions of broad scale geomorphic controls on Yellowstone River geomorphology such as geologic
influences and associated valley bottom configurations.
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Figure 3-1 Yellowstone River subreach delineation.

Many of the plots in this Appendix include the locations of major communities and tributary confluences.
These are intended to help readers put the trend data into a spatial context. For further reference, Table
3-3 lists the reach locations of major towns, confluences, and counties on the Yellowstone.
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Table 3-2
Summary parameters for reach classification (AGl and DTM, 2004).

Detailed Side
General Channel Channel Type Number of Natural Gravel Bar Channel
Type Detailed Channel Type Reference Reaches Confinement Frequency Frequency
Anabranching Unconfined anabranching UA 12 Low Moderate High
Partially confined PCA 18 Moderate Moderate High
anabranching
Braided Unconfined braided uB 6 Low High High
Partially confined braided PCB 13 Moderate High High
Meandering Partially confined meandering PCM 4 Moderate Low/Moderate Moderate
Partially (_:onf_ined PCM/I 11 Moderate Low/Moderate Moderate
meandering/islands
Straight/ Confined | Partially confined straight PCS 11 Moderate Low/Moderate Low
Confined straight CS 5 High Low Low
Confined meandering CM 7 High Low Low
Stralghy Unconfined straight/islands us/l y Low Low/Moderate Moderate
Unconfined
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Table 3-3
Reach locations of major towns, confluences and counties.
Town River Mile Valley Mile Reach

Gardiner 564 466 PC1
Livingston 501 413 PC15
Big Timber 461 377 A4
Reed Point 434 353 A10
Columbus 416 337 A13
Laurel 386 311 A18
Billings 365 293 B2
Hysham 277 220 C5
Forsyth 239 193 c10
Miles City 185 150 Cc17
Terry 139 111 D1
Glendive 94 171 D6
Intake 73 56 D8
Sidney 29 22 D13
Fairview 12 10 D15

Confluence River Mile Valley Mile Reach
Mill Creek 526 431 PC8
Shields River 494 406.5 PC17
Boulder River 460 376 A4
Stillwater 417.5 338.5 A12
Clarks Fork 383.5 309 A18
Pryor Creek 354 283 BS
Bighorn 298 236 B12
Tongue 185 150 Cc17
Powder 150 119 C21
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County Reaches

Park PC1-PC20
Sweet Grass A1-A9
Stillwater A10-A16
Yellowstone A17-B12
Treasure C1-C7
Rosebud C8-C13
Custer C14-C20
Prairie C21-D3
Dawson D4-D9
Richland D10-D14
McKenzie D15-D16
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4.0 SINUOSITY

Sinuosity, which is defined as the ratio of channel length to valley length, depicts how tortuous a stream
channel is for a given valley distance. In general, the sinuosity of the Yellowstone River increases in the
downstream direction with the most sinuous segment in Region C, where mean reach-scale sinuosity
exceeds 1.2 (Figure 4-1). The sinuosity of the Yellowstone River is inversely related to overall channel
slope; high sinuosity areas in the lower river tend to support lower gradient channels, whereas in upper
reaches, the channel is both relatively steep and relatively straight (Figure 4-2).

Figure 4-1 Yellowstone River reach -average sinuosity by Region.

Figure 4-2 Channel slope measured with DEM data on 3-mile increments, Regions A-D (AGI
and DTM, 2004); note that the plot is not a profile, but slope values for individual
river segments.

When broken down on a reach scale, 2001 sinuosity values show that the majority of the reaches have a
sinuosity of less than 1.15 (Figure 4-3). The most striking exception to that value is in the upper portions
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of Region C, where sinuosity exceeds 1.4 in five reaches between C3 and C9. These reaches are located
just below Myers Bridge, as well as in the Mission and Hammond Valleys near Hysham and Forsyth,
respectively. The Mission and Hammond valleys are geologically controlled by Bearpaw Shale, which can
be correlated to valley floor widening (AGI and DTM, 2004). Anabranching channel types tend to be the
most sinuous channel type, and they are also prevalent in these wide broad valleys. Anabranching
channel types are those that have extensive side channels that are separated from the main channel by
vegetated islands. These channels are continuous and active under bankfull flow conditions.

Figure 4-3 Ratio of 2001 channel length to valley distance (sinuosity).

As anabranching channel types tend to be the most sinuous, it is not surprising that they show the
greatest net change in overall channel length through time. On the Yellowstone River, the changes in
primary channel length since 1950 on anabranching channels has been dominated by shortening or
reduction in sinuosity (Figure 4-4). Several anabranching reach types on the Yellowstone have lost over
500 feet of primary channel length per valley mile since 1950, and these reaches can be found in all
regions.

Figure 4-4 Change in channel length by reach normalized to valley distance
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5.0 BANKFULL BRAIDING PARAMETER AND SIDE CHANNEL
LENGTH

Braiding parameter is an effective metric used to describe the extent of side channels in alluvial rivers.
This is an important component of the CEA due to the recognized importance of side channels to
fisheries (Appendix 8: Fisheries).

Bank full braiding parameter reflects the following ratio:

BP= (Primary Channel Length + Anabranching Channel Length)

Primary Channel Length

As anabranching channels active under bankfull flow conditions and are separated from the main channel
by vegetated islands, they provide an effective means of describing bankfull channel planform metrics. A
reach with no anabranching channels has a braiding parameter of 1.0, and a braiding parameter of 2
means that the total length of the anabranching channels equals that of the main channel.

Figure 5-1 shows the 2001 braiding parameter for each reach. The spatial distribution of braiding
parameter indicates relatively low side channel extents in confined channels in upper Park County (PC1-
PC4) and from Miles City to Fallon (C17-D3). The highest braiding parameters tend to be in lower
Yellowstone County down to Forsyth (B5 to C7), which includes the anabranching channel types of the
very broad Mission and Hammond Valley areas, and in reaches D5 through D12 near and below
Glendive.

Figure 5-1 2001 braiding parameter by reach.

As the reach classification is in part a function of channel pattern, braiding parameter values stratify
based on that classification (Figure 5-2). Braiding parameter, which reflects the cumulative length of
bankfull side channels relative to the primary channel, increases consistently from the confined reach
types (CM and CS) to the anabranching reach types (PCA and UA). Anabranching channel types reach
braiding parameters in excess of 2.5, which means that the total length of side channels is over 150
percent that of the main channel. Although there are consistent patterns in braiding parameter as a
function of reach type, Figure 5-2 also shows that there has been a distinct reduction in braiding
parameter from 1950 to 2001 within most reach types. This reduction is an important, consistent trend
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with respect to the Cumulative Effects Analysis. The consistent change in braiding parameter may be due
to an increase in main channel length, loss of side channel length, or both. However, as the main channel
shows net shortening since 1950 (Figure 4-4), the loss of braiding parameter clearly reflects a loss of side
channel length throughout the river corridor. This loss is described in greater detail in later sections.

Figure 5-2 Box and Whisker plots showing bankfull braiding parameter by reach type; each
reach type has 1950 and 2001 data summarized.

5.1 Change in Bankfull Braiding Parameter: 1950 to 2001

As described above, there has been an overall loss of braiding parameter on the Yellowstone River since
the 1950s. Figure 5-3 shows the change in braiding parameter from 1950 to 2001 by reach. The results
show that most reaches of all channel types show a reduction in braiding parameter. Notable exceptions
to this trend include anabranching reaches in Park County (Reaches PC5-PC9), and meandering channel
types downstream of Sidney (Reaches D15-D16).

Figure 5-3 Total change in braiding parameter by reach, 1950-2001.
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The gain in bankfull braiding parameter in the downstream-most sections of the river (Reaches D14-D16)
reflects riparian coloinization of bars that were unvegetated in 1950 (Figure 5-4). This shows the role of
riparian vegetation in affecting overall channel classification. In Reach D16 for example, the conversion of
open bars to islands transitioned those side channels from secondary channels (braided planform) to
anabranching channels (anabranching planform).

Figure 5-4 Reach D16 at mouth of Yellowstone River showing conversion from open bar
secondary channels in 1955 (left) to forested anabranching channels in 2001
(right).
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5.2 Total Change in Anabranching Channel Length: 1950-2001

The braiding parameter data indicate that the length of anabranching channels on the Yellowstone River
has dropped since 1950. This section summarizes the total extent of that loss. In the 1950s, there were
approximately 508 miles of anabranching channels on the Yellowstone River below Gardiner. By 2001,
there were a total of 463 miles of anabranching channel. When summarized as a cumulative plot 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 5-5 and Figure
5-6). 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
(Figure 5-4).

When individual time frames are plotted for the cumulative change in anabranching channel length, it is
apparent that the majority of the side channel loss occurred in the 1976-1995 timeframe (Figure 5-7).

Figure 5-5 Total loss of anabranching channel length by reach.

Figure 5-6 Cumulative change in anabranching channel length, 1950-2001.
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Figure 5-7 Cumulative change in anabranching channel length for multiple timeframes.

5.2.1 Cause of Side Channel Loss

The loss of side channels could relate to factors such as physical blockages or hydrologic change. One
dataset generated on the Yellowstone River is the attribution of side channels that have been lost due to
blockages by physical features. Physical features typically consist of small dikes that have been built
within side channels to block the channels and commonly provide road access to islands (Figure 5-8).
Figure 5-9 shows that several reaches have lost miles of side channels due to such blockages. A total of
47 miles of side channel have been mapped as isolated by physical features between 1950 and 2001.
The most concentrated areas of side channel loss are near Billings (Reaches B1-B3) and between
Hysham and Forsyth (Reaches C6-C10). Figure 5-10 shows that between Gardiner and the Missouri
River confluence, almost 50 miles of anabranching channel has been isolated by physical features.
Physical features typically account for about 80 percent of the total side channel loss in reaches with a
net loss. However, it is important to note that some reaches show a net gain in side channel length; side
channels are dynamic and the results here are intended to show total, cumulative change for an
inherently dynamic geomorphic parameter.

5.3 Pre-1950s Loss of Side Channels

A total of 42 miles of side channel were mapped as blocked by physical features at the time the 1950s
imagery was taken (Figure 5-11). These features were mapped both to recognize that impacts to the river
had occurred prior to 1950, and also to help identify restoration opportunities in the river corridor. The
most impacted reaches with regard to total side channel loss are downstream of Billings (B1-B3) and at
Glendive (D6) (Figure 5-12).
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Small dike blocking
historic side channel

Figure 5-8 Portion of Reach A14 showing 2011 air photo overlain by 1950 channel centerlines
and physical features; an anabranching channel on south side of river has been
abandoned due to a short floodplain dike in the upper left portion of photo; flow is
left to right.

Figure 5-9 Length of side channel blocked by physical features by reach.
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Figure 5-10 Cumulative 1950-2001 loss of anabranching channel length and cumulative
isolation of side channels by physical features.

Figure 5-11 Air photo from 1950s of Reach C11 near Cartersville Bridge showing a small dike
blocking a side channel in meander core by 1950; flow is left to right.
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Figure 5-12 Total side channel loss due to blockages, pre- and post-1950s.

5.4 Example Side Channel Loss: Reach B1 (Billings)

Side channel loss on the Yellowstone River is clearly in part due to the construction of discreet dikes
intended to focus flow into a single thread. Most of these features are relatively small agricultural dikes
that provide access to historic islands and increase the overall extent of agricultural land in the stream
corridor. However, additional factors may also affect the connectivity and length of side channels. These
main impacts include hydrologic alterations (Appendix 2 Hydrology) as well as bank armor.

In 2011, a total of 57,836 feet or 12 miles of bank armor were mapped in Reach B1 at Billings. The total
amount of bank length created by both the main and anabranching channels is about 62 miles, indicating
that about 19 percent of the banks were armored in 2011. Hydrologic analysis indicates that the mean
monthly June flows have dropped by about 3,000cfs or 10 percent under developed conditions. Both of
these impacts have the potential to drive abandonment of side channels.

Between 1950 and 2001, Reach B1 lost 7.0 miles of anabranching channel length. A total of 2.8 miles of
side channels were blocked by physical features. This indicates that at most, about 40 percent of the loss
in side channel length can be attributed to those blockages (Figure 5-13).
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Figure 5-13 Cumulative loss of side channel length, pre-1950 and 1950-2001.

Figure 5-14 shows 1955 and 2001 air photos of a portion of Reach B1. The photos, which are of the
same location, show a dramatic change from a true anabranching channel in 1955 with a “split main”
thread, to a largely single thread channel in 2001. No physical features were mapped in this reach as
blocking side channels. As such, these channels were “passively” lost, in that the loss cannot be directly
attributed to a physical blockage. This is further exemplified in Figure 5-15 which is also from Reach B1;
South Billings Blvd can be seen in the center of the photo. This example shows a 1955 multithread
condition converting to a highly dominant main channel thread in 2011.

The loss of side (anabranching) channels in Reach B1 shows a cumulative geomorphic impact that is
only partially explained by features such as dikes that were constructed to intentionally block channels.
This depicts the complexity of cumulative impacts on geomorphic parameters, as contributing factors to
side channel loss include flow alterations which have the potential to dry out side channels, and bank
armoring, which can drive channel downcutting and physical perching of side channels.
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Figure 5-14 Air photos of Reach B1 showing passive loss of anabranching channels.
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Figure 5-15 Air photos of Reach B1 showing evidence of flow consolidation between 1955 and
2011.
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6.0 CHANGE IN LOW FLOW IN-STREAM GEOMORPHIC FEATURES

Low-flow geomorphic features are those located within the bankfull channel polygons. These features
include mapped secondary channels and low-flow fish habitat. The comparison of these features through
time requires consideration of the flow conditions at the time the imagery was collected. To that end, the
imagery suites have been evaluated to assign an estimated flow condition on the day of the photo. The
day the imagery was collected was recorded for each frame, and then the frame was assigned a
discharge based on the flow recorded at a representative gaging station. Although the discharges
assigned to each reach are approximate, however the results do provide an indication of flow
comparability for each reach. Figure 6-1 shows estimated flows for the 1950 and 2001 imagery suites by
reach for Regions A through D. The results show that upstream of the Bighorn River confluence (Reach
C1), the 1950s imagery captured flows that were over twice that of the 2001 imagery. The differences are
greatest below Billings in Reaches B6 through B12. These differences are what prompted the evaluation
of most geomorphic parameters under bankfull flow conditions.

Although there are differences in flow conditions above the Bighorn River, all of the reaches in Regions C
and D show very similar flow conditions for the 1950 and 2011 imagery. This allows a realistic comparison
of low flow features for these Reaches (C1 through D16). These reaches are all affected by hydrologic
alterations caused by both irrigation and Yellowtail Dam operations, so the analysis provides additional
insight as to the potential river response to these impacts.

Figure 6-1 Estimated flow condition on date 1950 and 2001 aerial imagery frames were
collected by reach.

6.1 Secondary Channels

Secondary channels were mapped as those that are separated from the main channel centerline by open
gravel bars or minimally vegetated islands. These types of side channels are inundated at bankfull flow,
but visible under low flow conditions. Secondary channels were mapped as line features in the GIS and
summarized for Regions C and D where flows were similar for the suites of air photos. Results show that
from 1950 to 2001, secondary channel lengths tend to largely decreased in Regions C and D. The most
pronounced reductions in secondary channel length were downstream of Glendive in reaches D8 through
D16 (Figure 6-2). In total, there was a reduction in secondary channel length of about 40.2 miles between
1950 and 2001 (Figure 6-3).

6-1 April 2015
Technical Appendix 4: Geomorphology



Yellowstone River Cumulative Effects Assessment USACE Omaha District

Figure 6-2 Mapped 1950-2001 total change in secondary channel length normalized to Valley
Mile

Figure 6-3 Change in secondary channel length summarized by individual time frame.

6.2 Open Bar Area

Open bars were mapped as low-flow habitat features on the 1950 and 2001 imagery and summarized for
Regions C and D. Results show that reaches have both gained and lost open bar area, typically on the
order of 10 acres per valley mile or less. The biggest changes were in the lowermost river below Sidney,
where open bar area was reduced by over 30 acres per valley mile in Reach D14 (Figure 6-4). As open
bars were mapped specifically in terms of bar type (point bars, mid-channel bars, and bank-attached
bars), it is possible to compare these features through time in more detail. These results show that there
has been a major loss of both point bar and mid-channel bar area, with a lesser increase in bank-
attached bars (Figure 6-5 through Figure 6-7). Between the mouth of the Bighorn River and the Missouri
River confluence, there was a net loss of 543 acres of open bar area, which translates to about 2.1 acres
per valley mile of net reduction in area. Perhaps more importantly however, the bar types have changed
fairly dramatically. The total extent of mid-channel bars has dropped by 43 percent since 1950, or by a
total of 1,100 acres. Point bar area has been reduced ty 28 percent or 868 acres. In contrast, bank
attached bar area has increased about 1,400 acres during the same timeframe, which is over a 200-
percent increase. This shift has major ramifications for instream habitat environments.
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Figure 6-4 Change in mapped open bar area, Regions C and D.

Figure 6-5 Change in spatial extent of several types of open bar features.

Figure 6-6 Total acreage of open bar types, 1950 and 2001.
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Figure 6-7 Total change in extent of open bar types, 1950-2001.
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7.0 CHANGE IN BANKFULL CHANNEL AREA

Bankfull channel area was measured as the entire channel footprint within bankfull channel lines. Figure
7-1 shows that although many reaches show fairly minor shifts in total bankful area (+20 acres per valley
mile), some reaches show reductions in bankfull channel area of over 40 acres per valley mile. Whereas,
upstream of the Bighorn River confluence there was been a net gain in bankfull channel area of 1,760
acres between 1950 and 2011, there was a net loss of 4,460 acres downstream of the Bighorn. When
plotted by individual timeframe for Regions A-D (Park County data were not available), the continual loss
of bankfull area below the Bighorn River is evident (Regions C and D; Figure 7-2). Figure 7-3 and Figure
7-4 show an example from Reach D13 showing the net loss of bankfull channel area between 1950 and
2001.
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Figure 7-1 Total change in bankfull channel area by reach, 1950s-2001.

Figure 7-2 Total change bankfull channel area by timeframe (only 1950-2001 data available for
Park County).
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Figure 7-3 1950 image of Reach D13 showing extensive open bar habitat and large bankfull
area.

Figure 7-4 2001 image of Reach D13 showing small open bar habitat area and relatively small
bankfull area.
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8.0 FLOODPLAIN TURNOVER RATES

Floodplain turnover extents were measured as the amount of land that was eroded by the river in any
given timeframe. This can then be annualized to a reach-scale acre per year value of floodplain turnover.
These values were not calculated in Park County due to data limitations. For the entire river however,
these trends were analyzed independently in terms of mean measured rates of channel migration.

8.1  Area of Floodplain Turnover

By intersecting bankfull channel lines, those areas that were eroded over a given timeframe can be
identified and summarized by area. Since banklines are available for multiple timeframes, these values
can be similarly segmented. The approach taken here was to evaluate turnover rates for two time frames:
1950-1976 and 1976-2001. The results indicate that from Springdale to the mouth, floodplain turnover
rates have dropped in 54 of 66 total reaches (Figure 8-1 and Figure 8-2). During the 1950-1976
timeframe, about 11,800 acres of floodplain were eroded by the river below Springdale. Over the next 25
years, that extent of turnover dropped to 8,300 acres (Figure 8-3). Between Springdale and the Missouri
River confluence (Park County Data were not available), the mean annual rate of total floodplain erosion
dropped from 520 acres per year to 340 acres per year (Figure 8-4).
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Figure 8-1 Total floodplain turnover from 1950-1976 and 1976-2001 by reach.
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Change in Floodplain Turnover Rate Normalized to Valley Mile
pre-1976 to post-1976
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Figure 8-2 Pre- and post- 1976 change in floodplain turnover rates (acres per year) normalized
by valley distance.
Figure 8-3 Cumulative acreage of floodplain turnover by timeframe.
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Figure 8-4 Annualized rate of floodplain turnover by timeframe.

These data indicate that the river corridor is less dynamic than it has been historically. Figure 8-5 and
Figure 8-6 show the net and percent change in annual migration rates for the 1950-1976 to 1976-2002
timeframes, respectively. On a regional basis, Park County shows little change in mean rates, whereas all
other reaches show a marked lowering of mean reach-averaged migration rate (Figure 8-7).
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Figure 8-5 Net change in average annual migration rate pre- and post- 1976.
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Figure 8-6 Percent change in average annual migration rate pre- and post- 1976.

Figure 8-7 Mean annual migration rate.

8.1.1 Large Wood Recruitment

In order to identify any changes in rates of large wood recruitment into the river, the mapping datasets
were used to quantify the conversion of areas from closed timber to channel. These acreages were then
normalized to valley mile. The results show that the erosion rate of floodplain areas mapped as closed
timber has dropped in the majority of reaches since the mid- 1970s (Figure 8-8 through Figure 8-10). The
total river-wide recruitment rate pre-1976 was 182 acres per year, and from 1976 to 2001 the rate was
132 acres per year, a reduction of 50 acres per year. If the closed timber areas had one tree per every
1,000 square feet, that would translate to 2,500 fewer trees being incorporated into the river channel
every year. The most pronounced reduction is in Region C. In Reach C9 the recruitment rates dropped
from over 14 acres per year on average to less than 5 acres per year since 1976. Reach C9 is located
between Hysham and Forsyth, in the broad Hammond Valley. Figure 8-11 and Figure 8-12 show the
recruitment locations and extents during each of these two timeframes. Between 1950 and 1976, broad
areas of riparian forest were eroded out by the river, and these areas are highlighted in the polygons
shown on each air photo (Figure 8-11). From 1976 to 2001, the total amount of floodplain turnover (area
eroded) was smaller, and more of that erosion extended into cleared agricultural fields rather than riparian
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forest (Figure 8-12). This suggests that the reduction in LWD recruitment rates is related to both
reductions in overall floodplain turnover rates and riparian clearing.

Figure 8-8 Cumulative acreage of eroded closed timber riparian polygons, 1950-1976 and
1976-2001.
Figure 8-9 Rates of closed timber riparian polygon erosion by reach.
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Figure 8-10 Pre- and post- 1976 average change in closed timber recruitment rates by region.
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Figure 8-11 Reach C9 areas of 1950-1976 floodplain erosion and LWD recruitment showing
1950 image, (top), 1976 image (bottom), and areas eroded between 1950 and 1976
(green).
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Figure 8-12 Reach C9 areas of 76-2001 floodplain erosion and LWD recruitment showing 1976
image, (top), 2001 image (bottom), and areas eroded between 1950 and 1976
(pink/yellow)
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8.2 Migration Rates and Land Use

Bank erosion rates can be influenced by several factors, but it is fundamentally a reflection of the
relationship between flow energy and erosion resistance of the bankline. Flow energy can be influenced
by streamflow and local hydraulic conditions such as geomorphic location or local scour elements. The
erosion resistance of the bankline can be affected by bank materials, bank height, vegetation density, and
geotechnical parameter such as bank saturation. As a result, land use has the potential to affect erosion
rates due to removal of deep binding woody vegetation or bank saturation through irrigation. To assess
any such relationship on the Yellowstone River, the migration vectors generated as part of the Channel
Migration Zone (CMZ) mapping effort were intersected with underlying land-use mapping to associate
migration rates with land use. The analysis was only performed for unarmored banks, as natural rates are
confounded by erosion control measures. The resulting dataset included 66 measurements of migration
rates through hay/pasture ground, 64 measurements through area under sprinkler/flood irrigation, and
164 measurements through “multi-use” ground, which includes riparian bottoms and grazing land. The
vectors include both the 1950-1976 and 1967-2001 timeframes. When averaged on a system-wide basis,
the results indicate that average erosion rates are higher in both hay ground and irrigated lands relative to
multi-use land (Figure 8-13 through Figure 8-15). Over a 25-year period, banks eroded into hay ground
and irrigated ground an average 40 to 50 feet further than through multi-use ground. When summarized
by region, the results show that every region shows this fundamental trend (Figure 8-16).

Figure 8-13 Rapid bankline migration through agricultural fields in Reach C7; light blue is
1950s banklines, red vectors are 1950-2001 migration distance labeled in feet, and
air photo is 2011.
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Figure 8-14 Mean migration rate summarized by land use; “multiuse” consists of riparian
bottoms and grazing land.

Figure 8-15 Mean 25-year migration distance by land use.
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Figure 8-16 Mean migration rate summarized by region.

8-11 April 2015
Technical Appendix 4: Geomorphology






9.0 BANK ARMOR AND GEOMORPHOLOGY

The following section describes the mapped extents of bank armor within the Yellowstone River corridor.

9.1 Extent of Bank Armor: County

When summarized by County, mapped physical features data indicate that Yellowstone and Park
Counties host the greatest extent of bank armor; collectively these two counties contain almost one half of
all of the bank armor on the river (Figure 9-1 and Table 9-1). Although in terms of total extent, Park and
Yellowstone County contain over 60 miles of bank armor (Figure 9-2), the extent of bank armor in these
counties is only moderately higher than other counties of the upper river when normalized to channel
length (Figure 9-3).

Figure 9-1 Distribution of total 2011 bank armor by county.
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Table 9-1

Sweetgrass 13.5 44 1 0.31
Stillwater 10.5 42.3 0.25
Yellowstone 33.9 94.3 0.36
Treasure 10.0 37.8 0.26
Rosebud 15.2 52.2 0.29
Custer 11.4 49.4 0.23
Prairie 14 40.6 0.03
Dawson 3.1 50.3 0.06
Richland 5.8 54.3 0.11
McKenzie 0.1 13.5 0.00

Figure 9-2 Total length of bank armor by county, 2011 physical features inventory.
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Figure 9-3 Miles of armor normalized to main channel length by county, 2011 physical
features inventory.

9.2 Extent and Types of Bank Armor by Reach

As of 2011, there was approximately 136 miles of bank armor on the Yellowstone River below Gardiner,
consisting of rock riprap, flow deflectors, concrete riprap, car bodies, and minor extents of other
techniques such as gabions and steel retaining walls (Table 9-2). The most prevalent type of bank armor
is rock riprap, which comprises about 75 percent of the total armor. Concrete riprap and flow deflectors
make up most of the remaining armor (27 percent; Figure 9-4). About 12% of the banks of the
Yellowstone River below Gardiner are armored. On a reach scale, an average of 9 percent of the
bankline is protected in any given reach, and that number varies from 0 to 47 percent in Reach B4
downstream of Billings (Figure 9-5). Concrete riprap is most densely concentrated near Billings (Reaches
B1-B5, Figure 9-5).

Table 9-2
Total extent of major armor types.

2011 Armor Extents: Gardiner to Mouth \

Rock Flow Concrete Car
Riprap Deflectors Riprap Bodies  Other Total
Length (mi) 102.0 15.2 16.5 1.3 0.6 135.6
Percent of Bankline 9.1% 1.4% 1.5% 0.1% 0.1% 12.1%
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Figure 9-4 Pie chart showing relative extents of bank armor types.

Figure 9-5 Percent of total bankline armored by reach, 2011 conditions.

When plotted cumulatively, the prominence of concrete armor near Billings is evident as an abrupt
increase in the downstream accumulation of bank armor length (Figure 9-6). Rock riprap shows a fairly
consistent rate of accumulation from Livingston to Miles City, after which the rate of bank protection
decreases substantially. This trend is supported by a plot of bank protection extent (reach-scale percent
armored bank) summarized by region (Figure 9-7). In terms of extent of bank protection in any given
reach, Park County shows the highest density of armor. Much of this armoring density is located in the
lower Paradise Valley (Reach PC11) downstream to below the Shields River confluence (Reach PC17).

April 2015 9-4
Technical Appendix 4: Geomorphology



USACE Omaha District Yellowstone River Cumulative Effects Assessment

Figure 9-6 Cumulative upstream to downstream plot showing bank armor trends for rock
riprap, concrete riprap, and flow deflectors.

Figure 9-7 Reach-scale percent armored bankline values statistically summarized by region.

9.3 Change in Bank Armor Extent: 2001-2011

From 2001 to late fall 2011, about 13 miles of bank armor was constructed on the Yellowstone River. The
majority of this new construction was rock riprap. In several reaches near Billings (Reaches A18-B6),
concrete armor failed or was otherwise removed from the bank (Figure 9-8). There was a net loss of
about one mile of concrete riprap between 2001 and 2011 (Figure 9-9). Between Forsyth and Miles City,
over a mile of flow deflectors were lost. Figure 9-10 and Figure 9-11 show examples of flow deflectors
that were flanked in spring 2011 and now sit in the main river channel.

The total gain in armor length from 2001-2011 represents about a 10-percent increase in overall armor
length on the river.
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Figure 9-8 Net change in armor length, 2001-2011.
Figure 9-9 Cumulative change in armor length from 2001-2011, upstream to downstream
direction.
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Figure 9-10 Failed flow deflectors, Reach A4 near Big Timber.

Figure 9-11 Failed barbs, Reach C9 upstream of Forsyth.

9.4 Land-use Association with Bank Armor
Bank armor features contained within the 2001 physical features inventory dataset were attributed by
proximal land use to estimate the length of armor present for a given purpose. The results show that in
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2001, the primary land uses that were protected by armor was agricultural land (irrigated land and
agricultural infrastructure) and active rail line, which account for 37 and 36 percent of the total bank
armor, respectively (Figure 9-12 and Figure 9-13).

Figure 9-12 Pie chart showing types of land uses protected by bank armor; labeled by total

Figure 9-13 Primary land uses associated with bank armor, 2001 physical features inventory.
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10.0 LAND USE WITHIN THE CHANNEL MIGRATION ZONE (CM2)

The Channel Migration Zone mapping of the Yellowstone River (DTM and AGI, 2009), consisted of the
delineation of a river corridor that would accommodate 100 years of unimpeded movement of the river
across its floodplain based on historic rates of change. The CMZ consists of the following components:

e Historic Migration Zone (HMZ): The HMZ is the composite footprint of all active river channels
and islands since 1950.

e FErosion Hazard Area (EHA): The EHZ, sometimes referred to as the “erosion buffer” consists of
a reach-scale buffer that was assigned to the 2001 banklines. The width of the buffer was the
average reach-scale 100-year migration distance determined by measurements of historic rates
of change. The buffer intended to provide an envelope around the river that can accommodate
100 years of future channel movement.

e Avulsion Hazard Zone (AHZ): The AHZ encompasses areas within the active stream corridor
and on the adjacent floodplain that host topographic features that might contribute to an avulsion,
which is the creation of a new channel. These areas include meander cores, as well as floodplain
areas that host swales or remnant channels that appear capable of reactivation. The AHZ reflects
a different type of risk than the EHA, as avulsions are relatively rare, flood driven events that can
be difficult to predict. In contrast, the EHA reflects the continual process of river migration across
the floodplain.

An example of the CMZ mapping is shown below (Figure 10-1). In that figure, the blue reflects the HMZ,
the orange is the EHA, and the pink is the AHZ.

Figure 10-1 Composite Channel Migration Zone on 2005 NAIP imagery.

CMZ boundaries define the historic footprint of the river (HMZ) as well as adjacent areas at risk of erosion
or avulsion (EHA and AHZ). Land uses within these areas are thus highly likely to be affected by stream
process. Development within the CMZ has the potential to put infrastructure at risk which in turn drives a
need for bank stabilization. Because some of the geomorphic changes evident on the river include
reduced rates of floodplain turnover, reduced rates of large woody debris recruitment, and reduced side
channel length, it is appropriate to consider the land uses within the active river corridor, to help
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determine whether that development is related to those changes. Restoring developed areas within the
CMZ to a more natural condition would also support natural stream function.

10.1 Land Uses within the Historic Migration Zone (HMZ)

As the Historic Migration Zone (HMZ) encompasses the river corridor occupied by channels and islands
since 1950, it defines the modern core of the river and floodplain. Development within this area typically
consists of clearing and development of riparian areas on old islands, mostly for agricultural use.
Summarizing the locations and extents of these areas supports the overall Cumulative Effects Analysis by
determining the extent of development within the core of the stream corridor, and also identifies areas
where riparian restoration would be highly appropriate.

10.1.1 Agricultural Land Uses within the HMZ

The maijority of agricultural development in the HMZ has been conversion of riparian areas to flood
irrigated fields, and most of that conversion has taken place below the mouth of the Bighorn River (Figure
10-2). This development within the HMZ has expanded since 1950 in all regions. River-wide, a total of
720 acres within the HMZ have been converted to flood irrigation, and 112 acres have been converted to
pivots. The majority of pivot development in the HMZ occurred in Reach D10 about 15 miles below

Intake, where an old island has been cleared and developed into a single pivot (Figure 10-3 and Figure
10-4).

Figure 10-2 Total extent of irrigated land within the Historic Migration Zone (HMZ), 1950 and
2011
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Figure 10-3 Total extent of agricultural land use within the Historic Migration Zone (HMZ) by
reach.
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Figure 10-4 Portion of Reach D10 showing land use conversions within CMZ from 1950 (top) to
2011 (bottom).
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10.1.2 Urban, Exurban, and Transportation

Development within the Historic Migration Zone has included land uses related to urban an exurban
development, as well as transportation infrastructure. The majority of this development has taken place in
Region B since 1950 (Figure 10-5). On a reach-scale, the development has been concentrated as
exurban development upstream of South Billings Blvd (Reach B1), and urban development within the
core of Billings (Reach B2). Within Reaches B1 and B2, over 80 acres of the HMZ has been developed
into urban/exurban land uses since 1950 (Figure 10-6).

Figure 10-5 Total extent of urban/exurban and transportation land within the HMZ, 1950 and
2011

Figure 10-6 Total extent of urban/exurban and transportation land use within HMZ by reach,
2011.

10.2 Land Uses within the Erosion Hazard Area (EHA) and Avulsion Hazard
Zone (AHZ)

Whereas the Historic Migration Zone defines the collective footprint of the active river corridor since 1950,

the Erosion Hazard Area and Avulsion Hazard Zone identify areas prone to future erosion as the river

continues to migrate across its floodplain and occasionally carve new channels through meander cutoff or
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floodplain avulsion. Development within the EHA/AHZ therefore reflects land-use conversions adjacent to
the active river corridor where risk of erosion is high.

10.2.1 Agricultural Land Uses within the EHA and AHZ

As of 2011, approximately 19,500 acres of land mapped as within the Erosion Hazard Area or Avulsion
Hazard Zone of the Yellowstone River were irrigated. Typically, on the order of one-third of the entire
EHA/AHZ footprint has been developed for irrigation, and much of that irrigation was in place in 1950
(Figure 10-7 and Figure 10-8). The most intensive irrigation in these areas occurs in the lower portions of
Regions C and D, where the Erosion Hazard Area is broad due to the size of the river, and the valley
bottom is extensively irrigated (Figure 10-9).

Figure 10-7 Percent of total area in EHA and AHZ under irrigation.

Figure 10-8 Total extent of irrigated land within the EHA and AHZ, 1950 and 2011.
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Figure 10-9 Total extent of irrigated land within EHA and AHZ by reach, 2011.

10.2.2 Urban, Exurban, and Transportation Land Uses within the EHA and AHZ

In 1950, about 1,500 acres of urban, exurban, and transportation—related land was located within the
Erosion Hazard Area or Avulsion Hazard Zone of the Yellowstone River (Figure 10-10). By 2011, that
number essentially doubled to 3,311 acres. Regions that show an increase in development in the
EHA/AHZ by around a factor of three include Park County, Region B, and Region D. Park County has
seen several hundreds of additional acres of development in erosion prone areas, especially in Reaches
PC14 and PC15 at Livingston (Figure 10-11). In Region A, the development has been mostly
transportation-infrastructure related. Region B, which extends from Columbus to Bighorn, has seen 600
acres of urban/exurban development within the EHA and AHZ since 1950, and most of this development
has occurred around Billings. Development within Region C has been concentrated at Reach C17 at
Miles City.

Figure 10-10 Total extent of urban, exurban, and transportation land within the EHA and AHZ,
1950 and 2011.
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Figure 10-11  Total extent of urban/exurban and transportation land use within EHA and AHZ 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. With
regard to Cumulative Impacts, development within the CMZ commonly consists of a direct impact of
riparian clearing and wetland modifications, and also indirectly drives bank armoring when developed
areas are at risk.
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Table 10-1
Yellowstone River Reach classification.

Reach Length
Identification (km) County Classification Comments
PC1 7.6 Park CS: Confined straight Gardiner to Little Trail Cr.
PC2 5.0 Park CM: Confined meandering Devil's Slide area
PC3 16.6 Park CS: Confined straight Corwin Springs to Carbella; Yankee Jim Canyon
PC4 5.8 Park CM: Confined meandering Carbella to Hwy 89 Br.
PC5 6.2 Park PCA: Partially confined Hwy 89 Br. to Big Creek
' anabranching
PC6 6.9 Park CM: Confined meandering Big Creek to Six Mile Cr
PC7 99 Park PCA: Partially confined Six Mile Cr to Grey Owl
' anabranching
PC8 20.3 Park CM: Confined meandering Grey Owl to just below Mallard's Rest; very sinuous,
' confined
PC9 31 Park PCA: Partially confined To Pine Creek
' anabranching
PC10 56 Park PCM: Partially confined To downstream of Deep Creek; Weeping wall, Jumping
’ meandering Rainbow; onset of spring creeks
PC11 38 Park PCA: Partially confined To near Suce Cr, Wineglass Mtn to west
’ anabranching
PC12 39 Park PCM: Partially confined To Carters Bridge
’ meandering
PC13 25 Park PCB: Partially confined braided | Through canyon upstream of Livingston
PC14 56 Park PCA: Partially confined Through Interstate bridge crossing to Livingston;
’ anabranching multiple threads
PC15 29 Park PCS: Partially confined straight | To Mayors Landing; moderate south valley wall control
10-9 April 2015
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Reach Length

Classification Comments

Identification (km)

PC16 6.9 Park PCA: Partially confined To just upstream of Hwy 89 bridge
’ anabranching
PC17 3.2 Park PCB: Partially confined braided | Through Hwy 89 bridge crossing to Shields River
PC18 8.5 Park UA: Unconfined anabranching | To below Mission Creek; multiple channels
PC19 4.4 Park CS: Confined straight To near Locke Cr; railroad closely borders to south
PC20 79 Park PCS: Partially confined straight | Moderately confined canyon section; railroad closely
’ borders to south
PC21 37 Park PCA: Partially confined To Springdale; multiple threads
' anabranching
A1 54 Sweetgrass PCB: Partially confined braided | Springdale: Low primary sinuosity; large open bar area;
' extensive armoring
A2 111 Sweetgrass UB: Unconfined braided Grey Bear fishing access
A3 8.6 Sweetgrass PCB: Partially confined braided | Upstream of Big Timber; Hell Creek Formation valley
' wall
A4 56 Sweetgrass UB: Unconfined braided To Boulder River confluence; encroachment at Big
’ Timber; extensive armor
A5 5.2 Sweetgrass UB: Unconfined braided Low Qat1 terrace on right bank
A6 4.8 Sweetgrass PCS: Partially confined straight | Channel closely follows left valley wall
A7 15.9 Sweetgrass PCB: Partially confined braided | Greycliff: Narrow valley bottom with alluvial fan margins
A8 8.2 Sweetgrass PCB: Partially confined braided | Floodplain isolation behind interstate and R/R
A9 6.2 Sweetgrass UA: Unconfined anabranching | To Reed Pt; extensive secondary channels in corridor
) Stillwater
A10 6.9 Stillwater PCS: Partially confined straight | Channel closely follows left valley wall
A11 1.2 Stillwater PCB: Partially confined braided | High right bank terrace with bedrock toe; I-90 bridge
' crossing
A12 9.8 Stillwater PCB: Partially confined braided | To Stillwater confluence
April 2015 10-10
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Reach Length

Classification Comments

Identification (km)

A13 5.8 Stillwater PCA: Partially confined Columbus; extensive armoring, broad islands
’ anabranching
A14 125 Stillwater PCA: Partially confined Valley bottom crossover
' anabranching
A15 9.5 Stillwater, Carbon | PCB: Partially confined braided | Follows Stillwater/Carbon County line
A16 12.4 Stillwater, Carbon | PCA: Partially confined Park City: Major shift in land use, and increase in valley
' anabranching bottom width
A17 104 Yellowstone UA: Unconfined anabranching | To Laurel; WAI Reach A
' Carbon
A18 38 Yellowstone UA: Unconfined anabranching | To Clark Fork; land-use change to row crops; WAI
’ Reach A
B1 24.6 Yellowstone UB: Unconfined braided Extensive armoring u/s Billings; WAI Reaches B,C,D
B2 9.8 Yellowstone PCB: Partially confined braided | Billings; WAI Reach E
B3 7.0 Yellowstone UB: Unconfined braided Wide corridor d/s Billings; WAI Reach F
B4 6.1 Yellowstone PCS: Partially confined straight | Channel closely follows right valley wall; extensive bank
’ armor
B5 12.0 Yellowstone UA: Unconfined anabranching | Huntley: includes Spraklin Island
B6 9.9 Yellowstone PCB: Partially confined braided | Channel closely follows left valley wall
B7 13.9 Yellowstone UB: Unconfined braided Unconfined reach
B8 14.7 Yellowstone PCA: Partially confined Pompey's Pillar
' anabranching
B9 7.5 Yellowstone UA: Unconfined anabranching | Meander cutoff isolated by railroad
B10 16 Yellowstone PCM: Partially confined Encroached
' meandering
B11 13.1 Yellowstone PCA: Partially confined To Custer Bridge
' anabranching
B12 7.3 Yellowstone UA: Unconfined anabranching | To Bighorn River confluence

10-11
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Reach Length

Identification (km)

Classification

Comments

Cc1 95 Treasure UA: Unconfined anabranching From Bighorn confluence: Includes 1 mile of left bank
) valley wall control; Extensive bank protection.
C2 8.9 Treasure PCB: Partially confined braided | To Myers Br (RM 285.5); Railroad adjacent to channel
’ on valley wall; low sinuosity
C3 76 Treasure UA: Unconfined anabranching | To Yellowstone Diversion: very sinuous; large
’ meanders, extensive bars; historic avulsion
C4 6.1 Treasure PCB: Partially confined braided | Below Yellowstone Diversion
C5 5.1 Treasure PCS: Partially confined straight | Hysham
C6 9.1 Treasure UA: Unconfined anabranching | Mission Valley
C7 14.7 Treasure UA: Unconfined anabranching Mission Valley
C8 10.4 Treasure PCS: Partially confined straight | Rosebud/Treasure County Line
' Rosebud
C9 17.2 Rosebud UA: Unconfined anabranching | Hammond Valley
Cc10 1.0 Rosebud PCM: Partially confined Forsyth
' meandering
Cc11 18.3 Rosebud PCM/I: Partially confined To Cartersville Bridge
' meandering/islands
C12 16.2 Rosebud PCM/I: Partially confined Rosebud; numerous meander cutoffs
' meandering/islands
C13 10.8 Rosebud PCM/I: Partially confined Valley bottom crossover
' meandering/islands
C14 196 Rosebud Custer PCM/I: Partially confined Series of meander bends
' meandering/islands
C15 6.0 Custer PCS: Partially confined straight | Very low riparian vegetation
C16 16 Custer PCM/I: Partially confined to Miles City
: meandering/islands
c17 7.2 Custer PCS: Partially confined straight | Miles City; Tongue River
April 2015 10-12
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Reach Length
Identification (km) Classification Comments
Cc18 5.2 Custer PCS: Partially confined straight | Channel follows left valley wall
Cc19 17.9 Custer CS: Confined straight Confined
C20 12.2 Custer Prairie CS: Confined straight Confined
Cc21 15.2 Custer Prairie CM: Confined meandering To Powder River; confined
D1 19.5 Prairie CM: Confined meandering To Terry Bridge; confined
D2 17.0 Prairie CM: Confined meandering To Fallon, I1-90 Bridge; confined
D3 13.4 Prairie Dawson PCS: Partially confined straight | Hugs right bank wall; into Dawson County
D4 Dawson PCM/I: Partially confined
17.7 o
meandering/islands
D5 20.3 Dawson PCA: Partially confined Long secondary channels; to Glendive
' anabranching
D6 8.9 Dawson PCM/I: Partially confined Glendive
’ meandering/islands
D7 Dawson PCA: Partially confined
12.3 ;
anabranching
D8 16.4 Dawson PCA: Partially confined To Intake
' anabranching
D9 56 Dawson PCM/I: Partially confined Downstream of Intake
) meandering/islands
D10 Dawson Wibaux PCA: Partially confined Vegetated islands
18.3 . ;
Richland anabranching
D11 103 Richland PCA: Partially confined Elk Island: Very wide riparian; marked change in
' anabranching channel course since 1981 geologic map base
D12 219 Richland PCA: Partially confined Secondary channel on valley wall; Sinuous; long
' anabranching abandoned secondary channel
D13 13.8 Richland PCM/I: Partially confined

meandering/islands
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Reach Length
Identification (km) Classification Comments

D14 231 Richland, PCM/I: Partially confined Into McKenzie County, North Dakota: High sinuosity
' McKenzie meandering/islands

D15 96 McKenzie PCM/I: Partially confined
’ meandering/islands

D16 119 McKenzie US/I: Unconfined To mouth: low sinuosity; alternate bars; vegetated
' straight/islands islands
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1.0 INTRODUCTION

Water-quality is commonly defined as the chemical, physical, biological, and radiological property 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 Yellowstone River basin. As the outlet
for the 70,100 square mile (nearly 45 million acres) Yellowstone River drainage basin, the river integrates
water quality characteristics of all land uses and human activities in its many tributaries (Zelt et al. 2005)
(Figure 1-1). The purpose of this document is to present and discuss the water-quality monitoring data,
technical studies, and related research materials that have been used to assess the historic and present
quality of water in the Yellowstone River within the study area. For the purpose of the CEA report, water
quality is evaluated and discussed 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.
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Source: USGS

Figure 1-1 Location Map of the Yellowstone River basin in Montana, Wyoming, and North Dakota.
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1.1

Primary Data Sources

This Appendix summarizes the Cumulative Effects Analysis for Yellowstone River Water-quality. The
analysis is based on the following series of primary data sources, although many other sources have
been consulted (see References):

1.

Water-quality Portal: Online water-quality database. (National Water-quality Monitoring
Council, 2014). The Water-quality Portal (WQP) is a cooperative service sponsored by the United
States Geological Survey (USGS), the Environmental Protection Agency (EPA) and the National
Water-quality Monitoring Council (NWQMC) that integrates publicly available water-quality data
from the USGS National Water Information System (NWIS) the EPA STOrage and RETrieval
(STORET) Data Warehouse, and the USDA ARS Sustaining The Earth’s Watersheds -
Agricultural Research Database System (STEWARDS).

Yellowstone River Mainstem: Summary of Existing Data for Use in TMDL Planning.
(PBS&J, 2005). This report contains a summary of the available physical, chemical and biological
water-quality data available for the nine TMDL planning segments of the Yellowstone River in
Montana.

Environmental setting of the Yellowstone River Basin, Montana, North Dakota, and
Wyoming. (Zelt, R.B., G. Boughton, K.A. Miller, J.P. Mason, and L.M. Gianakos, 1999). U.S.
Geological Survey Water-Resources Investigations Report 98-4269. Available on the internet at:
http://water.usgs.gov/pubs/wri/wri984269/wri984269.pdf. This report provides a general
description of environmental conditions and human activity in the Yellowstone River Basin (YRB)
in Montana and Wyoming. It includes discussions of physiography, climate, geology, vegetation,
surface water, stream ecology, ground water, and anthropogenic factors.

Water-Quality Assessment of the Yellowstone River Basin, Montana and Wyoming—Water
Quality of Fixed Sites, 1999-2001. (Miller, K.A., M.L. Clark, and P.R. Wright, 2005).

a. The NAWQA assessment of water resources in the Yellowstone Basin began in 1997.
Water-quality samples were collected regularly at 10 fixed sites between 1999 and 2001
in the Yellowstone Basin, with 4 sites on the mainstem of the Yellowstone River. These 4
sites are all considered integrator sites, which are heterogeneous in land use and
geology. Sampling frequency was at least monthly and included field measurements and
laboratory analysis of fecal-indicator bacteria, major ions, dissolved solids, nutrients,
trace elements, pesticides, and suspended sediment. Field measurements, major ions,
nutrients, iron, manganese, and suspended sediment were sampled at all four mainstem
sites all three years. Bacteria were sampled at all 4 sites in 2000 and 2001. Trace
elements were sampled at Corwin Springs and Billings in 1999, while trace elements
were sampled at Forsyth and Sidney in 1999, 2000, and 2001. Pesticides were sampled
at Billings in 1999 and at Forsyth and Sidney in 1999, 2000, and 2001.

5. Water Quality in the Yellowstone River Basin, Wyoming, Montana, and North Dakota, 1999-

2001. (Peterson, D.A., K.A. Miller, T.T. Bartos, M.L. Clark, S.D. Porter, and T.L. Quinn, 2004).

a. This report summarizes the first three periods of high-intensity monitoring conducted in
the Yellowstone River by the U.S Geological Survey as part of the National Water-Quality
Assessment Program (NAWQA). Ten basic and intensive stream-sampling sites were
established in the Yellowstone River Basin (YRB). General water chemistry data was
collected monthly and during high flow at ten “basic fixed” sites between January 1999
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and October 2001. Three out of the ten sites were considered “intensive fixed” sites
selected in areas with a high amount of agricultural use. These sites were sampled
biweekly-to-monthly between January 1999 and December1999 and were analyzed for
pesticides. Stream ecology samples were performed during August-September 1999.
Bed-sediment and fish-tissue samples were collected at 24 sites during July to
September 1998. The algal-nutrient study was conducted at 11 sites on the mainstem of
the Yellowstone River and 5 tributary sites in August of 2000. Sites relative to TMDL
planning for the Yellowstone River mainstem include:

* Yellowstone River at Corwin Springs

= Yellowstone River at Billings

= Yellowstone River at Forsyth

= Yellowstone River near Sidney

= Clarks Fork Yellowstone River Yellowstone River at Edgar
» Powder River near Locate (no fish tissue samples)

6. Chemical and biological indicators of nutrient enrichment in the Yellowstone River Basin,
Montana and Wyoming during Auqust of 2000. (Peterson, D.A., S.D. Porter and S.M. Kinsey
2001). Data was collected during low-flow conditions in August of 2000 at 11 sites on the
mainstem of the Yellowstone River between Corwin Springs and Sidney and on Clark Forks
Yellowstone River, Bighorn River and Tongue River as part of the National Water-Quality
Assessment Program (NAWQA). Parameters measured include turbidity, light extinction, diel

measurements, suspended sediment, nutrients, periphyton taxonomy, periphyton chlorophyll a
and AFDM, and invertebrate taxonomy. Not all parameters were measured at all sites.

7. Biological and chemical indicators of eutrophication in the Yellowstone River and major
tributaries during Auqust 2000. (Peterson, D.A., and S.D. Porter 2002). Reprinted with
permission from: Proceedings, 2002 National Monitoring Conference, National Water-quality
Monitoring Council (http://www.nwgmc.org/). Available on the internet at:
http://wy.water.usgs.gov/YELL/nwgmc/nwgmc.pdf

a. This study was performed in August 2000 as part of the National Water-Quality
Assessment Program (NAWQA). This study indicated that the trophic condition of the
Yellowstone River and its major tributaries during low-flow conditions was better
represented by algal biomass and community autecology than by nutrient concentrations
in water samples. This report characterized nutrient concentrations as generally low
throughout the length of the Yellowstone River. This study concluded that accelerated
eutrophication processes may be occurring in the upper segments of the Yellowstone
River. While nuisance filamentous algal growths are currently restricted to the middle
portions of the Yellowstone River and the mouths of major tributaries, increases in the
percentage of eutrophic algae at other sites may represent the first stages of water-
quality degradation. Currently, the availability of dissolved nitrogen appears to be a
controlling factor in the upper and middle reaches of the Yellowstone River. Low
dissolved nutrient concentrations in the upper and middle segments of the river may
reflect high rates of nutrient uptake by benthic algae. Residential development along
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some river segments and irrigated agriculture practices along other segments were cited
as potential sources of nutrients that could sustain large amounts of algae biomass (Zelt
et al., 1999).

8. Organic Compounds and Trace Elements in Fish Tissue and Bed Sediment from Streams
in the Yellowstone River Basin, Montana and Wyoming, 1998. (Peterson, D.A., and G.K.
Boughton 2000). Bed-sediment samples were collected at 24 sites and fish tissue samples were
collected at 21 sites in 1998 as part of the National Water-Quality Assessment Program
(NAWQA). Sampling took place between late-July and late-September in 1998. Six sites in this
study are pertinent to the data collection efforts for the mainstem of the Yellowstone River:

o Yellowstone River at Corwin Springs

o Yellowstone River at Billings

o Yellowstone River at Forsyth

o Yellowstone River near Sidney

o Clarks Fork Yellowstone River Yellowstone River at Edgar
o Powder River near Locate (no fish tissue samples)

The report presents results and implications of trace elements, organochlorine insecticides,
metabolites, and other organic compounds detected in fish tissues and bed-sediments at the six
mainstem study sites as well as at other sampling sites in the Yellowstone River basin.

9. Element Concentrations in Bed Sediment of the Yellowstone River Basin, Montana, North
Dakota, and Wyoming--A Retrospective Analysis. (Peterson, D.A., and R.B. Zelt 1999). This
retrospective analysis, which was conducted as part of the National Water-Quality Assessment
Program (NAWQA), examined approximately 13,000 bed-sediment samples collected between
1974 and 1979 as part of the Hyrogeochemical and Stream Sediment Reconnaissance (HSSR),
which was part of the National Uranium Resource Evaluation program (NURE). The report
concluded that a small percentage of the samples had chromium, copper, lead, nickel, or zinc
concentrations that exceeded sediment-quality assessment values for the protection of aquatic
life. The highest concentrations of chromium, copper, nickel, and zinc tended to be located in the
western part of the study unit, in areas of crystalline rocks of Precambrian age and volcanic rocks
of Tertiary and Cretaceous age.

10. Model-Based Nitrogen and Phosphorus (Nutrient) Criteria for Large Temperate Rivers: 2.
Criteria Derivation 2014. (Suplee, M\W., K.F. Flynn, and S.C. Chapra. 2014). Numeric nutrient
standards for total nitrogen and total phosphorus were developed for two segments of the Lower
Yellowstone River using a process-based model (QUAL2K). Limits of 150 mg Chla per square
meter, 5 milligrams per liter Dissolved Oxygen concentration and hydrogen ion concentration (pH)
values between 6.5 and 9.0 as representative ecological variables stipulated in existing water-
quality standards were used to protect recreation uses and aquatic life related to modeled nutrient
values. This paper describes the process and rationale for model development along with
considerations for use. Criteria thresholds of 55 micrograms total phosphorus per liter and 655
micrograms total nitrogen per liter was recommended between the Bighorn River and the Powder
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11.

12.

111

River. Recommended criterion for downstream of the Powder River are 95 micrograms total
phosphorus per liter and 815 milligrams total nitrogen per liter.

Yellowstone River Historical Retrospective Completion Report. (Confluence Consulting, Inc.,
2003). This report summarizes a review of historical information for the Yellowstone River
mainstem regarding fish, water quality, fluvial geomorphology, vegetation, and wildlife activity
prior to 1900. Academic studies, historical records, archival documents, photographs, and maps,
interviews, and other sources were used to create the summary and accompanying database of
annotated comments. The information is useful in gaining a large scale view of conditions pre-
and post-settlement. Increased turbidity and sediment loads below the mouths of the Clarks Fork
Yellowstone River, Bighorn, Powder and Tongue were noted. An increased amount of sand and
gravel bars were noted downstream of the Tongue River, while the bars were comprised primarily
of sand and mud downstream of the Powder River.

Assessing Site Specific Management Strategies to Reduce Nutrient Export from the
Yellowstone River Basin Using Spatially Explicit SPARROW Models. Yellowstone Basin
(Frankfurter, JD. P.R. Wright, D.M. Robertson, and D.A. Saad 2015. SPAtially Referenced
Regression on Watershed attributes (SPARROW) models were developed for the Missouri River
basin by the USGS (Brown et al., 2011, Robertson et al. 2014) as part of a national assessment
of nutrient sources and transport mechanisms in six major regions of the US. For additional
information see http://water.usgs.gov/nawqa/sparrow/. The modeling was conducted as part of
the USGS’s NAWQA program. SPARROW, a nonlinear regression model, was used to relate
annual nutrient loads based on monitoring data to spatially-referenced watershed characteristics
pertinent to nutrient sources and transport factors present in the early 2000s. To assist in the
evaluation of water-quality considerations in the Yellowstone River CEA, the SPARROW model
results were clipped to the Yellowstone River's 45-million-acre (182 thousand km?) watershed in
Wyoming, North Dakota and Montana. Results were organized by eight-digit Hydrologic Unit
Code (HUCS) for the base year (Robertson and Saad, 2013). Nutrient outputs were expressed as
yields rather than loads to better assist users in understanding nutrient sources and the
movement of nutrients through the Yellowstone system. Outputs of the modeling include the
identity and source of primary nutrient (delivered aggregated yields of total nitrogen (N) and
phosphorus (P)) sources and terrestrial and aquatic transport factors; predictions of N and P
loads yields and concentrations throughout the Missouri River system; and an evaluation of the
effect of lake and reservoir attenuation and irrigation on nutrient loads. Model outputs were
updated to reflect 2012 census of agriculture data. Several management scenarios were run to
evaluate the effect of changes in population, fertilizer application, and other nutrient sources in
reducing nutrient transport.

Major Findings in Support of Cumulative Effects Analysis

The primary findings of the riparian and related land use analysis that may support multiple aspects of the
CEA include the following:

By most classic measures of water-quality, the Yellowstone River’s water quality has improved
over the past few decades as a result of improved treatment of industrial and municipal waste
discharges, however, indicators of eutrophication are present in the middle portions of the river.

Total Dissolved Solids (TDS) in water, as expressed by Specific Conductivity (SC) is inversely
related to discharge and varies by location, generally increasing in a downstream direction.
Human influences have likely elevated SC in the lower watershed but the degree of change is not
known. Current TDS and SC values in the Yellowstone River do not appear to adversely affect
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beneficial uses. Further decreases in discharge as a result of withdrawals or climate change will
result in higher TDS and SC values which could begin to affect beneficial uses in the lower
watershed.

e The Yellowstone River is a minor source of nutrients to the Gulf of Mexico, however as one of the
headwaters of the Mississippi River, nutrient sources are expected to be low.

¢ Nutrient concentrations in the Yellowstone River are greatest during winter months when there is
less dilution of nutrient-rich ground water and algae is not actively growing. Nutrient
concentrations increase in a downstream direction.

o Nitrogen concentrations are not directly correlated to streamflow since groundwater delivers a
substantial portion of the total annual N load to the stream. The Clarks Fork Yellowstone River,
Bighorn and Powder Rivers delivery sizeable loads of total N to the Yellowstone River system.
The top three SPARROW model predicted delivered aggregated yields of total nitrogen in the
Yellowstone River are from the Shoshone River in Wyoming and the Yellowstone - Pompeys
Pillar and Yellowstone - Lake Basin Hydrologic Units (8-digit HUCs). Fertilizer and atmospheric
deposition are the primary sources predicted by the model.

¢ Phosphorus (P) concentrations in the Yellowstone are highly correlated to discharge as sediment
particles carry attached phosphorus. As a result, total P concentrations are highest in spring
during runoff and increase moving downstream. The SPARROW model predicted that the Lower
Bighorn watershed contributed the highest delivered aggregated yield of total phosphorus to the
Yellowstone basin followed by the Yellowstone - Pompeys Pillar and the Little Bighorn
watersheds. Manure, fertilizer, and natural sources were the largest model-predicted origins of
total phosphorus in the Yellowstone River basin.

¢ Suspended sediment concentrations increase in a downstream direction. Suspended sediment
loads in tributaries are positively related to drainage area, geologic and soil characteristics,
rangeland area, and the extent of Tertiary-period sedimentary rocks. The Powder River and
Clarks Fork Yellowstone River contributed 270 and 420 tons per square mile (1999-2001)
respectively to the Yellowstone. The suspended sediment load in the upper Bighorn River in
Wyoming was greater for the same time period however, delivery to the Yellowstone River was
drastically reduced due to sediment retention in Bighorn Lake.

o Water temperature varies daily, seasonally, and generally (excepting near Corwin Springs
thermal discharge) increases (in summer) in a downstream direction. Due to limitations in the
available record, statistical determination of change in summer water temperature is not possible,
although some slight increase in recent years is noted. Further decreases in stream discharge,
notably in late summer and early fall as a result of additional water withdrawals or climate change
will result in higher water temperature which could affect beneficial uses in affected reaches.

o Alterations to the hydrology and suspended sediment content of Bighorn River flows have
affected the water quality and ecology of the Yellowstone River below the confluence. Dam-
regulated discharges have reduced sediment delivery to the Yellowstone as well as elevated
winter water temperatures below the confluence. Yellowtail Dam also appears to attenuate total
dissolved solids and phosphorus attached to sediment.

¢ Indicators of water-quality and habitat degradation were noted in the Clarks Fork Yellowstone
River Yellowstone and Bighorn Rivers relative to algal biomass, macroinvertebrate indices (EPT)
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and fish anomalies. Similar indicators were also seen at sites on the Yellowstone River (Billings
and Forsyth) below the confluence with these tributaries. Indicators of moderate eutrophication
were noted in the middle Bighorn River near Hardin. Higher nutrient concentrations were also
noted in both the Clarks Fork Yellowstone River and Bighorn Rivers.

e Concentrations of some trace elements (metals) in the Yellowstone River are generally below
human health standards in surface water and sediment samples, however a few sites show
elevated levels, thought to be primarily related to natural sources. Arsenic concentrations in the
Yellowstone River near Corwin Springs and as far downstream as Billings exceeded the US EPA
and Montana standard of 10 ug/L in some samples that also represent possible adverse impacts
to aquatic life. Mercury levels in Yellowstone River fish tissue samples are comparatively higher
than in many other basins in the country and are thought to be related to chemical and physical
processes in reservoirs within the basin. Concentrations of some metals are much higher in
tributaries such as the Powder, Little Powder, Bighorn, and Shoshone Rivers and in Soda Butte
Creek.

e An array of herbicides and insecticides and breakdown products were detected in the
Yellowstone River and adjacent groundwater, however the concentrations did not exceed state
standards for drinking water and aquatic life. Herbicides were detected more frequently than
insecticides. The number of detections increased going downstream. Atrazine, a very mobile
herbicide was the most frequently detected pesticide in surface and ground water samples.
Yellowstone detections ranked in the lower 25™ percentile of concentrations measured
nationwide.

e Yellowstone fish tissue samples showed greater concentrations of organochlorine pesticides and
PCBs than did sediment samples. Concentration of organochlorine pesticides in fish tissue and
sediment were primarily linked to historic use of DDT in the upper watershed. Concentrations of
semi-volatile organic compounds were greatest in urban areas such as near Billings (Reach B2)
where concentrations of multiple polycyclic aromatic compounds detected were below aquatic life
standards but high enough to potentially cause adverse effects to aquatic life.

e Continued hydrologic modifications as a result of increasing water consumption and/or climate
change may seasonally impact water quality as less water is available for dilution of pollutants.
Diminished discharge can also be a major factor in elevating water temperature during low flow
periods.

o Pollutants related to industrial wastewater discharges have been detected in water and sediment
samples in the Yellowstone but at relatively low levels below human and aquatic health
standards. Improvements in wastewater treatment technology should lead to no further issues
unless growth and expansion of industry in the basin leads to added pollutant loads.

e Pharmaceutical compounds were not evaluated in detail as part of this study but are noted to be
issues that should be addressed in the future since many compounds have been detected in the
River’'s water. While detected at very low concentrations, safe levels for aquatic and human life of
many of these compounds have not been confirmed nor have their cumulative impact when jointly
present. Current wastewater treatment technology as well as septic disposal systems does not
substantially alter these compounds. Further study and monitoring of these compounds is
recommended to help future water users develop safe use and discharge practices and treatment
options.
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e Contribution of pollutants to the Yellowstone River from domestic septic tanks is largely an
unknown quantity. Unless properly installed and maintained, septic tanks are thought to be a
potential source of nutrients and bacteria in developed river segments. The net area of high risk
septic tank ratings increased by nearly 250 acres between 1990 and 2010 while the net area of
moderate risk ratings increased by almost 2,000 acres. The greatest increase in both categories
took place in Reach B1. The area of high risk septic tank ratings increased by xx between
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2.0 SUMMARY OF EXISTING DATA

Water quality, bed and suspended sediment, and fish tissue data for the CES reaches has been compiled
using a number of data sources and correlated to one of the eleven Montana Department of
Environmental Quality (DEQ) Assessment Unit IDs (AUIDs) for the Yellowstone River. Analysis of US
Geological Survey (USGS) records at the ten Yellowstone River mainstem gaging stations (Table 2-1 and
Figure 2-1) along with other analytic results downloaded from the Water-quality Portal were used to
characterize past and present conditions on the Yellowstone River. Table 2-1 also provides a general
correlation of USGS gages with the geomorphic reaches established for the Yellowstone River. Records
from the Yellowstone Lake Outlet USGS Station Number 06186500 were not included in this analysis
since it does not represent conditions within the project area. 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
Yellowstone River of the Yellowstone which enters above the station. Similarly, the Forsyth station
integrated the Bighorn River and the Glendive station integrates the effect of the Powder River on
Yellowstone River waters. 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
indicated as appropriate.

2.1 Water and Sediment Quality

Water quality of the Yellowstone River is sensitive to geographic location since common 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.

2.1.1 Hydrogen-ion (pH) concentration

Hydrogen-ion (pH) concentration measures 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 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 is typically not outside of
established Montana or North Dakota water-quality standards for pH (Miller et al. 2005).

2-1 April 2015
Technical Appendix 5: Water Quality



Yellowstone River Cumulative Effects Assessment USACE Omaha District

Table 2-1
USGS stations along the Yellowstone River in Montana and North Dakota.

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 A1-A4
06214500 Yellowstone River at Billings, MT A5 — B1
06295000 Yellowstone River at Forsyth, MT B2 -C10
06309000 Yellowstone River at Miles City, MT C11-C16
06327500 Yellowstone River at Glendive, MT C17 - D5
06329500 Yellowstone River near Sidney, MT D6 — D12
06329610 Yellowstone River No. 2 near Cartwright, ND D13 - D16
Figure 2-1 Map of Yellowstone River fixed stream gage and water-quality stations operated by

the USGS. Periods of record vary and not all stations have the same data available.
For a list of Montana stream gages operated by the USGS in Montana see
http://waterdata.usgs.gov/MT/nwis/current/?type=flow.

2.1.2 Dissolved oxygen
Dissolved oxygen (DO) measures how much oxygen is dissolved in water. Dissolved oxygen comes from
the atmosphere and from photosynthesis by aquatic plants, and is depleted through chemical oxidation
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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). The
maximum solubility of oxygen in water at 1 atm pressure (standard air pressure at sea level) ranges from
about 15 milligrams per liter (mg/L) at O degrees Centigrade (°C) to 8 mg/L at 30°C. As such, water near
freezing temperatures holds twice as much dissolved oxygen as does warm water (Wetzel, 2001).
Concentrations of DO are generally 8 to 10 mg/L or near saturation. Water-quality standards for DO are
based on aquatic life stages present rather than a single concentration (MDEQ, 2012). Yellowstone River
water typically has high levels of dissolved oxygen because it is always flowing and mixing and doesn’t
have large, active sources of depletion found in slower moving or still water however, several instances of
low DO levels below the Billings area (B3-B4 during summer 2010) may be related to the 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).

2.1.3 Total Dissolved Solids

Total Dissolved Solids (TDS) in water is a measure of the amount of dissolved material in water. TDS
includes sodium, calcium, magnesium, bicarbonate, chloride and other 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. Dissolved solids concentration is often expressed as
electrical conductivity (EC) in units of microsiemens per centimeter (uS/cm). EC is a measure of the
capacity of water to conduct electricity; the more ions in water, the more electricity is conducted. Specific
conductance or conductivity (SC) is EC at a constant temperature of 25°C. EC varies with water
temperature so the constant of 25°C is used for comparison. SC values at USGS gage sites on the
Yellowstone River are inversely correlated to discharge (Figure 2-2 to Figure 2-8) and increase in
response to decreases in discharge which may be an issue given diminished discharge over time and
potential decreases in the future (Appendix 3 Hydrology). Concentrations of dissolved solids in the
Yellowstone River generally increase in a downstream direction (Figure 2-9) as the increasingly larger
watershed concentrates naturally weathered minerals. Median dissolved solids concentrations in the
Yellowstone River increased from 152 mg/L near its mountainous 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 1.0 are considered good for most uses, with
irrigation generally having the greatest sensitivity since plant functions are affected by higher EC values.
Currently, we are not able to say with certainty how much TDS or EC concentrations have increased in
the Yellowstone River since long-term, statistically comparable information is not available. Certainly,
values have increased in the lower watershed, but we do not know to what extent.

Neither Montana nor North Dakota have established numeric water-quality standards for EC in the
Yellowstone River. Montana has designated seasonal numeric 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 ground water
discharges in Wyoming and Montana as part of expanding coal-bed natural gas (CBNG) development
and production. CBNG development involves de-watering coal seams to release trapped natural gas.
Pumped CBNG ground water is typically stored or released to nearby drainages after the gas is trapped
and stored. Statistically significant upward trends in EC concentrations and for associated sodium
absorption ratio (SAR) values at some sampling sites on the Tongue and Powder Rivers has been noted
and possibly attributed to CBNG production and other sources (Sando et al., 2014; Clark, 2012).
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Figure 2-2 Specific conductivity (electrical conductivity uS/cm at a constant of 25°C) correlates very well with discharge (cubic feet
per second) at the USGS Corwin Springs Sta. No. 06191500. Runoff from ground and surface water in the headwaters of
the Yellowstone is relatively low in dissolved solids excepting thermal features in the Park. Increasing flow dilutes salts
and other soluble materials derived from bedrock and alluvium
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Figure 2-3 Specific Conductance (uS/cm at 25°C) at Livingston is elevated slightly from the levels shown for Corwin Springs but is
still relatively low and represents natural conditions for the upper river.
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Figure 2-4 Specific conductivity (uS/cm) at Billings begins to show greater variability and elevated values as tributaries contribute
waters from different sources, particularly the Clarks Fork Yellowstone River of the Yellowstone.
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Figure 2-5 Specific conductivity (uS/cm) at Forsyth exhibits greater values going downstream as the cumulative catchment area
drains land with increasingly higher salt content and as ground water and irrigation returns flows containing leached salt
constitute a greater portion of the instantaneous discharge.
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Figure 2-6 Specific conductivity (uS/cm) data at Miles City shows the influence on the Yellowstone of the somewhat less salty
Tongue River which drains from the north end of the Bighorn Mountains and exhibits more of a classic snowmelt driven
system as opposed to a prairie system.
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Figure 2-7 Specific conductivity (uS/cm) values at Glendive reflect a return to the trend in higher downstream conductivity with the
monitoring site located well below the confluence with the Powder River. With multiple influences on water chemistry,
the correlation between discharge and conductivity is evident but statistically diminished.
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Figure 2-8 The USGS gage at Sidney represents the water quality of the final 75 miles or so of the Yellowstone River water before
the confluence with the Missouri. Conductivity (uS/cm) continues to increase but still retains a good relationship to
discharge and appears to still be within the expected range given the environmental setting.
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Figure 2-9 Range of values for Specific Conductivity (uS/cm) at seven fixed—station USGS gages along the Yellowstone River.
Values increase going downriver as salts and other dissolved ions accumulate.
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2.1.4 Nutrients

Nutrients — primarily phosphorus and nitrogen, play an important role in the growth of nearly all
organisms. However, when they are excessively present in water they are then designated as a water
pollutant (EPA 2014). The primary effect of excessive nutrients in rivers, lakes, and streams is to
stimulate algal and aquatic plant growth (Frankforter et al. 2015). Excessive algal growth creates multiple
problems for human users and aquatic organisms. The process of excess nutrients producing plant and
algal growth responses in waterways is known as eutrophication (Chislock et al., 2013). Eutrophication is
a natural process that occurs over millennia but human activities that increase the availability of nutrients
can accelerate the process in aquatic ecosystems and produce undesirable results. Some algal species
produce potent toxins that kill humans, livestock, and aquatic and terrestrial wildlife (USGS, 1999). 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). Table 2-2 lists common problems associated with an over-abundance of algae
in waterways.

Table 2-2
Common problems associated with an over-abundance of algae in waterways.
Impacts to Human Uses Impacts to Aquatic Uses

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

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 are  Increased probability of fish kills due to

restricted depleted dissolved O;

Fouling of submerged infrastructure Toxin producing algae (moreso in reservoirs)

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

aesthetics)

Lost tourism income

Source: Smith et al. (1999) and Dodds et al. (2009) cited in Flynn and Suplee 2013).

In 2001, Miller et al. (2005) evaluated nutrient concentrations at 10 fixed station sites throughout the
Yellowstone River basin based on sampling conducted as part of the National Water-Quality Assessment
Program during 1999-2001. Four sites were located on the mainstem: Corwin Springs, Billings, Forsyth,
and Sidney. Nutrient concentrations throughout the Yellowstone Basin generally were low and indicative
of the relatively undeveloped conditions in the basin; however, some nutrient concentrations were found
that correlate with human influences. Nutrient concentrations varied by season. Dissolved nitrate
concentrations generally were greatest between October and March when plant growth and nutrient
uptake is low. Total phosphorus concentrations were largest between April and June when suspended

April 2015 2-12
Technical Appendix 5: Water Quality



USACE Omaha District Yellowstone River Cumulative Effects Assessment

sediment in runoff is also at its peak concentration (Miller et al., 2005). Median dissolved-nitrate
concentrations in all samples from the 10 fixed sites ranged from 0.04 milligram per liter to 0.54 milligram
per liter. Flow-weighted mean dissolved-nitrate concentrations were positively correlated with increasing
agricultural land use and rangeland on alluvial deposits upstream from the study sites and negatively
correlated with increasing forested land. Samples collected from the Yellowstone River at Corwin Springs,
Montana, had the greatest ammonia concentrations. The site is downstream from Yellowstone National
Park and is influenced by geothermal spring waters that are high in ammonia. Median total phosphorus
concentrations ranged from 0.007 to 0.18 mg/L. Median total phosphorus concentrations exceeded the
U.S. Environmental Protection Agency’s recommended goal of 0.10 milligram per liter for preventing
nuisance plant growth for samples collected from the Bighorn River, Powder River, and Yellowstone River
(Miller et al., 2005).

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 and were highest in the
winter. Median nitrate concentrations were below reporting levels in July and August (Miller et al., 2005)
(Peterson et al. 2004). Total nitrogen ranged from 0.3 mg/L to 0.4 mg/L (Peterson et al. 2000). Nitrate
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 Yellowstone River 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 Yellowstone River Yellowstone River, respectively, while
the Bighorn (BH2) had an instantaneous dissolved nitrate load of 775 kg/d. Total phosphorus
concentrations increased from 0.016 mg/L at Corwin Springs) to 0.038 mg/L in the lower segments of the
river.

Flynn et al. (2014) developed numeric nutrient criteria for the lower Yellowstone River which is based on
avoiding nuisance benthic algal growth (>150 milligrams per square meter) to protect recreational uses.
Table 2-3 provides the numeric nutrient criteria the authors developed using a mechanistic computer
model for two segments of the lower Yellowstone River. Development of numeric criteria using a similar
modeling process for upper sections of the river is in progress.

Table 2-3

Nutrient criteria developed using a mechanistic computer model for two segments of the lower
Yellowstone River. The derived values for total nitrogen and phosphorus were found to be
protective of the recreational use which the authors determined to be less than 150 mg/m?

chlorophyll a (Flynn et al., 2014).

River Segment Total Nitrogen (ug/l) Total Phosphorus (ug/l)
Bighorn River to Powder River 655 55
Powder River to North Dakota State Line 815 95

Although concentrations of common forms of nutrients (total nitrogen, dissolved nitrate, dissolved
phosphorus and total phosphorus) have been found to occur at relatively low values, nutrient enrichment
in the upper and middle Yellowstone (Regions, PC, A, B, and C) and major tributaries (Clarks Fork
Yellowstone River, Bighorn and Powder Rivers) has been recognized through various investigations
(Peterson and Porter, 2002; Peterson et al., 2004). Algal biomass and autecological (relationship

between an organism and its environment) indicators reflect eutrophic conditions and nuisance growths of
filamentous algae in certain river segments (Peterson and Porter, 2002). The authors suggest that
nutrient uptake by benthic algae are responsible for the relatively low observed dissolved nitrate values.
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Eutrophic diatoms were common in the Bighorn and Clark’s Fork Rivers. 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 where highest in the middle
sections of the Yellowstone River and appeared to be related to inflows from the Clarks Fork Yellowstone
River and Bighorn Rivers. A maximum chlorophyll a concentration of 797 mg/m? was recorded in the
Yellowstone River at Billings (Reach B2).

Potential sources of nutrients that could drive the observed response of algal biomass are atmospheric
deposition, upstream residential development, and irrigated agriculture (Flynn and Suplee, 2013; 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 responses in western streams have been associated with increases in rural and residential
development in the west, although point sources in the Laurel to Billings reach have been calculated to
contribute less than 30 percent of the nitrate load compared to non-point source loads contributed by the
Clarks Fork Yellowstone River (Newby, cited in Peterson and Porter, 2002). Non-point sources of
nutrients are natural sources, fertilized agricultural crops, and rural residential sources (septic tanks, lawn
fertilizer, and domestic animal waste). Turbidity associated with suspended matter that suppresses
available light in the lower river below Forsyth likely plays a role in suppressing biomass production there.

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. A ratio of 16
nitrogen to 1 phosphorus is generally considered to be the ideal nutrient ratio for plant growth (Redfield,
1958 cited in USEPA, 2004). With phosphorus generally abundant, additional inputs of nitrogen
increasingly drive primary production up to the point the 16:1 ratio is attained. The utilization of further
nitrogen is then limited by the availability of phosphorus. With relatively large amounts of phosphorus
available in the Yellowstone, attention should be given to ensure that sources of added nitrogen do not
increase the moderate levels of eutrophication already observed in the middle and upper river.

In addition to the evaluation of instream impacts of elevated nutrients in the Yellowstone River, we also
evaluated the relative impacts of nutrient export from the Yellowstone River, particularly into the
Mississippi River system and eventually the Gulf of Mexico where nutrient blooms have been reported
(Brown et al. 2011) (Robertson et al. 2014). 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 forces 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

Results of the SPARROW model for the Yellowstone River indicate that the estimated delivered
aggregated yield of total nitrogen to the Gulf of Mexico is only 12.34 kg/km?/yr (0.11 Ibs./acre/year)
compared to other Mississippi River tributaries that contribute up to an estimated 1,318 kg/km? (11.8
Ibs./acre) (Frankforter et al. 2015). The top 20 HUCS8s were ranked to indicate those yielding the greatest
total nitrogen yield (Figure 10). The top 20 HUCS8s are projected to cumulatively contribute 83 percent of
the delivered aggregated total nitrogen yield in the basin. The SPARROW model predicted the largest
source of total nitrogen in the basin is the Shoshone River basin in Wyoming followed by the Upper
Yellowstone — Pompeys Pillar and the Upper Yellowstone — Lake Basin. Farm fertilizers (41 percent) and
atmospheric deposition (30 percent) were the primary sources of delivered nitrogen. Error! Reference
source not found. through Figure 2-12 depict the relative model-derived contributions and sources of
total nitrogen yield in the Yellowstone basin. It is noted that while many of the HUCB8s derived total
nitrogen yield from many sources, the dominant projected source of nitrogen within the Upper
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Yellowstone-Pompeys Pillar HUC8 is WWTPs, potentially contributing up to 36 percent of the total
nitrogen contributed by this HUCS. It should be recognized, however, that this estimate is based on 2002
discharge contributions and does not include more recent modifications to the efficiency of the WWTPs in

the HUC.

Figure 2-10 Locations of the twenty watersheds (as defined by 8-digit hydrologic unit
code) with the highest predicted delivered aggregated yield of total
nitrogen (in kilograms per square kilometer per year) within the
Yellowstone River Basin in Montana, Wyoming, and North Dakota.
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Figure 2-11 Predicted sources of the delivered aggregated yields of total nitrogen in the
Yellowstone River Basin (in percent contribution). Farm fertilizer and atmospheric
deposition are the greatest relative sources of total nitrogen in the Yellowstone
River watershed.

Figure 2-12 Sources of the predicted yields of delivered aggregated nitrogen yields by
hydrologic units within the Yellowstone River Basin (in kilograms per square
kilometer per year).
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The SPARROW estimate of the delivered aggregated yield of phosphorus to the Gulf is 2.73 kg/km?/yr
(0.024 Ibs./acre/year) as opposed to other drainages contributing as much as 187 kg/km?/yr (1.66
Ibs./acrelyear) (Frankforter et al. 2015) 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) Figure 2-13. The largest predicted sources of
total phosphorus delivered aggregated yield in the basin were from a diverse number of sources including
natural sources (stream channel — 39 percent)), livestock manure (confined and unconfined — 22

Figure 2-13 Locations of the twenty watersheds (as defined by the 8-digit hydrologic unit code)
with the highest predicted delivered aggregated yield of total phosphorus (in
kilograms per square kilometer per year) within the Yellowstone River Basin in
Montana, Wyoming, and North Dakota.
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percent) ), and forest and wetlands — 17 percent origins. The top 20 HUC8s were ranked to indicate those
yielding the greatest total phosphorus yield. The top 20 HUCS8s are projected to cumulatively contribute
72 percent of the delivered aggregated yield of total phosphorus in the basin. Figures 2-14 and 2-15
depict the relative model-derived contributions and sources of total phosphorus delivered aggregated
yield. 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 watershed approach to have any level of success.

Figure 2-14 Predicted sources of the delivered aggregated yields of total phosphorus in the
Yellowstone River Basin (in percent contribution)
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Figure 2-15 Sources of the predicted yields of delivered aggregated phosphorus yields by
hydrologic units within the Yellowstone River Basin (in kilograms per square
kilometer per year).

Using the SPARROW Decision Support (DSS) tool (http://cida.usgs.gov/sparrow/) Frankforter et al.(2015)
modeled several scenarios to evaluate the effects of changing nutrient inputs from a variety of sources.
Two scenarios were evaluated for nitrogen reduction using 10 and 15 percent decreases in fertilizer use
as a result of the potential implementation of practices such as slow release fertilizers, variable rate
fertilizer application, and overall reduction in fertilizer use. The result of these two scenarios showed the
greatest reductions occurred in HUCs with substantial ag lands where the total aggregated nitrogen yield
declined by 18 kg.km?/year (11 percent), however, fertilizers remained the largest predicted relative
source of total nitrogen despite the reductions in inputs. Figure 2-16 shows the results of the nitrogen
fertilizer reduction scenario for the 20 top-ranked HUCs.
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Figure 2-16 Changes in the predicted yields of total delivered aggregated nitrogen yields by
hydrologic units within the Yellowstone River Basin (in kilograms per square
kilometer per year) with 10 and 15 percent reductions in contributions of fertilizer.

Modeled population changes within the Yellowstone River basin were also evaluated as scenarios.
Population census updates for the 2002 to 2012 period and projected population estimates to 2022 were
evaluated to see what impact on nutrients might occur. A 12 percent increase in population and a
corresponding six percent increase in WWTP inputs was used to model the 10-year period and double
that was used for the 20-year period. The results of the model runs are shown in Figure 2-17. While the
projected total nitrogen yield from WWTPs in the Upper Yellowstone-Pompeys Pillar HUC8 was the
greatest noted (43 percent), the output of the two scenarios showed only a 3 and six percent increase
respectively in the predicted total nitrogen yield.

Figure 2-17 Changes in the predicted yields of delivered aggregated nitrogen yields by
hydrologic units within the Yellowstone River Basin (in kilograms per square
kilometer per year) with increases in urban (12 percent and 24 percent) and
waste water treatment plant (6 percent and 12 percent) contributions.
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A fifth scenario evaluated a 25 percent reduction in contributions from WWTPs. Decreases in total
nitrogen yields were projected to be between one and 11 percent. As expected, the greatest change was
observed in the Upper Yellowstone-Pompeys Pillar HUCS8. Figure 2-18 depicts the predicted changes as
a result of the 25 percent reduction scenario for WWTPs.

Figure 2-18 Changes in the predicted yields of delivered aggregated nitrogen
yields by hydrologic units within the Yellowstone River Basin (in
kilograms per square kilometer per year) after decreasing input
from WWTPs by 25 percent.

Four modeling scenarios were run to evaluate how aggregated total phosphorus yields would change with
modifications to total phosphorus inputs from various sources. Changes in fertilizer applications resulted
in little (zero to nine percent) change in predicted total phosphorus yields (Figure 2-19). Scenarios
evaluating decreases from reduced channel erosion showed greater responses with decreases of up to
17 percent in total phosphorus yields (Figure 2-20). Finally, changes to WWTP efficiency in removing
phosphorus were evaluated using a 50 percent decrease (Figure 2-21). The only HUC8 with a substantial
change was in the Upper Yellowstone-Pompeys Pillar HUC8 which predicted a 19 percent reduction in
total phosphorus yield.
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Figure 2-19 Changes in the predicted yields of delivered aggregated phosphorus yields by
hydrologic units within the Yellowstone River Basin (in kilograms per square
kilometer per year) with 10 and 15 percent reductions in contributions of fertilizer.

Figure 2-20 Changes in the predicted yields of delivered aggregated phosphorus yields by
hydrologic units within the Yellowstone River Basin (in kilograms per square

kilometer per year) with a 5 percent reductions in contributions from the stream
channel.

April 2015 2-22
Technical Appendix 5: Water Quality



USACE Omaha District Yellowstone River Cumulative Effects Assessment

Figure 2-21 Changes in the predicted yields of delivered aggregated phosphorus yields by
hydrologic units within the Yellowstone River Basin (in kilograms per square
kilometer per year) after decreasing inputs from WWTPs by fifty percent.

2.1.5 Trace Element

Trace Element concentrations generally were within guidelines in water samples for sites 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 exceeded
the drinking-water Maximum Contaminant Level (MCL) of 10 pg/L (MDEQ 2012). For comparison, the
median concentration of arsenic at Sidney was 3.25 pg/L in 2014. Seventy-eight percent of samples at
Corwin Springs exceeded the MCL while at Billings, 60 percent were above the drinking water MCL.
Ingestion of elevated arsenic has been shown to cause skin and circulatory ilinesses 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., 2004).

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 ug/L. Elevated values may be problematic as selenium can be bioaccumulated in the
food chain to toxic levels in organisms causing reproductive problems.

Peterson et al. (2000) reports 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 time-period
volcanic rocks. Median arsenic concentration was highest at the sites located in the Cretaceous
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sedimentary 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 2-4. The Yellowstone River analytic results were within the range of historical
observations (1974-1979) reported for the respective geologic time periods within the region.

Guidelines developed by the Canadian Council of Minister of the Environment (2000) (available on the
internet at: http://www.ec.gc.ca/ceqg-rcqe/English/Pdf/sediment_protocol.pdf) are used as a reference
since there are no criteria for trace elements in sediment in Montana. The Canadian guidelines provide
two levels of effect: a lower level, referred to as an interim sediment quality guideline (ISQG), and an
upper value, referred to as the probable effect level (PEL). Concentrations above the PEL are expected to
be frequently associated with adverse biological effects on aquatic life, while effects are occasionally
observed between the ISQG and PEL levels. The highest arsenic concentration (41 ug/g) in the
Yellowstone River basin occurred at Corwin Springs, which was the only site that exceeded the PEL of 17
micrograms per gram (ug/g). Chromium exceeded the ISQG of 37.3 ug/g at all 24 sites. The PEL of 90
Mg/g was exceeded at nine sites, with a maximum concentration of 180 ug/g at Corwin Springs. The
Billings site was the only other Yellowstone River mainstem site to exceed the PEL for chromium, with a
value of 100 pg/g. Copper exceeded the ISQG of 35.7 ug/g at eight sites, including at Corwin Springs and
Billings, along with the Clarks Fork Yellowstone River. None of the samples approached the PEL of 197
Mg/g. Lead exceeded the ISQG of 35 ug/g at two sites, neither of which were on the mainstem of the
Yellowstone River.

Table 2-4
Bold face numbers designate sediment samples in which a trace element exceeded the respective
PEL. "Source: Peterson and Boughton 2000. Values are in micrograms per gram (ug/g) dry weight.

Site Name Arsenic Chromium Copper Lead
Corwin Springs 4 180 39 21
Billings 15 100 36 29
Forsyth 11 93 23 18
Sidney 8.8 74 20 17

The Yellowstone River NAWQA Program also collected fish tissue and bed sediment samples in 1998 at
five sites in the basin for the purpose of mercury analysis. One set of Yellowstone River tissue and
sediment samples was obtained at Sidney. As reported by Miller et al. (2000) 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 (USEPA, 1992 cited in Miller et al., 2000). Bed sediment collected at Sidney contained 18.7
nanograms/gram (ng/g) of mercury (Peterson and Boughton, 2000). Methyl-mercury, the most toxic form
of mercury, was not detectable in the Sidney sediment sample. A sediment sample from the Tongue
River at the Montana state line had 11 percent of the total mercury in the methyl form. The Montana
Department of Public Health and Human Services (MDPHHS) has a fish consumption advisory of 1 part
per million (ppm) equivalent to 1 mg/l methyl mercury in fish tissue according to its 2014 Compliance
Policy Guide (Sec. 540.600). Consumption of methyl mercury can cause a variety of health problems in
humans. Reduced fertilization of fish eggs has been noted in a South Dakota study (Selch et al., 2007)
evaluating the impact of elevated methyl mercury levels in lakes. 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).
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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., 2000) which is nearby and likely is representative of
mercury transport and residence in the basin. The Montana Department of Fish, Wildlife and Parks 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 (Montana Department of Fish, Wildlife and Parks, 2014).

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 sites. No Yellowstone River fish tissue samples exceeded selenium threshold concentrations
associated with injurious effects to aquatic life (Peterson and Boughton, 2000).

216 Pesticides

The Yellowstone NAWQA program also investigated and evaluated the occurrence of man-made organic
pesticides in the basin during January 1999 to September 2001) and more recently in 2014. 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 Yellowstone River 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 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 74.8 percent of the samples. The greatest pesticide concentration
observed was for atrazine (0.328 ug/l). Concentrations of all compounds generally were smaller than 0.01
pg/l and 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 also related to seasonal variability (and are applied
seasonally) with higher concentrations after runoff events , however some highly mobile pesticides such
as atrazine was found in winter indicating that groundwater was likely a means of transport in addition to
surface runoff.

The NAQWA study also tested for the presence of 27 organic pesticide compounds in bed sediment at
the four Yellowstone River sites: Corwin Springs, Billings, Forsyth, and Sidney. Only two of the 27
compounds were detected and none at the Yellowstone River sediment sample sites. Trans-chlordane
and a DDT derivative (p,p’-DDT) were detected in Goose Creek, a tributary to the Tongue River in
Wyoming (Miller et al., 2000).

Sampling was also conducted to test for the presence of man-made organic compounds in fish tissue.
Only one pesticide, DDT, was detected in fish tissue at the four mainstem sites on the Yellowstone River,
Corwin Springs, Billings, Forsyth, and Sidney Peterson and Boughton, 2000) (Error! Reference source
not found.). Sites on the Bighorn River and the Clarks Fork Yellowstone River of the Yellowstone tested
positive for multiple organic compounds. The fact that DDT was also detected at elevated 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
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concentrations in the environment, and the fact that many pesticides in use do not have established
human health and aquatic life criteria.

2.1.7 Hydrocarbons

A number of semivolatile organic compounds (SVOCs) were detected in bed sediment at Yellowstone
River sites during the 1998 NAWQA study of Yellowstone 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 PAHs. Samples from Billings had about 13 compounds found above the detection limit
and that represent maximum values for the compounds detected in the basin. The upper values probably
reflect the urban/industrial nature of the Billings location as common sources of PAHs in aquatic systems
are atmospheric deposition, municipal and industrial discharges, and urban sources. Concentrations of
PAHSs in Corwin Springs, Forsyth, and Sidney sediment samples were very low to none. Importantly, the
concentrations of PAHSs in the Billings samples were less than established criteria for protection of aquatic
life.

Figure 2-22 Concentration of total DDT in fish tissue at various locations in the Yellowstone
River basin appears related to the proximity to Yellowstone National Park where
DDT was used in the 1950s to control a spruce budworm outbreak.

Additionally, a number of SVOCs known as cresols, phenols, and phthalates were detected in
Yellowstone River sediment samples. The Corwin Springs (Reach PC 3) sample contained six
compounds, while the same number were detected in Billings (Reach B2) but at slightly higher
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concentrations. Forsyth and Sidney both had three compounds detected with concentrations not
significantly different than Billings for those still present further down the river. 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 SVOC 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 harmful
levels in the river water, although in the case of Glendive, benzene was detected in the water supply
resulting in the shutdown of the community’s water supply for several days.

2.2 Water Chemistry and Bed Sediment - AUID and Reach Summary

Table 2-5 presents a summary of water chemistry and bed sediment characteristics taken from detailed
assessment reports for specific Yellowstone River assessment units (AUIDs) accessed through the
Montana Department of Environmental Quality’s Clean Water Act Information Center (CWAIC) online at
http://deq.mt.gov/wginfo/ CWAIC/default.mcpx. The information was collected and edited further to reflect
major points regarding Yellowstone River water-quality and bed sediment analysis and interpretation.
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Yellowstone
AUID CES Reaches

MT43B001_011 PC 1
Wyoming Border to
YNP Boundary

Table 2-5

Summary of water chemistry and bed sediment characteristics.

Water Chemistry and Bed Sediment Summary for Yellowstone River AUIDs and CEA
Reaches

In 2003 nutrients were sampled at the Yellowstone Park border in the lower end of this segment.
Ammonia and NO2+NO3 were elevated but most likely this is natural due to geothermic inputs
from springs that naturally contain high nitrogen levels. Metals were also sampled at the site twice
in 2003 but a limited number of parameters were analyzed. Copper exceeded the chronic and
acute aquatic life standard. Lead exceeded the chronic aquatic life standard on the same day
(5/30/03). On 9/15/03 both copper and lead were below detection limits but Arsenic exceeded the
human health standard. A limited number of common ions were analyzed in 2003 and the ones
analyzed had low values.

MT43B001_010 PCA1
YNP Boundary to
Reese Creek

The majority of the data is from the downstream USGS station at Corwin Springs. Water
temperatures and DO were within appropriate ranges at the Corwin Springs station. Nutrients were
sampled in 2003 at an upstream site at the upper boundary for this segment. Ammonia and
NO2+NO3 were elevated but this is most likely natural due to geothermic inputs from springs that
natural contain high levels. Metals were sampled at two DEQ sites in 2003. On 5/30/03 at both the
upper and lower site copper exceeded the acute and the chronic aquatic life standard and lead
exceeded the chronic aquatic life standard. On 9/15/03, Arsenic exceeded the human health
standard at both sites. Sediment was sampled at the Corwin Springs station in 1998 and had
exceeded severe effect levels for arsenic, chromium, and iron but the data may not reflect current
conditions. At the downstream station at Corwin Springs the chlorophyll a was below guidance for
contact recreation and aquatic life support. Fecal coliform and E. Coli concentrations also collected
at the USGS site were below guidance.

April 2015
Technical Appendix 5: Water Quality

2-28



USACE Omaha District

Yellowstone River Cumulative Effects Assessment

Yellowstone
AUID CES Reaches

MT43B003_010 PC2 to A7
Reece Creek to
Bridger Creek

Water Chemistry and Bed Sediment Summary for Yellowstone River AUIDs and CEA
Reaches

USGS Stations @ Corwin Springs, Livingston, Springdale and Big Timber. Field measurements,
nutrients, major ions, and suspended sediment were sampled during the NAWQA study at the
USGS gaging station at Corwin Springs in 1999, 2000, and 2001, while bacteria were sampled in
2000 and 2001, and trace elements were sampled in 1999. Discharge, temperature, specific
conductivity, suspended sediment sampled at designated sites.

DEQ 5/30/03 Arsenic: 6 ug/L. Cadmium: <0.1 ug/L. Copper: 11 ug/L and exceeded the chronic

and acute aquatic life standard. Lead: 5 ug/L and exceeded the chronic aquatic life standard.
Mercury: <0.2 ug/L.

9/15/03: Mercury: <0.2 ug/L. Arsenic: 28ug/L and exceeded the human health standard.
Cadmium:<0.1 ug/L. Copper: <1.0 ug/L. Lead: <1.0 ug/L.
5/30/03: Major ions sampled with no issues.

Field Forms for sites on the Yellowstone River: 12/17/03: NO2+NO3: 0.25 mg/Lm TKN: 0.36 mg/L,
Total P: 0.027 mg/L, Ammonia: 0.25 mg/L.

MT43F001_012 A8 to A17
Bridger Creek to
Laurel PWS

Water-quality of common ions, nutrients, etc. in this reach appears to be good, both in recent
samplings and older periods. Metals data are hard to evaluate because they are older and
detection limits are an issue for data from that period. For this reason, the drinking water use was
not assessed. Field measurements, nutrients, major ions, and suspended sediment were sampled
during the NAWQA study at the USGS gaging station at Billings in 1999, 2000, and 2001, while
bacteria were sampled in 2000 and 2001, pesticides were sampled in 1999, and trace elements
were sampled in 1999.

Nutrient data were compared to values set on the Clark Fork River (0.02 mg/L TP and 0.3 mg/L
TN), and all recent data (2000 onward) were at or below these concentrations. Toxicity tests
upstream of Laurel showed good water quality in the late 1980s and no toxicity issues. Study
showed that recommended standards for TDS (500 mg/L) and sulfate (250 mg/L) were not
exceeded in this reach of the Yellowstone.
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Yellowstone Water Chemistry and Bed Sediment Summary for Yellowstone River AUIDs and CEA
CES Reaches Reaches
MT43F001_011 A18 to B2 2012 Cycle: Water and sediment samples were collected as a result of the of the Silvertip Pipeline
Laurel PWS to break. Sediment samples showed elevated concentrations of both inorganic and organic
Billings PWS compounds. However the water chemistry samples were all below water-quality standards with the

majority of the samples being non-detects. Sediment sampling occurred as a result of the Silvertip
Pipeline break. Elevated concentrations of both organics and inorganics were observed when
compared to the NOAA Screening Reference Tables.

The decline in summer soluble N, along with elevated benthic algae density, suggests soluble N is
a likely pollutant in this reach. A detailed study of TDS levels along the Yellowstone River showed,
in the 1970s, that TDS did not ever exceed 500 mg/L at Billings. This TDS concentration is
generally considered acceptable for public water supply sources.
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Yellowstone Water Chemistry and Bed Sediment Summary for Yellowstone River AUIDs and CEA
AUID CES Reaches Reaches
MT43F001_010 B3 to B4 USGS: Concentrations of chromium in bed-sediment samples from this reach exceeded the
Billings PWS to Canadian probable effects level (PEL) for protection of aquatic life, and arsenic was very close to
Huntley Div. Dam exceeding. DDT and its breakdown product (p, p'-DDE) were detected in fish flesh collected from

this reach. This was likely due to historic use of this compound in the drainage. Other, more
recently used organic compounds were not detected in fish from this reach. Arsenic appears to be
the only trace element that exceeded state surface water-quality standards.

Long-term data was available for sulfate and chlorides: Sulfates demonstrate, between 1963 and
2001, a very slight declining trend with an average of a 66 mg SO4/L and a max. of 170 mg/L.
National drinking water recommendations are 250 mg SO4/L or less, so acceptable. Chloride
dataset similar, shows little change over time (slight possible increase) with a mean of 6 and max
of 14 mg CI/L. EC (a good general measure of all salts) shows a mean (1963-2007) of 355 pS/cm
and a weak declining trend. Overall, sulfate and chloride well below recommended drinking water-
quality standards. Data indicate an essentially static long-term condition for salinity/TDS/chlorides.
Average suspended sediment is 198 mg/L (1973-2001), trend appears static or declining (log
scale) over this time period, with large values scattered throughout dataset. Vast majority of data
values, both in the past and recently, fall between 5-1000 mg/L. DO is difficult to judge relative to
MT standard since comparison to natural instantaneous DO minimum for a B3 stream (5 mg/L)
was exceeded during the early morning hours of August 25th. These data are consistent with the
biological indicators that show heavy eutrophication of the river in this unit.

2010: Summertime diel dissolved oxygen data showed exceedences of the acute aquatic life
standard for both (1) total dissolved gas (TDG) and (2) the minimum daily dissolved oxygen (5 mg
DOJ/L). The TDG standard was exceeded by large increases in DO alone; these increases were
themselves driven by eutrophication. However, ammonia samples collected during different
months over several years were all well below toxicity thresholds. Arsenic exceeded the human
health standard (10 ug/L) quite consistently, but is very likely natural from the geothermal sources
of the river. No indication of problems with TDS/salinity/chloride, either in absolute concentrations
or in long-term trends. No exceedences of E.coli standards noted. Physical and chemical data
support the biological data (detailed above) which indicate eutrophication problems in this middle
reach of the river. Organics were not found in detectable concentrations in fish flesh (6 suckers
were collected) in the reach, except for DDT and its breakdown product, which is evidently present
from historic DDT use in the basin.

2012: Water and sediment samples were collected as a result of the of the Silvertip Pipeline break.
Sediment samples showed elevated concentrations of both inorganic and organic compounds.
However the water chemistry samples were all below water-quality standards with the majority of
the samples being non-detects.
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Yellowstone Water Chemistry and Bed Sediment Summary for Yellowstone River AUIDs and CEA
AUID CES Reaches Reaches
MT43Q001_011 B5 to B12 2011. Water and sediment sampled post-Silvertip Pipeline spill. None of the samples exceeded
Huntley Div. Dam to water-quality standards with the majority of the samples being non-detects. Oil residue on channel
Bighorn River banks and mid-channel islands cleaned up for this assessment unit.

In general, up-to-date water chemistry data is lacking. The only recent water chemistry data for
this reach was nutrient data from 2003. Other water chemistry data including metals were
available only from 1970-1981.

DEQ sampled nutrients at three sites in 2003: Huntley, Pompey’s Pillar, and Custer.

MT42K001_020 C1to C11 Field measurements, nutrients, trace elements, pesticides, major ions, and suspended sediment
Bighorn River to were sampled during the NAWQA study at the USGS gaging station at Forsyth in 1999, 2000, and
Cartersville Div. Dam 2000, while bacteria were sampled in 2000 and 2001. Very limited data written up for this

assessment unit as a whole. Agriculture: TDS concentrations are moderate. Industrial: TSS
concentrations are sometimes high but are lower than historical levels likely due to construction of
Yellowtail Dam.

MT42K001_010 C12to C21 Most of the available water-quality data is older (mainly 1960s, 1970s, 1980s), although there is a
Cartersville Div. Dam cluster of more recent data around Miles City (USGS, etc.). Given the relatively long length of the
to Powder River reach (nearly 90 miles), and the fact that recent data are mainly clustered in one location, there is

insufficient information to properly assess any beneficial use along this reach.

Water-quality limitations noted due to ammonia, copper, lead, zinc, TDS, pH, and nitrate+nitrite
due to habitat alteration, irrigated crop production, livestock grazing, municipal wastewater
discharge, development, unknown and natural sources.

Maximum water temperature between 2004 and 2012 at Miles City was 29.5 °C in 2006 (August
8th). Specific conductance for the same period ranged from 765 to 200 uS/cm. Discharge on
August 8, 2006 was 3,630 cfs which represents the 6™ percentile for low flow during the period of
record. Specific conductivity on this date was 600 uS/cm.

42M001_012 D1 to D9 Agriculture: TDS concentrations in this reach are relatively low. Industrial: Salinity concentrations
Powder River to in this reach are relatively low. TSS concentrations tend to be high but are lower than historical
Lower Yellowstone levels due construction of Yellowtail Dam. Scant long-term nutrient or metals data available, but no
Div. Dam problems noted.

2015: Crude oil spill resulting from breach of Poplar Pipeline about six miles above Glendive
resulted in detection of VOCs (including benzene) in river water and in Glendive water supply.
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MT42M001_011
Lower Yellowstone
Div. Dam to Border

D9 to D13

From 1999-2001, the median water temperature was 15 C; median pH value = 8.4; median SC at
25 C = ~700 uS/cm; median DO = 9.3 mg/L; median suspended-sediment concentration = ~200
mg/L. Between 2000-01, 12 fecal coliform and 11 E. coli samples were collected near Sidney;
none exceeded recommended health or contact/recreation limits. From 2001-2003, pH ranged
from 7.4 - 8.7; DO ranged from 6.3 - 14.5 mg/L; SC ranged from 202 - 1920 yS/cm; Suspended
Sediment concentration ranged from 20 - 3320 mg/L; TDS ranged from 200 - 656 mg/L; Water
temperature ranged from 0-26.7 C. About 30 percent of the annual sediment load in the
Yellowstone near Sidney is from the Powder River Basin, in spite of the fact it accounts for <5
percent of the annual streamflow there.

Metal concentrations exceeded state water-quality standards in a few instances in 2003 at Sidney:
copper exceeded both the acute and chronic life standards (by 7 and 58 percent, respectively);
lead exceeded the chronic life standard by 233 percent. For the site near Sidney, Arsenic
concentrations in streambed sediment exceeded the ISQG by 49 percent, Chromium exceeded
the ISQG by 98 percent; neither exceeded the PEL. From 1999-2001, ammonia concentrations did
not exceed any of the aquatic-life criteria. The median total phosphorus concentration was 50
percent higher than the desired level for preventing nuisance plant growth in streams, but these
concentrations are likely the result of natural conditions. The ecoregion criterion for total nitrogen
on the Northwestern Great Plains = 0.38 mg/L; median value at the Sidney site = 0.7 mg/L. About
95 percent of the samples at the Sidney site had a pesticide detected in them (the highest
frequency in the study area); >86 percent of the samples had two or more pesticides detected.
The number of different pesticides detected in samples was highest at this site (16 different
pesticide compounds were detected); it also had the highest number of different herbicides
detected (11). Concentrations of pesticides were substantially (generally an order of magnitude or
more) smaller than drinking-water criteria for human health in all samples. Concentrations of
pesticides were also smaller than aquatic life criteria. However, criteria have not been established
for 20 of the pesticides and breakdown products analyzed for this study, and human-health and
aquatic-life criteria generally are established based on toxicity tests conducted for a single
compound. But most of these samples contained two or more compounds, and the aquatic life
criteria do not account for the potential combined effects of pesticides and other stressors, such as
temperature fluctuations.

Forty-four trace elements were analyzed in streambed sediment at sites in the Yellowstone River
Basin; concentrations of four of these elements were of particular concern due to their elevated
concentrations at many sites throughout the basin and their toxicity in the aquatic ecosystem. For
the site near Sidney: Arsenic = 8.8 ug/g (exceeded the ISQG of 5.9 ug/g, but less than the PEL of
17 ug/g); Chromium = 74 ug/g (exceeded the ISQG of 37.3 ug/g, but less than the PEL of 90 ug/g.
Copper = 20, (did not exceed the ISQG of 35.7 ug/g); Lead = 17 ug/g (did not exceed the ISQG of
35 ug/g). Mercury concentrations in fish-muscle and bed-sediment samples collected in
cooperation with the National Mercury Project. Total Hg in Fish (2 sauger): Dry weight (ug/g) =
1.29, Wet weight (ug/g) = 0.250; Total Hg (ng/g) in Sediment: 18.7. The mercury concentrations in
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the sauger from this site were similar to the median and mean concentrations of mercury from a
national study of chemical residues in fish.

Nutrient concentrations in the Yellowstone River near Sidney, August 2000: Total Nitrogen = 0.4
mg/L, Total Phosphorus = 0.037 mg/L.

Ammonia concentrations did not exceed any of the aquatic life criteria. The median total
phosphorus concentration was 0.15 mg/L, higher than the desired goal of 0.10 mg/L for preventing
nuisance plant growth in streams. However, total phosphorus concentrations at this site are likely
the result of natural conditions. The ecoregion criterion for total nitrogen (0.38 mg/L for the
Northwestern Great Plains) was exceeded by the 10th-percentile concentrations for the Sidney
site; median value was 0.7 mg/L. None of the monthly samples for arsenic sampled during 2014
exceeded the human health standard.

Metals concentrations only exceeded state water-quality standards in a few instances: Copper =
13.3 pg/L on 6/17/03, exceeding both acute and chronic life standards (12.4 pg/L, and 8.4 pg/L,
respectively); Lead = 8.98 ug/L on 6/17/03, exceeding the chronic life standard of 2.7 pg/L

A thermograph was located on the Yellowstone River at Sidney, and the USGS calculated the
mean daily temperatures for all but a few months of 1975 for this site. Average annual temperature
was 8.59 °C, annual range was 0-26.0 °C, average maximum temperature was 22.2 (July), # days
of 0°C maximum = 126, # days of 18 °C minimum = 58. Sidney has a wide temperature variance
and its climate is quite extreme compared to the other three locations considered.

About 30 percent of the annual sediment load in the Yellowstone near Sidney is from the Powder
River Basin, in spite of the fact it accounts for <5 percent of the annual streamflow there.

Data were available from the site near Sidney for 1959-2003; data from 2001-03 were considered
here. pH ranged from 7.4 - 8.7; DO ranged from 6.3 - 14.5 mg/L; SC ranged from 202 - 1920
uS/cm; Suspended Sediment concentration ranged from 20 — 3320 mg/L; TDS ranged from 200 -
656 mg/L; Water temperature ranged from 0-26.7 C; Turbidity ranged from 3 - 450 NTU, but the
two extremes were reported on the same day in 2001, and so are suspect. E. coli ranged from 2 -
53 colonies/100 mL; Fecal coliform ranged from 2 - 113 colonies/100 mL.

Between 2000-01, 12 fecal coliform and 11 E. coli samples were collected near Sidney; none
exceeded recommended health or contact/recreation limits. The median water temperature was 15
0C; the median pH value was 8.4; median SC at 25 C was ~700; median DO was 9.3 mg/L;
median suspended sediment concentration was ~200 mg/L. uS/cm

Maximum water temperature for 2002 at Sidney was 29 °C. Maximum water temperature at
Sidney between 2004 and 2014 was 27.5 °C. pH between 2004 and 2014 ranged from 7.6 to 8.8
C.

Between 2004 and 2014, EC ranged from 255 to 1030 microsiemens per centimeter. Average was
625 uS/cm. Shows moderate correlation to discharge. Sulfate concentration ranged from 46 to 347
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Yellowstone Water Chemistry and Bed Sediment Summary for Yellowstone River AUIDs and CEA

CES Reaches Reaches

mg/l during the same time period. Fifteen percent of the 88 analytic results exceeded the
secondary MCL of 250 mgl/I.

ND-1010000-001-S_00 D14-16 No data available. Considered fully supporting for some beneficial uses. Has not been listed or
impairments suggested to warrant any further targeted assessment (Olson pers. communication
2014). QOilfield wastewater spill in 2006 into Charbonneau Creek (tributary) caused impacts from
brine on aquatic life and livestock use in Charbonneau Creek. Impact on Yellowstone water quality
not known.

2-35 April 2015
Technical Appendix 5: Water Quality



Yellowstone River Cumulative Effects Assessment USACE Omaha District

2.3 Physical Properties

2.3.1 Water Temperature

Water Temperature is an important characteristic of surface water in streams, rivers, and lakes because it
can affect aquatic organisms in multiple ways. As such, water temperature is considered a pollutant under
the Clean Water Act. 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. Dissolved oxygen, required
by aquatic organisms, decreases as water temperature increases. Water temperature also affects the rate
of chemical reactions, cues many aquatic life cycle processes, creates stratification layers, and influences
aquatic species composition and distribution (USGS, 2015). The sun’s energy largely influences water
temperature although water temperature is also affected by precipitation, surface runoff, groundwater,
and tributary inputs), ambient air temperature, and heat exchanged through evaporation and
condensation. Variation in water temperature is due to diurnal and seasonal fluctuation as well as location
(elevation and latitude) and local characteristics (water depth, degree of shading, etc.).

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 may also affect water temperature (DEQ, 2012). Some
pollutants also alter the physical characteristics of water such that more of the sun’s energy is absorbed
to raise water temperature. Suspended sediment and algal growth are two examples. Increased water
temperature can Kkill or stress aquatic organisms making them more susceptible to other sources of
disease or death. Montana Fish, Wildlife & Parks divides the Yellowstone River into three segments
based in part on water temperature; the upper cold water section about 100-miles in length, a transitional
cool-warm water middle section about 180 miles long, and the lower 300-mile-long warm-water section
(MFWP, 2015). More information on impacts of temperature on aquatic organisms is presented in
Appendix 8 Fisheries. During several warm, low-flow summers (2007 and 2012), MFWP and Yellowstone
National Park restricted fishing in reaches of the upper Yellowstone River (PC17 thru A12 and the
mainstem and tributaries in YNP) due to elevated water temperature (Skaar 2015) (Arnold 2015).

Following are charts (Error! Reference source not found. through Error! Reference source not
found.) depicting summer water temperature over time at USGS fixed gaging stations on the Yellowstone
River. Summer water temperatures are shown as this is generally the critical period for most aquatic
species. In summary, water temperature increases in a downstream direction with the exception of
Corwin Springs which is influenced by inflows from nearby geothermal springs. While some slight
increase is noted in water temperatures over the time period depicted, there is not enough statistically
comparable water temperature data available to evaluate trend over time or changes outside of normal
distribution. Anecdotal reports of water temperature-related fish kills in the upper Yellowstone (Endicott
MFWP personal communication) and warm water species moving further upstream (Opitz MFWP
personal communication) provide justification for further study of water temperature and impacts in the
future to help document trends and identify possible practices to remediate outside influences.
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n =36

Figure 2-23 Summer water temperatures at Corwin Springs, MT show a slight increasing trend

over the nine year period of record but the difference is not statistically significant
over this relatively short period.

Figure 2-24 Water temperatures for the Yellowstone River at Billings, MT show a weak increase
over the nine-year period of record but again the trend is not statistically
significant given the relative few measurements available. Mean water temperature

is several degrees higher than at Livingston. Water temperatures indicate that the
river is transitioning to a warm water system.
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N =25
Mean =19.25

Figure 2-25 Water temperature in the Yellowstone River at Forsyth does not show much
change over time, but does indicate an increase in temperature going downstream.

Figure 2-26 Summer season water temperatures of the Yellowstone River at Glendive shows a
good deal of variability between years but essentially no trend between 2004 and
2012.
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Figure 2-27 Summer season water temperatures of the Yellowstone River at Miles City
continue to increase by several degrees, but do not demonstrate a statistical trend
for the relatively short period of record.

Figure 2-28 Summer season water temperatures in the Yellowstone River at Sidney show
summer variability but not much between years. No statistically valid trend is
shown for the temperatures, although there is a slight uptick between 2004 and
2014.

2.3.2 Suspended Sediment
Suspended Sediment is a natural product of erosion, transport, and deposition of sediment by moving
water as well as the result of human activities that accelerate erosion. The product of this fluvial process

2-39 April 2015
Technical Appendix 5: Water Quality



Yellowstone River Cumulative Effects Assessment USACE Omaha District

is siltation. Siltation is a leading cause of water-quality impairment in the US and Montana, particularly in
lakes where sediment deposition reduces water storage capacity and adds to eutrophication issues
(MDEQ 2012b) (MDEQ 2014a). Excessive sediment can alter aquatic habitat and affect channel
geometry. Diminished sediment delivery can also affect aquatic habitat and channel geometry through
changes in aggradation or degradation. Suspended sediment can also deliver other water-quality
pollutants such as nutrients, bacteria, pesticides, and trace elements. Reporting values are commonly
expressed as concentration, load, and yield (MDEQ, 2012). Yield is the load per unit watershed area
upstream from the measuring site.

Suspended sediment concentrations in the Yellowstone River are generally lower in the upper watershed
draining 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 a tributary, the Gardiner River, in Reach PC1, which drains sparsely vegetated and
steep Cretaceous shales that experience sheet erosion and debris flows into the Gardiner River during
runoff events (Wagner, 2006). The extent of rangeland and agricultural lands is positively correlated with
suspended sediment concentrations. Channel scour erosion also contributes sediment (Lambing, 1986).

An Agricultural Research Service (ARS) study (Klimetz et al., 2009) of suspended sediment transport for
stable streams in Ecoregion 43 (Northwestern Great Plains) determined that the lower Yellowstone
drainage had a Q1.5 mean annual suspended sediment yield of 1.53 tons/year while the upper
Yellowstone River was 36.3 tons/year/km2. For comparison, the same mean annual yield in the Powder
River basin is 60 tons/year/km2. The highest concentrations of suspended solids in prairie streams
typically occurs during periods of precipitation runoff. Peak runoff in the Yellowstone River occurs in June
(USGS, 2014). The Powder River Basin, which accounts for 5 percent of the annual streamflow at USGS
Station No. 06329500 (Yellowstone River near Sidney, MT), contributes 30 percent of the annual
sediment load to the Yellowstone River.

Irrigation practices in the Clarks Fork Yellowstone River Yellowstone River basin, along with natural
factors, are recognized as a major source of suspended sediment at USGS Sta. No. 06214500
(Yellowstone River at Billings, MT) (Knapton and Bahls, 1993). The Clarks Fork Yellowstone River
Yellowstone River had the maximum suspended sediment yield in the YRB (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 Yellowstone River Yellowstone, Wind/Bighorn River, and
Powder River Basins, while oil and gas development contributes dissolved solids in the Wind/Bighorn and
Powder River Basins (Zelt et al., 1999).

At the Forsyth and Sidney USGS fixed stations (numbers 06191500, 06295000 and 06329500,
respectively) where suspended sediment was measured long-term, there are strong correlations between
suspended sediment concentrations, load, and discharge (Error! Reference source not found. through
Error! Reference source not found.). Alterations to the hydrology and sediment content of the Bighorn
River have demonstrably affected the water quality and ecology of the Yellowstone River below the
confluence. More than 90 percent of the mean annual flow of the Bighorn River near its confluence with
the Yellowstone is due to controlled releases from Bighorn Reservoir (Yellowtail Dam) (Zelt, et al. 1999)
so this likely has an effect on suspended sediment delivery to the Yellowstone River. Unfortunately, the
USGS did not collect suspended sediment data until around the time of the dam’s closure. The US Army
Corps of Engineers estimated sediment capture in the Reservoir was in the range of 3,200 acre-feet per
year (2010).

The ARS study (Klimetz et al. 2009) rated the Bighorn drainage as having the fifth-highest mean annual
suspended sediment yield of all rivers in Ecoregion 43 (Northwestern Great Plains). The majority of this

April 2015 2-40
Technical Appendix 5: Water Quality



USACE Omaha District Yellowstone River Cumulative Effects Assessment

sediment load is now stored in the Reservoir since closure of the dam in 1967. The estimated average
annual sediment load (1999-2001) in the Bighorn River above the Reservoir is 2.4 million tons equivalent
to about 55 percent of the total annual load in the Yellowstone at Sidney (Zelt, et al. 1999). Construction
of impoundments on the Bighorn River have dropped average annual peak discharges on the Bighorn
River from 20,199 cfs to 8,800 cfs (WAI, 2001). Operation of the dam has substantially reduced sediment
delivery to the Yellowstone River. Prior to Yellowtail Dam’s completion in 1966, annual sediment delivery
at the mouth of the Bighorn River was estimated at 7.2 million tons. Based on 6 years of data, post-dam,
sediment production has been estimated at 1.5 million tons per year, which represents an 80 percent
decline (Silverman and Tomlinson, 1984). Hydrologic alterations and related impacts to turbidity and
water temperature are known to affect movement and use of habitat by warm water fish (McMahon and
Gardner 2001 cited in Yeager et al. 2005).

Despite the creation of an artificial, cold-water trout fishery below Yellowtail Dam, major negative impacts
of the reservoir operation occur in the Yellowstone River and include a modified hydrologic regime (see
Chapter 4.2 Hydrology), loss of side channels (Godaire, 2009), reduced sediment delivery and transport,
and seasonal alterations of water temperature.

Turbidity, also a measurement indicative of suspended matter and water clarity, remained below 5 Normal
Turbidity Units (NTUs) upstream of Forsyth during the 1999-2001 Yellowstone River NWQA sampling
period; increasing going downstream to a maximum of 24 NTUs at Sidney, although the Powder River
was dry during sampling (Miller et al. 2005) indicating that the channel is also a source of suspended
sediment in the lower river.
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Figure 2-29 Sediment concentrations at Corwin Springs show only a moderate level of
correlation to discharge, likely due to the disproportionately large influence of the
Gardiner River on sediment production in this area.
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Figure 2-30 Suspended sediment concentrations in the Yellowstone River near Forsyth show a
better correlation to discharge and are within expectations, if below historic levels
following construction of Bighorn Reservoir which effectively cut off sediment
delivered by the Bighorn River.
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Figure 2-31 The mean monthly sediment concentrations of the Yellowstone River near Sidney

are fairly well correlated to discharge as evidence by the slope of the trend line in
the chart above.

Figure 2-32 The mean monthly sediment load carried by the Yellowstone River near Sidney
peaks in June at maximum spring runoff and is influenced greatly by the load
discharged by the Powder River. An estimated 30 percent of the annual sediment
load at Sidney is contributed by the Powder River.
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2.4 Biologic Data

2.41 Periphyton

Algal biomass particularly that of periphyton chlorophyll a, is a key indicator of nutrient enrichment in the
Yellowstone River. The state of Montana recognizes the threshold for algal biomass as an indicator of
nuisance algal conditions and recreational use impairment as > 150 mg/m? (Flynn and Suplee, 2013). The
NAWQA Program collected algal biomass samples during August 2000 at 11 sites along the Yellowstone
River and at three tributary sites on the Clarks Fork Yellowstone River Yellowstone, Bighorn, and Tongue
Rivers to determine their relationship to nutrient enrichment. Algal biomass was largest in the middle
segments of the Yellowstone River near Billings and Forsyth (Error! Reference source not found.).
Algal biomass was also high in the Clarks Fork Yellowstone River and Bighorn Rivers. The periphyton
chlorophyll a concentrations in the upper segments of the Yellowstone River at Corwin Springs and
Livingston were about 20—25 milligrams per square meter (mg/m?). 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 Yellowstone River Yellowstone River, and at Forsyth (85 mg/m?)
downstream from the confluence of the Bighorn River. Chlorophyll a concentrations were less than 10
mg/mZ2 in the lower segments of the river, from Miles City to Sidney. By comparison, chlorophyll a
concentrations were 110 mg/mZ in the Clarks Fork Yellowstone River Yellowstone River and 160 mg/m2
in the Bighorn River at the mouth (Peterson and Porter, 2002). Sources of nutrient enrichment at
mainstem sites are thought to be natural (ammonia from geothermal springs) in the case of Corwin
Springs and tributary inflows from natural, agricultural, and rural residential nutrient sources in the case of
the Clarks Fork Yellowstone River Yellowstone and Bighorn River basins (Miller et al., 2004).

2-45 April 2015
Technical Appendix 5: Water Quality



Yellowstone River Cumulative Effects Assessment USACE Omaha District

Figure 2-33 Periphyton chlorophyll-a concentrations from August 2000 in some Yellowstone
basin streams exceeded criteria for the protection of beneficial uses according to
criteria established by the Montana Department of Environmental Quality (2003).
Yellowstone River sites in light green are upstream to downstream. Values reflect
nutrient enrichment from natural, agricultural, and rural residential sources.
Source: Peterson 2009.

The percent of eutrophic diatoms increased from very low levels at Corwin Springs to nearly 50 percent of
the periphyton community in the middle segment of the Yellowstone River. The percentage of nitrogen
autotrophs (species requiring dissolved inorganic nitrogen for optimal growth) increased from Corwin
Springs to Custer and then decreased somewhat. Relatively large percentages of nitrogen autotrophs
(species whose growth is enhanced by inorganic sources of nitrogen) were found in the Yellowstone
River at Custer, Clarks Fork Yellowstone River Yellowstone River (at Edgar), and the mouth of the
Bighorn River. Relatively large percentages of nitrogen heterotrophs (species whose growth is enhanced
by organic sources of nitrogen) were found in the Yellowstone River at Sidney, Clarks Fork Yellowstone
River Yellowstone River (at Edgar), and Bighorn River (at mouth). The relative abundance of algal
species that require inorganic sources of nitrogen (autotrophs) corresponds closely with the abundance of
eutrophic diatoms in the Yellowstone River and tributaries. Periphyton biomass was generally large at
sites where nitrogen autotrophs were abundant. Periphyton biomass was generally low at sites where
nitrogen fixers (primarily blue-green algae) were abundant. Excellent water clarity (low turbidity) also
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. Overall results of the report indicated that algal biomass and related measures of algal
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autoecology better reflect the trophic status of the Yellowstone River than do concentrations of dissolved
or total nutrients (Peterson and Porter, 2002).

2.4.2 Macroalgae

The biomass of macroalgae (filamentous algae) results followed a similar pattern in that maximum values
occurred in the Billings area (490 grams per square meter (g/m?2) and ranged from about 20 g/m?2 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).

2.4.3 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 aquatic life 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 (Error! Reference source not found.). Higher percentages of tolerant taxa in the middle
segments of the river, however, indicate somewhat degraded conditions. Tolerant taxa dominated the
invertebrate community of the Yellowstone River at Billings and Forsyth, sites immediately downstream
from the two largest tributaries, the Clarks Fork Yellowstone River Yellowstone and Bighorn Rivers.
Based on EPT abundance, the data indicated degraded conditions in the Clarks Fork Yellowstone River
Yellowstone River, but relatively good conditions in mountain tributaries (Peterson et al., 2004; Peterson
2009).

2-47 April 2015
Technical Appendix 5: Water Quality



Yellowstone River Cumulative Effects Assessment USACE Omaha District

Figure 2-34 Pollution tolerant midges and worms dominate aquatic insect communities in the
Clarks Fork Yellowstone River Yellowstone and at Yellowstone River sites below
the confluence of the Yellowstone River and Bighorn Rivers. Greater percentages
of pollution intolerant mayflies, stoneflies, and caddisflies (EPT) in the upper and
lower Yellowstone River indicate better water quality and aquatic habitat. Lower
percentages in the middle Yellowstone River indicate degraded conditions
(Peterson et al., 2004).

2.4.4 Fish

Fish community composition and physical health are reflective of the quality of their environment similar to
other forms of aquatic life (Barbour et al. 1999). The primary discussion of fish abundance and distribution
and relationship to the CEA is contained Appendix 8. Results are presented here relative to water-quality
considerations. Peterson and other’s (2004) analysis of fish communities in the Yellowstone 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.

External anomalies such as skin lesions, deformities, eroded fins, and tumors were noted more frequently
in some populations than others which may be a sign of chemical contamination or environmental stress
in the respective habitats. The highest rates of external anomalies were noted in fish from Billings (Reach
B2) and Forsyth (Reach C10) where about 15 to 20 percent of fish had skin lesions or abraded fins. The
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anomalies occurred at higher rates in members of the sucker family. Rates of anomalies noted in fish at
Corwin Springs and Sidney were below five percent while those in the Clarks Fork Yellowstone River
Yellowstone and Bighorn Rivers were both above 5 percent. Later fish sampling in 2002-2003 in Forsyth
showed reduced rates in the neighborhood of 10 percent (Peterson et al., 2004), however comparable
data was not available for the other Yellowstone sites.

Fish tissue sampled following the crude oil pipeline breaks in 2011 (Silvertip Pipeline near Laurel) and
2015 (Poplar Pipeline near Glendive) detected the presence of hydrocarbons or PAHs indicating that
hydrocarbons had entered the food chain downstream of the releases.

2.5 Biological Summary for AUID and Reaches

Table 2-6 presents a summary of the biological characteristics discussed above and those taken from
detailed assessment reports for specific Yellowstone River assessment units (AUIDs) accessed through
the Montana Department of Environmental Quality’s Clean Water Act Information Center (CWAIC) online
at http://deq.mt.gov/wqinfo/CWAIC/default.mcpx. The information was collected and edited further to
reflect major points regarding analysis and interpretation of the water-quality-related biological
characteristics of the Yellowstone River.

2.6 Beneficial Use Support Matrices

Under the Federal Clean Water Act (CWA) all surface waters of the Yellowstone River in Montana and
North Dakota are designated with specific beneficial uses (e.g., livestock and irrigation, drinking water,
recreation, fish and aquatic life, etc.) and have been assigned to a “use class” which categorizes the
associated beneficial uses. Water-quality standards are established to protect these beneficial uses
(Mohr 2012). Each “use class” has associated standards for how clean the water must be to support the
associated use. These standards are used as a measuring stick to indicate if waters are meeting or not
meeting water-quality goals. Montana’s and North Dakota’s water-quality standards are both numeric and
narrative in nature. Both states define narrative standards as “A narrative water-quality standard is a
statement(s) that prohibits unacceptable conditions from occurring in or upon surface waters, such as
floating debris, oil, scum, garbage, cans, trash, or any unwanted or discarded material. Narrative
standards also prohibit the discharge of pollutants, which alone or in combination with other substances,
can (1) cause a public health hazard or injury to the environment, (2) impair existing or reasonable
beneficial uses of surface waters, or (3) directly or indirectly cause concentrations of pollutants to exceed
applicable standards”. Montana’s water-quality use classes and associated beneficial uses may be found
in the Annotated Rules of Montana 17.30.6. North Dakota’s rules (North Dakota Administrative Code 33-
16-02.1) are similar as they both mimic the CWA. The designated water-quality use classes and
associated beneficial uses of the Yellowstone River within the Cumulative Effects Assessment (CEA) are
shown in Table 2-6.
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Table 2-6
Biological Interpretations for Yellowstone River AUIDs and CEA Reaches

CES

AUID Reaches Description
MT43B001_011 PC 1 No fish population or fish habitat data available specific to this AUID. To be assessed at next
Wyoming Border to opportunity
YNP Boundary
MT43B001_010 PC1 No fish population or fish habitat data available specific to this AUID. To be assessed at next
YNP Boundary to opportunity
Reese Creek
MT43B003_010 PC2to A7 At Corwin Springs, the chlorophyll a was below ctriteria for contact recreation and aquatic life support.
Reece Creek to Fecal coliform and E. Coli concentrations also collected at the USGS site were below guidances. Fish
Bridger Creek samples, macroinvertebrates, and other biological data ok.
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CES
AUID Reaches Description
MT43F001_012 A8 to A17  Anecdotal information from the 1870s suggests that trout populations in this reach of the Yellowstone
Bridger Creek to River could be quite robust. Today, MT FWP electroshocking surveys in the most recent decade
Laurel PWS showed that brown and rainbow trout have varied in relative abundance, in part a function of drought

and flooding events. But overall trout numbers in 1999 were the highest in 12 years and the fishery
biologist concluded that, in 2002, the trout population was "relatively intact" in spite of record low water
levels. Algal Chl a levels were measured in 2000, and were below nuisance level thresholds. Benthic
macroinvertebrates showed no particular problems (cumulative DEQ metric battery scored 80 percent
of expected, EPT richness very high). There are apparently elevated proportion of eutrophic diatoms at
this site relative to upstream sites, however it still appears to be below a problem level as the site does
not also demonstrate the highly elevated Chla biomass and diel DO swings exhibited further
downstream.

In August 2000, benthic Chl a values were about 40 mg/m”2. Very low abundance of centric diatoms
indicated that the site is NOT a phytoplankton dominated reach and, therefore, the use of benthic algal
Chl a as an indicator is appropriate.

In 1999, rainbow trout numbers rebounded due to major floods in 1996 and 1997. Brown trout numbers
decreased 14 percent from 1997. Total trout numbers highest estimated in 12 years. Based on the
DEQ's older biometric assessment method (Bukantis, 1998), the site at Laurel scored 80 percent of
maximum, which would put it in the non-to- slightly impaired category. "The functional composition of
the assemblage included all expected components in proportions that seemed appropriate for a higher
order stream".

Historical accounts of riparian and geomorphic conditions: In the 19th century this reach was heavily
lined with trees, including large cottonwoods, and forest extended from 1-10 miles back from the river
on both sides. Geomorphically, it was described by Lewis and Clark below the Shields River confluence
as being full of many islands, both large and small. This island-filled condition continued through to the
confluence with the Clarks Fork Yellowstone River of the Yellowstone (which is just below this reach).

Physical features report shows armoring for some segments within this reach: Columbus:
10-25 percent; near Park City: 6 percent; near Laurel: 8 percent.
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CES
AUID Reaches

MT43F001_011 A18 to B2
Laurel PWS to Billings
PWS

Description

Older studies (1970s) indicate that river water quality, including nutrient concentrations, was greatly
improved from the past, and that the river was generally mesotrophic. But nutrients from tributaries
(Clarks Fork Yellowstone River of the Yellowstone) and wastewater in the mid-1970s had caused a 6-
17 fold increase in periphyton production relative to upstream reaches. Benthic Chlorophyll a samples
collected in 2003 were quite high (269 mg Chl a/m”2), which exceeds the recreational use impact
threshold as well as the aquatic life threshold. Macroinvertebrate biometrics samples (2003) were
collected at three different sites along the reach. The macro invertebrate metrics all scored in the 60-70
percent-of-maximum range, suggesting slight impairment to aquatic life. A sediment problem was only
mildly indicated at one of three sites, however the two most downstream sites both lacked long-lived
taxa. The latter finding suggested that periodic perturbations (e.g., lack of flow) might affect these sites
and impede long-lived taxa. The percent EPT was notably lower at the middle site (YSR460). No
useable fishery data was located for this reach in MRIS, or in documents, and therefore that beneficial
use does not have SCD.

2003: Benthic Chl was 269 mg Chl a /m”2. This is a high values that well exceeds the recreational use
threshold and also exceeds the aquatic life threshold.

2003 macroinvertebrate biometrics, Station YO6YSR460; Yellowstone River below Canyon Creek:
Using Bukantis (1998) metric battery, scored 70 percent of max (slightly impaired). Biotic index score
was 4.83, near the value of 5 where impacts are beginning to be noted. Presence of clinger taxa &
mayflies suggested sediment deposition is minimal. Longlived taxa scarce, suggesting dewatering or
other impacts that would abort long-lived taxa.

2003 macroinvertebrate biometrics, Station YO6YSR450; Yellowstone River above Duck Creek: Using
Bukantis (1998) metric battery, scored 60 percent of max (slightly impaired). High biotic index suggests
high water quality; however, "Very mild sediment deposition with some attendant limitation to the
availability of stony substrate habitats cannot be ruled out".

2003 macroinvertebrate biometrics, Station YO6YSR470; Yellowstone River at Billings Ave Bridge:
Using Bukantis (1998) metric battery, scored 67 percent of maximum (slightly impaired). Site had a very
good biotic index (4), and good water quality is suggested. Sediment deposition was not suggested by
the macroinvertebrate assemblage. Again, long-lived taxa were generally absent.

PAHSs detected in fish tissue as a result of 2011 Silvertip Pipeline break near Laurel.
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CES
AUID Reaches

MT43F001_010 B3 to B4
Billings PWS to
Huntley Div. Dam

Description

2010 Cycle: USGS NAWQA study provided a fairly comprehensive biological dataset from 1998-2001.
There is some data to suggest fish populations in this reach are stressed, due to the large proportion of
anomalies (eroded fins and lesions) found on their bodies in this river reach. Both macroinvertebrate
and diatom population data indicated degraded and eutrophied conditions relative to other parts of the
river. Benthic algal biomass was very high (800 mg Chl a/m2) and is much higher than the nuisance
threshold (150 mg Chl a/m2) identified by the Montana public in a 2006 DEQ study. Similarly, biomass
of Cladophora sp (filamentous algae that can grow to nuisance levels) was the highest along the entire
river at this site. No exceedences of E. coli standards noted. Overall, biological impairment is evident
from several lines of evidence; data suggest impairment due to eutrophication problems.

Benthic Chl a measured in August 2000 at site USGS 06214500 as 800 mg Chl a/m2. This value
greatly exceeds Huntley dam is most likely (along with dams at Intake and Cartersville) to deter fish
migration. Huntley dam does have a natural bypass channel that may be used by migrating species
during high discharge. USGS report Overall, the Billings site had the highest proportion of midges &
worms (85 percent) and lowest proportion of EPT taxa (9 percent) for the study. the study concluded
that this middle segment of the Yellowstone River had "somewhat degraded conditions".

MT43Q001_011 B5 to B12
Huntley Div. Dam to
Bighorn River

2011 Silvertip Pipeline Spill. Further monitoring of the residue and its deterioration is planned. As a
result of the break and documented oil, this segment is impaired for oil. Samples were collected in 2011
at several locations by Montana DEQ, EPA, Exxon and private land owners in response to the Silvertip
pipeline break. No samples exceeded water-quality standards. Sediment sampling occurred as a result
of the Silvertip Pipeline break. Elevated concentrations of both organics and inorganics were observed
when compared to the NOAA Screening Reference Tables.

In general, data and information regarding this reach are lacking. While there appear to be some
fisheries data, macroinvertebrate and periphyton data are either from the 1970's or had no interpretation
available. The only recent water chemistry data for this reach were nutrient data from 2003. Other water
chemistry data including metals were available only from 1970-1981. A series of PFC analyses were
conducted by the BLM in this reach, but only one site had any relevant information regarding the
condition of the site.

MT42K001_020 C1to C11
Bighorn River to
Cartersville Div. Dam

Fish passage barrier (diversion dam) noted as source/cause of limited aquatic life function. Algal study
by USGS in August 2000 noted high levels of algal biomass and other indicators of eutrophication at
two sites in the Bighorn River, although nitrate concentrations in the Yellowstone are relatively low
below Billings.

MT42K001_010 C12to
Cartersville Div. Dam C21
to Powder River

The fisheries data are generally good and there are, again at Miles City, accompanying aquatic life
data, however due to the limited number of samples throughout the reach and time, there is not
sufficient data available to assess any beneficial use.
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CES
AUID Reaches Description

42M001_012 D1 to D9 Warm Water Fishery: Intake Dam (Lower Yellowstone Diversion Dam) partially restricts fish passage

Powder River to Lower and is the stated reason for the aquatic life support limitation. EPT taxa were predominant in the lower

Yellowstone Div. Dam segments of the river from Miles City to Sidney. Highest diversity of algal species was noted in this
reach during August 2000 possibly related to immigration from tributaries. Dissolved nutrient
concentrations are generally low. A shift from a periphyton dominated algal community to a
phytoplankton dominated community associated with slow moving waters and reservoirs was noted
along with increased turbidity in this unit.

The Yellowstone River near the Powder River was listed in Montana Waters with Fish Consumption
Advisories in 2012-2013 due to mercury contamination in fish.

PAHSs detected in fish tissue as a result of 2015 Poplar Pipeline break near Glendive.
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MT42M001_011
Lower Yellowstone
Div. Dam to Border

D9 to D13

Intake Diversion Dam creates a cascade with a 9-foot hydraulic head and diverts water for irrigation
purposes. No fish passage structures are incorporated into this dam, movement of fish over or around
this dam presumably occurs only at high river discharge during runoff May - June, and the dam may be
a partial or complete barrier to the passage of certain native fish species. Adjustable fish and trash
screens were recently installed on the Intake diversion structure to reduce fish entrainment.
Modifications to the diversion dam are under study to provide bypass for aquatic life.

EPT taxa were predominant in the lower segments of the river from Miles City to Sidney. From samples
taken from the Yellowstone River at Glendive, approximately 81 percent were EPT (pollution intolerant
species) and < 5 percent were midges and worms (pollution tolerant species). At the Yellowstone River
near Sidney, 49 percent of the taxa sampled were EPT, while 23 percent were midges and worms.
Bioassessment

scores for macroinvertebrates indicated that the Sidney site was moderately impaired, but a low
abundance of organisms in the sample complicated the evaluation. The habitat evaluation suggested
that the inadequacy was likely due to a depauperate community at the site. Nearly half of the animals
collected were midges; the only other groups represented in abundance were a few taxa of tolerant
dipterans. This skew suggests that monotonous soft substrates severely limited the benthic community.
Green algae, golden browns and cyanobacteria were present, but red algae were not. Diatoms
accounted for most of the biomass in the periphyton community, and of these, Cymbella sinuate was
the dominant species. All but one of the diatom metrics indicated excellent biological integrity when
compared with biocriteria for prairie streams. Only a few deformed valves of Fragilaria vaucheriae
indicated minor impairment of aquatic life uses at this site. Chlorophyll-a concentrations were less than
10 mg/mZin the lower segments of the river, from Miles City to Sidney. Chlorophyll-a concentrations
near Sidney in August 2000 were approximately 4.5 mg/m2.

The Shannon Diversity Index based on six of Water's samples from August-November 1975 at Intake
ranged from 0.83 - 2.46, and at Sidney ranged from 0.24 - 2.49. (Generally an index >3.0 illustrates a
healthy, unstressed community, while an index <1.0 is indicative of a monospecific community under
stress; an index from 1.0-3.0 seems to illustrate a community under some stress.) Stresses upon
certain Yellowstone communities might be due to large amounts of inorganic sediments and non-
diverse, uniform substrate types of the river bottom in some areas.

Distribution and abundance of Plecoptera, Tricoptera, and Ephemeroptera and Diptera taxa are given
for stations along the length of the Yellowstone River, including near Intake and at Sidney. Shannon
diversity values for Hess samples taken in November 1975 for the stations near Intake and Sidney were
2.46 and 1.30, respectively. Sidney's value was the lowest of all the stations.

Overall habitat conditions scored marginally at a site near Sidney, MT. The field evaluator described the
site thus: "Good flow but very turbid”. Poor riffle development was perceived, and some monotony of the
benthic substrate was reported. Sediment deposition was accorded a marginal score. Overall habitat
score: 50 percent. Human induced flood suppression is decreasing old-growth cottonwood abundance
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CES

AUID Reaches

Description

in riparian areas, and reduced flows are suppressing channel braiding in certain river sections, including
downstream of Glendive.

Mercury concentrations in sauger from the Sidney site were similar to the median and mean
concentrations of mercury from a national study of chemical residues in fish. All fish from the lower
Yellowstone River had DDT in their tissue; concentrations varied from 6.7-17 ug/kg, and were below the
mean concentration of 260 ug/kg taken from samples across the US in 1984. Levels of DDT in fish
tissue near Sidney decreased from approximately 50 pug/kg in 1984 to 13 ug/kg in 1998. No sites in the
Yellowstone River had concentrations of chlordane, dieldrin, DDT or PCBs higher than the national
recommended concentrations for protection of wildlife that eat fish.

Of the 12 organic compounds detected in the fish-tissue samples over the entire Yellowstone River
basin, p,p'-DDE was the only compound detected from the site near Sidney. Levels of DDT in fish tissue
near Sidney have decreased from approximately 50 ug/kg in 1984 to 13 pg/kg in 1998. No sites in the
Yellowstone River had concentrations of chlordane, dieldrin, DDT or PCBs higher than the national
recommended concentrations for protection of wildlife that eat fish.

ND-1010000-001-S_00 D14-16

Same biological datasets as for previous AUID are representative for this AUID and reaches. No North
Dakota specific data available. Qilfield wastewater spill in 2006 into Charbonneau Creek (tributary)
caused fish kill and impacts from brine on aquatic life and livestock use. Impact on Yellowstone not
known.
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The Montana Department of Environmental Quality (DEQ) 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 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 (TMDLs). 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. The North Dakota Department of Health’s Draft 2014 Integrated Report is not yet finalized at the
time of this writing. Detailed beneficial use support data for all 12 assessment units in Montana and North
Dakota is provided in Table 2-7.

Numeric criteria define precise, measurable concentrations of pollutants that are allowable in a
waterbody. Most of Montana’s numeric water-quality criteria are found in Circular DEQ-7.

Regulations under both the federal CWA and Montana’s Water Quality Act ((MCA § 75-5-102(1)) prohibit
the discharge of wastes or pollutants from any point source without a valid permit authorized under the
Montana Pollutant Discharge Elimination System (MPDES). The term “point source” includes any
discernible, confined, and discrete conveyance from which pollutants are, or may be, discharged9.
Typical point sources include publicly-owned treatment works, industrial facilities, storm sewer systems,
and concentrated animal feeding operations. Return flows from irrigated agriculture and agricultural
stormwater runoff are specifically excluded as point sources.

MPDES permits also provide a regulatory process for implementing a waste-load allocation (WLA) that
has been developed for a point source as part of the TMDL for a watershed or specific waterbody.
MPDES permits may be reopened to incorporate the WLA at any time, or the WLA may be incorporated
in the next 5-year permit renewal process. In the absence of an approved TMDL for existing discharges
into a water-quality limited segment, DEQ imposes effluent limitations that prohibit further decline in water
quality.
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Table 2-7
Summary of the 2014 Integrated Report Listings for the Yellowstone River in Montana and North Dakota.

Water- Yellowstone
Length  Use quality CES
Description (mi.) Class Category? Reaches Beneficial Use Support Determinations
MT43B001_011 Wyoming 8.68 A-1 5 PC 1 The 2006 Montana 303(d) list reports that the cold
Border to YNP water fishery and drinking water beneficial uses are
Boundary 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.
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Water- Yellowstone
Length  Use quality CES
Description (mi.) Class Category? Reaches Beneficial Use Support Determinations
MT43B001_010 YNP Boundary 4.79 A-1 5 PC1 The 2006 303(d) list reports that the cold water fishery
to Reese and drinking water beneficial uses are partially
Creek 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 119.0 B-1 4C PC2 to A7 Limited data were available for this segment. Aquatic
to Bridger Life & Cold Water Fishery: The 1998 habitat
Creek 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. Cold water 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  Bridger Creek 56.31 B-1 2 A8 to A17 1996 listings were unionized ammonia, salinity, TDS,
to Laurel PWS 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.
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Water- Yellowstone

Length  Use quality CES
Description (mi.) Class Category? Reaches

Beneficial Use Support Determinations

MT43F001_011  Laurel PWS to 19.4 B-2 5 A18 to B2
Billings PWS

Reach D described as heavily impacted, having lost (as
a result of channel simplification) 24,000 feet (14
percent) 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 percent in this reach.
Geomorphic study defines the reach upstream of
Billings as unconfined braided, with high modification
and 34 percent 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 bioremediated following the cleanup.
Agriculture: Fully Supporting. Drinking Water: Not
Assessed due to insufficient data.

2014 cycle: Not assessed.
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Water- Yellowstone
Length  Use quality CES
Description (mi.) Class Category? Reaches Beneficial Use Support Determinations
MT43F001_010  Billings PWS 10.62 B-3 5,5N B3 to B4 2006 Cycle: This general reach of the Yellowstone
to Huntley Div. River was listed as only partially supporting its aquatic
Dam life, warm-water 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: Aquatic 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.
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Water-
quality
Category?

Yellowstone
CES
Reaches

Use
Class

Length

Description (mi.)

Beneficial Use Support Determinations

MT43Q001_011 Huntley Div. 58.31 B-3 5 B5 to B12

Dam to
Bighorn River

1996: This assessment unit was listed as only partially
supporting its aquatic life, warm water 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, warm water
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 59.51 B-3 4C C1to C11

to Cartersville
Div. Dam

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

Not Assessed 2006-2014 Cycles.
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Water- Yellowstone
Length  Use quality CES
Description (mi.) Class Category? Reaches Beneficial Use Support Determinations
MT42K001_010 Cartersville 88.73 B-3 5 C12to C21 1996: The segment code for this reach of the
Div. Dam to Yellowstone River was MT42K001-1. It was listed for
Powder River 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, warm water fishery, drinking water
and contact recreation beneficial uses. It was
considered fully supporting for agriculture and industry
uses.
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Water- Yellowstone
Length  Use quality CES
Description (mi.) Class Category? Reaches Beneficial Use Support Determinations
42M001_012 Powder River 76.73 B-3 4C D1 to D9 2006: There is still insufficient information to assess
to Lower any use, including the agriculture and industry uses. All
Yellowstone uses need to be evaluated with more updated
Div. Dam information integrating the anticipated large river

protocols. The 2006 303(d) list (as did the 1996 list) will
conservatively report that the aquatic life, warm water
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.

2015. Crude oil spill due to break in Poplar Pipeline
above Glendive results in non support of drinking water
and contact recreation until impacts no longer detected.
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Water- Yellowstone
Length  Use quality CES
Description (mi.) Class Category? Reaches Beneficial Use Support Determinations
MT42M001_011 Lower 53.67 B-3 5 D9 to D13 1996: This assessment unit was listed as only partially
Yellowstone supporting its aquatic life, warm water fishery, drinking
Div. Dam to water supply, recreation and swimmable beneficial
Border 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 this
stream 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, warm water
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.

2015. Crude oil spill due to break in Poplar Pipeline
above Glendive results in non support of drinking water
and contact recreation until impacts no longer detected.
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Water- Yellowstone
Length  Use quality CES
Description (mi.) Class Category® Reaches Beneficial Use Support Determinations
ND-1010000- MT/ND border 21.3 1 2 D14-16 North Dakota’s 1998 303(d) Report listed this
001-S_00 to confluence assessment unit as impaired for Aquatic Life and
with Missouri 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 exceedences for metals and pesticides.

2008 — 2014: No further assessment. Fully supporting
all uses.

"Montana waters classified A-1 Use Class 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.

2/ Under the federal Clean Water Act, the U.S. Environmental Protection Agency (EPA) requires that total maximum daily loads (TMDLs) be
developed for waters impaired by “pollutants,” such as nutrients, sediment, or metals. TMDLs are not required for waters impaired solely by
“pollution,” such as 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. The five categories are defined as follows:

Category 1: Waters for which all applicable beneficial uses have been assessed and all uses have been determined to be fully supported.

Category 2: Waters for which those beneficial uses that have been assessed are fully supported, but some applicable uses have not been
assessed.

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.

Category 4: Waters where one or more beneficial uses have been assessed as being impaired or threatened, however, either all necessary
TMDLs have been completed or are not required:

Subcategory 4A: All TMDLs needed to rectify all identified threats or impairments have been completed and approved.

Subcategory 4B: Waterbodies 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 waterbody-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.
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Subcategory 4C: Identified threats or impairments result from pollution categories such as dewatering or habitat modification and, thus, the
calculation of a Total Maximum Daily Load (TMDL) is not required.

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.

Category 5N: Available data and/or information indicate that a water-quality standard is exceeded because of an apparent natural absent any
identified manmade sources

3/ Yellowstone River Beneficial Support Use interpretations extracted from several 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://deq.mt.gov/wginfo/CWAIC/default. ncpx. 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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Montana waters classified B-1 in Montana 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 Use Class 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.

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.
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3.0 TRANSPORTATION: IMPACTS ON WATER QUALITY

3.1  Roads: Runoff Pollution and Hazardous Material Spills

The matrix of transportation system features along and within the Yellowstone River 100-year inundation
zonepotentially contributes to NPS 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, 2012). Sediment,
nutrients, dissolved solids, metals, and hydrocarbons (gasoline, oil, and grease products) are all potential
pollutants of concern to surface waters that may be generated by the transportation system when
adequate controls are not in place. Additionally, physical habitat loss and degradation is associated with
the actual construction of transportation features while channel migration protection activities (e.g., levees
and riprap) associated with transportation land uses adversely impact riparian and wetland habitat (see
Appendices 6 and 7 and respectively for additional information on physical and functional impacts).

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 SVOC and PAHs were noted for the Billings area (Reach B2).. SVOCs are
manufactured chemicals used in fuels, lubricants, solvents, and pesticides. Potential sources of elevated
levels of SVOCs and PAHs may be transportation related in addition to industrial sources. 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 under Urban/Ex-urban Development.

The extent of transportation facilities within the larger CEA project area and individual reaches is
discussed in detail in Appendix 1 Land Use Change. The corridor contains over 40 miles of transportation
features within the 100-year inundation zone with railroads being the dominant feature. Figure 3-1 depicts
the relative share of transportation features by type.

Figure 3-1 Transportation features within the Yellowstone River 100-year inundation zone
total over 40.5 miles in length with the majority associated with the railroad.

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 products transported
by rail, there is a high potential for impacts to water quality due to collection and delivery of contaminated
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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 system and Burlington
Northern’s train 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.

Except where the Interstate highway and public roads cross the river at bridges, they offer less potential
as they typically are situated at a greater distance from the river and have wider right of ways that may
act as traps and filters for any contaminated runoff or spills. 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.

Bridges by nature provide the highest risk of hazardous materials entering the river from road and rail
facilities. The physical features inventory (2001) identified 54 bridges crossing the Yellowstone River.
Figure 3-2 illustrates their relative distribution by county and type. Twenty of the bridges are owned by
county government and an equal number by the state and interstate system. In general, due in part to the
number and volume of materials transported, the greatest risk of spills is likely to occur at rail, state
highway and interstate bridges. The Montana Department of Transportation’s (MDOT) Motor Vehicle
Safety Program office coordinates compliance with Montana and Federal Motor Carrier Safety
Regulations and Hazardous Materials Regulations. MDOT’s Emergency Operations and Disaster Plan
(Taylor et al., 2005) outlines responsibilities and authorities in dealing with emergency situations like
floods, fires, and hazardous waste spills. Local emergency management entities at the county and city
level are usually the first responders and primary incident managers. Spill or release site investigation,
enforcement, and cleanup is overseen by the Montana Department of Environmental Quality Enforcement
Division which requires remediation reports from contractors or the responsible party.

April 2015 3-2
Technical Appendix 5: Water Quality



USACE Omaha District Yellowstone River Cumulative Effects Assessment

Figure 3-2 About one-third of all Yellowstone River bridges are in Park County and about 20
percent in Yellowstone County. The number drops off in the less populated lower
river where the greater width increases building and maintenance expenses
relative to the number of users.

According to the Burlington Northern Santa Fe Railroad (BNSF), the railroad is in the process of
developing a Yellowstone Sub-Area Contingency Plan in conjunction with the US EPA Region 8
Emergency Response Unit and the Montana-Wyoming Oil Spill Cooperative (Winslow, 2015). The
contingency plan will include development of shoreline response plans that take into consideration spatial
and environmental characteristics of a spill site that may influence assessment and cleanup techniques.
The BNSF railroad uses a three-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.

Investigations conducted in northern regions of the country by the USGS indicate that chloride toxicity is a
growing issue in rivers and streams adjacent to transportation routes where magnesium and sodium
chloride de-icing products are used. The products are used in traction sand and in liquid form applied to
high hazard traffic areas such as intersections. The USGS report noted that chloride concentrations in
winter doubled in the study streams between 1990 and 2011. Fifty-five percent of the streams sampled
exceeded USEPA chronic aquatic life standards and 25 percent exceed acute standards for chloride

3-3 April 2015
Technical Appendix 5: Water Quality



Yellowstone River Cumulative Effects Assessment USACE Omaha District

(Corsi et al., 2010). The streams studied are primarily near urban areas and are smaller in size so they
lack the capacity to dilute concentrated contaminates. Many city, county and state road crews use the
products on Montana’s travel corridors.

While the Yellowstone River is likely too large to experience widespread impacts of chloride-laden runoff,
appropriate location and incorporation of approved best management practices such as runoff detention
and infiltration areas and rapid spill response plans helps to control potential pollution associated with
transportation features that may locally affect aquatic life in receiving waters.

Permits for stormwater, Section 404 (aquatic disturbance), and Section 401 (standards certification) for
transportation projects are reviewed by DEQ to ensure that appropriate decisions to “avoid, minimize, and
mitigate” are made and that adequate attention is given to BMPs. Through the TMDL planning process
DEQ also evaluates transportation system waterbody—pollutant specific concerns to address significant
causes of impairment.

3.2 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 (Figure 3-3) .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 were noted as
the greatest threats 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 moderate, and six had no risk
under their current operation as they are no longer in use. Figure 3-4 provides the number of occurrences
by geomorphic reach ID respectively, with Reaches B1 and B2 in Yellowstone County having the greatest
number of pipelines. Figure 3-5 provides the commaodities 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 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, that many more fish and other aquatic and terrestrial organisms within the floodplain,
which were not found, died as a result of the spill. 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 not supported due to the spill.

While recent samples have tested below state water-quality standards, it is apparent that there is still oil
residing in the bed-sediment as a result of the Silvertip pipeline spill. Until the oil is dissipated by
biological degradation, it will continue to be listed (MDEQ, 2014).

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 water supply. An estimated 30,000 gallons
of crude oil was released into the river.Glendive’s municipal water supply was shut down for several days.
Due to extensive ice cover on the river, attempts to contain the spilled oil were largely unsuccessful. The
spill impacted an area at least 90 miles in length and was confirmed as far downstream as Williston, ND.
Tests of fish tissue below the break confirmed the presence of PAHs prompting MFWP to issue a fish
consumption advisory due to the detection of the petroleum products (MFWP 2015).
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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 should be considered as a BMP for all new and pipeline
crossings older than 20 years on the Yellowstone River to insure they are properly installed and
maintained as the river only has so much assimilative capacity to tolerate oil spills and maintain its
ecological integrity.

Figure 3-3 The number of pipeline crossings on the Yellowstone River is greatest in
Yellowstone County. Data Source: Atkins 2012.
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Figure 3-4 Reaches B1 and B2 contain the greatest number of pipeline crossings and within
the CMZ.
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Figure 3-5 Types of commodities carried by pipelines within the Yellowstone River CMZ. Data
Source: Atkins 2012.

Oil and gas production can also discharge pollutants to the river through the MPDES permit process or
accidently from leaking 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 estimate 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. The number of brine spills has been increasing as production ramps up since brine
contaminated water is often a byproduct of production.

In 2006, a faulty plastic pipeline weld spilled an estimated one million gallons of brine into Charbonneau
Creek, which discharges to the Yellowstone River in North Dakota killed aquatic life and vegetation. The
water and soil remained contaminated for years impacting ranchers who used the water.

A recent brine spill of about three 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. As of the 2011 Yellowstone River land use mapping report, there were about 51 drill or
production pads occupying a total of 140 acres located within the river corridor in Reaches D5 to D16.
Reaches D14 and D16 have nearly 60 percent of the total pads. Likely this number has increased since
2011 given the rate of drilling activity in the area. Best management practices to include closed loop brine
water storage and pipeline leak monitors and shutoff valves are recommended on wells close to the river
in order to minimize a risk of a spill discharging into the river.
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Petroleum hydrocarbons and volatile organic compounds (VOCs) are considered toxic substances with
some noted as carcinogens (benzene and xylene) 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 further 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 groundwater (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 polycyclic aromatic hydrocarbon
compounds that were high enough to pose a potential threat to aquatic life.

Natural gas and related materials offer 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 the Environmental Protection Agency (EPA) as a water pollutant (MDEQ 2012).
The 2012 Atkins report also strongly recommended that regulatory authorities require the use of
horizontal directional drilling technology as a BMP for installing future pipeline crossings and to relocate
existing crossings in order to increase separation between pipelines and the river at crossings.

3.3  Agriculture: Impacts on Water Quality

Potential pollutants from agricultural sources include sediment, nutrients, salts, pathogens, and
pesticides. Habitat alterations and agricultural runoff may also increase water temperature (MDEQ, 2012).
Agricultural runoff and return flows are typically considered nonpoint sources. Agricultural point sources
are regulated under the Clean Water Act (USC) or the Montana Water Quality Act (MCL). Point sources
discharging to waters of the US or state waters within the Yellowstone River are discussed further under
Urban/Exurban Development.

An array of best management practices (BMPs) are recommended to reduce pollution related to
agricultural nonpoint sources under Montana’s Nonpoint Source Management Plan (2012). The following
topics are discussed relative to the various forms of potential agricultural pollutants affecting the
Yellowstone River.

3.4 Crop Production Runoff

Dryland and in particular irrigated agriculture within the Yellowstone River watershed has the potential to
impact water quality due to discharge of 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.
Not all these sources are located within the corridor, in fact, most are located within tributaries far 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. Use of appropriate irrigation BMPs through an irrigation management plan can significantly
reduce pollutant transport and delivery to the Yellowstone River. While field specific water-quality studies
are not available for the Yellowstone River, numerous herbicides and pesticides have been detected
throughout the corridor in surface and groundwater in addition to observed increases in dissolved solids,
suspended sediment and nutrients in major tributaries such as the Bighorn and Clarks Fork Yellowstone

April 2015 3-8
Technical Appendix 5: Water Quality



USACE Omaha District Yellowstone River Cumulative Effects Assessment

River Yellowstone (Peterson et al., 2004). The results of these reach level studies demonstrate that
relatively low to moderate levels of nonpoint source pollutants are being transported and delivered to the
river in many parts of the Yellowstone watershed. Further targeted conservation education,
demonstration, and outreach is necessary to eliminate these sources of pollution in the future before they
cause long-term impairments to the multiple uses of the river.

3.5 Animal Feeding Operations (AFOs)

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
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 water-borne pathogens
(bacteria, viruses, and protozoans) to ground and surface waters (US Environmental Protection Agency,
2014). They may also release ammonia, odors, and other airborne pollutants that enter waterways. AFOs
are considered non-point sources. Certain AFO facilities may be defined or designated as a Concentrated
Animal Feeding Operation (CAFO) based on size and having a discharge to state waters. As point
sources, CAFOs are regulated under Montana Pollutant Discharge Elimination System (MPDES) Permits
in Montana (and similar permits in North Dakota. Both general and individual permits may be issued
based on size and site factors. The permit defines when and how discharges are allowed from the CAFO
and requires recordkeeping and other controls on potential sources of pollution from the facility. Properly
sited and managed to avoid discharges, AFOs can operate without contributing pollutants to nearby
waterways.

The 2013 land-use inventory and analysis (DTM) indicates that there are about 41 individual AFO
operations on about 431 acres within the 100-year inundation boundary. These facilities are cattle
operations for the most part. Figure 3-6 displays the relative distribution of mapped AFOs along the
corridor. 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 issued under the Montana Pollutant Discharge Elimination System
(MPDES) within one-mile of the Yellowstone River in Montana (DEQ, 2015).
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Figure 3-6 Animal feeding operations by geomorphic reach within the 100-year inundation
zone along the Yellowstone River are shown. The vertical Y-axis shows both the
number and size (acres) of the operations based on the 2013 Land Use Mapping
data. Most operations occur in the lower river where more corn and silage is grown
and used for cattle feed.

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 within the Yellowstone watershed likely due to sewage treatment plants, agricultural
livestock, domestic animals, wildlife waste, and septic systems; however, most of the bacteria colony
exceedences were noted to occur within tributaries and not in the Yellowstone River (Peterson et al.,
2004).

3.6 Irrigation Withdrawals/Flow Depletion

Depletion of flows to the point that aquatic life is affected 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 Appendix 2 Hydrology potentially can affect summer low flows in the lower Yellowstone River
to the point that the river's capacity to dilute pollutants is diminished, as well as the River’s capacity to
cool warmer water temperature inflows from return flows. Dilution capacity is important as the 7Q10 flow
(minimum flow over seven consecutive days with a 10-year recurrence interval) is used to calculate
allowable discharges for MPDES permits under the Clean Water Act. These permits are issued for 5-year
periods under individual (major) and general permits and pollutant levels could potentially rise during low
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flow periods in the interim. Since the impact of some pollutants (toxins and bioaccumulated pollutants) are
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.

3.7 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
hayland may result in an increased potential for nutrients, salts, and sediment to enter the river due to
removal of the vegetative buffer. 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 groundwater in the YR corridor (Miller et
al., 2005; Peterson et al., 2004; Mulder and Schmidt, 2001).

The physical extent and functional implications of riparian conversions to agricultural land is discussed in
Appendix 1 and 7. 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.

3.8 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 Appendix 7, livestock grazing may simplify riparian habitats by removing excess biomass, reducing
woody cover, physically trampling banks, 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, 2012). The largest estimated source of nitrogen and phosphorus
loading in the Yellowstone River watershed is non-agricultural lands, however by definition this land use
includes rangeland. Point sources, crop fertilizers, livestock, and atmospheric deposition (for nitrogen) are
other sources (Frankforter and Wright, 2015; Peterson, et al., 2004; Smith et al., 1997) estimated that
fertilizer and manure contributed 45 percent of the phosphorus to the Clarks Fork Yellowstone River
Yellowstone River. The Yellowstone SPARROW model predicted that animal manure is responsible for
22 percent of total phosphorus yield (Frankforter and Wright 2015) in the basin. Phosphorus occurs
naturally in the igneous and marine sedimentary rocks that are prevalent in the YRB.

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. Use of presecribed grazing practices is
recommended for all grazing lands but in particular for grazing lands within the river’s valley corridor.
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4.0 URBAN/EX-URBAN DEVELOPMENT: IMPACTS ON WATER
QUALITY

As land use intensifies and urban/ex-urban development occupies an increasingly greater portion of the
watershed and near channel landscape, there is greater potential for water quality to be adversely
affected primarily due to on and offsite 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.

4.1 Conversion of Riparian Habitat to Urban/Ex-urban Development: Increased
Runoff, Pesticides, and Nutrients.
Discussions regarding the extent and spatial distribution of riparian and wetland habitat conversion to
urban and ex-urban development is addressed in the respective CEA chapters. Additional detail
concerning conversion of riparian habitat to urban/exurban development is found in Appendix 1
Land Use. Table 4-1 summarizes the extent of conversion of riparian habitat to urban-ex-urban
development between 1950 and 2011 within specific reaches. The analysis is not available for the PC
Region. The extent of change indicates that the conversion is closely related to the proximity to large
urban areas. Substantially lower extents of conversion are noted in areas near to smaller communities
along the corridor (not depicted).

Table 4-1
Percent conversion of riparian cover in 1950 to urban-ex-urban land use in 2011.

Reach B1 Reach B2 Reach B3 Reach C17 Reach D6

5% 50% 17% 18% 9%

Loss of riparian cover to urban and ex-urban development can increase the potential for pollutants to
enter waterways for largely the same reasons as discussed for agricultural conversions. Urban and ex-
urban areas typically have higher proportions of impervious surfaces associated with roads, streets,
parking lots and roofs which alter hydrology. 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 adjacent to the river with multiple stormwater discharges feeding either directly into the river or
into tributaries a short distance from their mouths can locally impact the river through altered hydrology
and discharged pollutants.

The USGS Yellowstone River NAWQA Program (Peterson et al., 2004; Peterson and Porter, 2002)
identified nutrient enrichment and detected several other pollutant categories (SVOCs and pesticides in
water, fish tissue, and sediment) in river segments downstream of the Clarks Fork Yellowstone River
Yellowstone River through the Billings area. The related studies suggested that these pollutants
originated from urban and industrial sources as well as agricultural sources in the Clarks Fork
Yellowstone River. Many studies have noted that similar pollutants are often associated with urban
development due to the increase in impervious surfaces and that urban stormwater systems often
discharge directly to waterways bypassing water treatment facilities. Alteration of receiving streams’
hydrologic regime, channel morphology, and water quality result (Klapproth and Johnson, 2009; May et
al., 1997). The concurrent loss of riparian and wetland cover in areas near urban communities likely
magnifies the impact of urban/ex-urban development on water quality due to the loss of near stream
natural areas that can help to immobilize or sequester such pollutants before reaching the Yellowstone
River. May et al. (1997) reported that as small as a 10 percent increase in urbanized area led to an
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altered hydrologic regime, channel morphology, and reduced measures of water quality in receiving
waters.

Municipal wastewater treatment plants (WWTPs) and onsite 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 discharge permits issued through the
Montana Pollutant Discharge Elimination System. The permits provide for discharge of designated
pollutants under specific conditions outlined in the permit. Some 36 major MDPES dischargers issued
under individual permits are located within Montana. Nearly half (17) of these major permits are in the
Yellowstone watershed with 13 located within the Yellowstone River corridor. Five of these WWTPs are
major dischargers with individual permits (Livingston, Billings, Miles City, Glendive, and Sidney). The
USGS report by Peterson and others (2004) also noted that wastewater treatment plants along the river
have continued to improve their technology and performance in removing sewage water-born 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) although some degree of impairment continues. The Yellowstone SPARROW model predicted that
some five 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 HUC, WWTPs contributed
nearly 40 percent of total nitrogen yield, although upgrades could have since reduced this proportion
(Frankforter and Wright 2015).

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 groundwater (MDEQ, 2012) Elevated levels of nitrate were found in ground
and surface water draining developments in the Billings area by Mueller and Schmidt (2011). The use of
best management practices to design, install, and maintain approved septic systems is needed to
eliminate excess pollutants entering surface waters via groundwater return flow.

About 124,000 household sewage disposal systems (i.e., on-site septic systems) are utilized in Montana
(MDEQ 2014). 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. The tool
uses population census blocks and municipal boundaries (where municipal sewer systems are presumed
available) to map estimated septic system densities assuming one septic system for every 2.5 people.
The estimated densities and ratings themselves do not necessarily indicate pollution but do help to look at
the risk potential that occurs with higher densities of septic systems closer to the river. The ratings could
be used to target outreach on septic tank maintenance requirements and related best management
practice information.

To help understand trend in the basin, a comparison was made in the changes between a 1990 rating
and a 2010 rating for the entire river corridor using a one-half mile buffer along the river (one-mile wide
corridor). The acreage of the high, medium, and low septic density ratings were normalized by valley mile
to aid in comparison since reaches are variable in acreage. Figure 4-1 depicts those river reaches where
change in excess of 0.2 acres per valley mile was noted.

Table 4-2 provides the raw 2010 risk category acreages for the CEA regions showing that Region B has
the largest acreage in the medium risk and high risk categories as a result of the population growth there
and number of farms. The Park County (PC) Region is not far behind given the expansion of rural/ex-
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urban developments that have taken place there over the past 20 years or so. Low risk acreage basically
represents the area of the one-mile wide corridor that is not medium or high risk area.

Table 4-2
Acreages of septic tank density risk ratings for Yellowstone River regions (2010).

PC 55,305 21 1,178 12 238 9
A 57,372 18 894 14 76 9
B 49,846 12 2,122 5 364 5
C 86,642 21 340 6 76 2
D 80,010 14 289 5 102 3

Landfills, particularly unlined solid waste disposal facilities, pose a threat to surface water and
groundwater-quality as harmful and toxic substances can leach into shallow groundwater aquifers or
surface waters. Water-borne 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 Montana Department of Environmental Quality. There are at least three currently
operating landfill facilities within one-mile of the Yellowstone River corridor. The landfill database at
NRIS’s Digital Atlas of Montana (2014) shows there are five closed facilities within one-half mile of the
river: Big Timber, Columbus, Lockwood, Custer, and Forsyth. Additionally, there is an old closed facility
adjacent to the river near Livingston not included in the database. The 2001 Physical Features inventory
identified a number of dump sites adjacent to the river that pose potential risk for leaching of pollutants
into the river but no data is available by which to qualify the potential pollution risk. State regulations are
in place that address the proper placement of waste dumps on private land and should be enforced to
minimize this source of pollution risk to the Yellowstone River.
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Figure 4-1 The change in acreages (per valley mile) of estimated septic tank density risk
ratings that occur within CEA reaches are shown. In Park County (PC reaches),
densities are the highest in Reach PC13 (Carters Bridge to Interstate and PC15,
Mayors 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.
Note that reaches not shown in the chart had very low to no change evident in risk
ratings between 1999 and 2010.

When complex riparian systems are simplified or reduced by changing the vegetation, soils, and/or water-
flow patterns, their ability to filter pollutants is greatly diminished. Riparian and wetland areas that have
been converted to lawns or small acreage pastures for domestic livestock suffer from higher levels of
nutrients, sediment, and bacteria. This can also lead to nuisance or toxic algae blooms, elevated water
temperatures, greater channel erosion, and greater damage to property from flooding.

Stormwater runoff from urban and ex-urban 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). MPDES general
discharge permits require contractors to protect state waters from construction activities that disturb more
than one acre as part of a project (MDEQ, 2012). DEQ provides information and educational materials
regarding how construction activities can harm water resources and what efforts and requirements
contractors and private citizens can, or must, take to minimize the effects of construction activity. See
Administrative Rules of Montana, Title 17, Chapter 30, Subchapters 11 and 13 pertaining to Small MS4
Storm Water Discharge Permitting.

Over 260 MPDES stormwater permits are currently in place for construction activities within one mile of
the Yellowstone River in Montana (MDEQ, 2014d). Sixty-five permits are for subdivision and ex-urban
development. Stormwater runoff from urban and industrial areas is a significant source of pollutants such
as oil and grease, pesticides, fertilizers, bacteria, and metals (e.g., lead, copper, zinc). In the Yellowstone
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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: Billings, Bozeman, Butte, Great Falls, Helena, Kalispell, and
Missoula. Additionally, portions of Yellowstone County and Montana Department of Transportation
facilities (within the designated urban areas that require permits) hold discharge permits requiring six
minimum measures: public education and outreach, public involvement, illicit discharge detection and
elimination, construction site runoff controls, post-construction stormwater management, and pollution
prevention (MDEQ, 2012).

Smith et al. (1997) estimated that about 60 percent of the average total nitrogen yield in the Yellowstone
River Basin was from non-agricultural sources, including rangeland. The use of constructed or restored
wetlands in agricultural and urban/ex-urban areas to capture and treat surface and groundwater flow to
remove nitrate-nitrogen is suggested. Collins and Gillies ((2014) showed a 17-percent reduction in nitrate-
N in receiving streams with use of constructed wetlands. Harrison et al. (2014) showed that oxbow
wetlands adjacent to restored urban streams were capable of serving as sinks for N and P. Design of
wetlands needs to balance connectivity to stream and residence retention time if nutrient removal is the
objective. Anaerobic conditions can lead to release of available P due to mineralization of organic P in
wetland particularly if development in uplands has led to accumulation of P in wetlands. Low Impact
Development (LID) practices can be used to mitigate impacts of impervious surfaces. Long and Dymond
(2014) demonstrated that bioretention ponds can be used to reduce peak stormwater runoff by 51 percent
and runoff temperatures an average of 8.6°C, particularly if used in a BMP ‘train’ of LID practices in series
to reduce and detain stormwater runoff.

Urban and ex-urban development requires adequate sources of high quality water to serve residents and
businesses. Figure 5-1 shows the location of over 80 Public Water Supply (PWS) systems within one-mile
of the Yellowstone River in Montana (MDEQ, 2014b). Data for North Dakota was not available. These
PWS systems serve nearly 165,000 people using ground and surface water sources. Municipal systems
drawing on surface water from the Yellowstone River serve nearly 90 percent of these customers. The
communities of Billings, Lockwood, Laurel, Hysham, Forsyth, Miles City, and Glendive depend on surface
water quality and quantity to meet their residents water needs (MDEQ, 2014b). Alterations to water
quality and quantity in the Yellowstone River would negatively impact these communities. Late summer
limitations in streamflow have affected PWSs 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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5.0 INDUSTRIAL DEVELOPMENT: IMPACTS ON WATER QUALITY

5.1 Industrial Wastewater Discharge: Surface and Groundwater Pollution from
Return Flows
Wastewater discharge returns water to the Yellowstone River. Eight MPDES-permitted industrial facilities
discharge process wastewater to the Yellowstone River following treatment (MDEQ 2014). These
Individual (major) MPDES permitees in the corridor are the Montana Rail Link Yard — Livingston; Corette
Thermal Plant - Billings (presently offline); Exxon Mobile refinery- Billings; Phillips 66 refinery - Billings;
Cenex Harvest States refinery - Billings; Western Sugar Cooperative — Billings; MDU Lewis and Clark
Steam Electric Power Plant - Sidney; and Sidney Sugars - Sidney. Twelve smaller community waste
water treatment systems are considered minor MPDES dischargers to the Yellowstone River.

Another Individual MPDES Permit holder, East Rosebud Coal Mine — Decker, withdraws water from the
Yellowstone River, but discharges runoff and wastewater into a number of small tributaries before
reaching the Yellowstone River. An additional four mineral or coal mining operations are MPDES
permitted in the watershed but do not discharge directly to the Yellowstone River. Open cut coal mining
can cause an increase in dissolved salts (TDS) inputs to surface and ground water due to exposure of the
coal seam and spoil piles. The mining process shatters geologic material and exposes reactive minerals
to accelerated weathering and oxidation which releases salts, primarily SO42-, HCOs., Ca2* and Mg?*-.
The weathering and leaching process has been shown to last two to three decades before these ions
return to original pre-mining salinity levels (Evans, et al. 2014).
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Figure 5-1 Map of the more than 80 Public Water Supply Systems (PWSs) within one-mile of
the Yellowstone River in Montana. Eight of these 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. Maintaining clean ground and surface water in the Yellowstone River
corridor is extremely vital to a healthy economy and public. Map source: Montana
DEQ, Water Protection Bureau, Helena, MT.

Industrial discharges can potentially affect water quality by contributing manufacturing or processing
waste products such as ammonia, SVOCs, PAHSs, solvents, nutrients, chlorides, sulfates, metals, grease
and other pollutants. 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. In
some cases, mixing zones in the river may be up to several miles long or not permitted. 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 insure conformity with effluent limitations specified in the
individual permits.

The mapping DEQ’s data application (2015b) has a total of 27 gravel pits that are located within about
one-half mile of the Yellowstone River. Gravel pit operators disturbing more than 10,000 cubic yards
cumulative are regulated by MDEQ under the state’s open cut mining laws (MCA 82-4-434 (3)(l)) (MDEQ
2013b). Gravel pits may also be required to obtain and follow a MPDES stormwater discharge permit if
they discharge to state water. Gravel pits that discharge are prohibited from negatively impacting water
quality or associated resources. Operators following approved best management practices and properly
reclaiming disturbed ground generally are not a risk to water quality.
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5.2 Industrial Water Use: Water Withdrawals/Flow Depletion

As noted previously, increased water depletions in the Yellowstone River that diminishes discharge have
the potential to affect the assimilative capacity of the river in diluting and degrading pollutants. As noted in
Appendix 2, industrial water use consumes an estimated 11 million gallons per day (Mgal/Day) of
Yellowstone basin water (2000 data) which is relatively minor compared to irrigated agriculture’s use of
water (3,012 Mgal/Day). Thermoelectric powerplants are the second highest users of Yellowstone basin
water using about 110 Mgal/Day.

Coal mining uses relatively less water than power production but development facilities proposed in the
lower Yellowstone River basin (and Powder River basin) could measurably add to water demand in the
future. 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).

CBNG production produces water if production water is discharged to the surface. As such, ground water
levels may be locally depleted within the cone of depression created by pumping a well field. CBNG
production water typically has elevated TDS and SAR levels (Clark, 2012; Clark and Mason, 2006).
Elevated SAR and TDS levels can have detrimental impacts on soil. Montana has enacted the Coal Bed
Methane Protection Program (MCA, 2014) (Mont. Code Ann.§ 76-15-901, et seq.) that provides a process
in which claims to damage of land and water quality or availability related to CBNG wells are assessed by
local conservation districts. In some cases, production water is treated, infiltrated (land applied), or deep
injected in order to meet water-quality standards. Discharging CBNG wells in Montana require a MPDES
permit to discharge with the permit setting effluent limits for the pertinent constituents. The declining price
of natural gas has reduced the development and permitting of CBNG wells in the Powder River basin in
Montana in recent years so production water has declined and the current degree of water production is
not known. No CBNG wells currently discharge directly into the Yellowstone River. Existing Montana
CBNG wells discharge into the Tongue River. Large numbers of CBNG wells discharge into the Powder
and Tongue Rivers in Wyoming, although recent studies have shown no steady statistical trends in major
ions over time (Sando et al. 2014). Until the price of natural gas rises, additional wells are not anticipated.

The recent expansion of oil and natural gas drilling and production into the lower Yellowstone River valley
near Sidney and Glendive as part of resource extraction activity in the Bakken and Williston Basin in
North Dakota and Montana creates additional demand for water resources. The ‘fracking’ process used to
enhance extraction of natural gas and oil from shale formations requires abundant water resources.
Several million gallons of water are utilized 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 it is removed
from, 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 may affect late season flows in the middle and lower river to the point that concentrations of
common water-quality constituents and physical properties like water temperature are elevated and
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.
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5.3 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 Technical
Appendix 6 Biology: Terrestrial Plants (Riparian Systems) and Technical Appendix 7 Biology: Aquatic
Plants (Wetland Systems). A few invasive species also have potential to impact water quality in that the
plants contain compounds that are soluble in water. Russian olive (Elaeagnus angustifolia) and saltcedar
(Tamarix spp.) are two invasive species discussed here that have been shown to affect water quality.

5.4 Russian Olive and Saltcedar

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 (USFS, 2015) (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 here in Montana (Meridith and Wheaton, 2011) so
impacts on the quantity of water resources may not be so severe in this climate.

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 subsidize delivery of organic nitrogen to surface
and ground water. The added nutrients have the potential to 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 olive 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 (Cyprinus spp.) (O’'Connell, 2014).

5.5 Aquatic Invasives

A number of aquatic invasive species have the potential to affect water quality by altering the amount of
organic material in the carbon cycle that is decomposed in the river. Growth of dense masses of
submerged and emergent invasive aquatic species are benefited by elevated nutrients in water. These
species (see the invasive species chapters in Technical Appendices 6 and 7 for additional information)
can reduce streamflow and alter DO levels and water temperature. The added load of decomposing
organic materials created by invasives can then tie up DO harming aquatic life. Floating, single celled
algae and phytoplankton can increase the turbidity of water which allows the water to absorb more solar
energy. 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 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 insure that these potential threats are not fulfilled in the
Yellowstone River basin.
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6.0 OFF CORRIDOR IMPACTS

6.1  Yellowtail Dam: Altered Hydrograph, Stream Morphology, Water
Temperature, and Sediment Alterations

Impacts of the Bighorn River on the hydrology of the lower Yellowstone River have been discussed

throughout many of the CEA Technical Appendices and individual river element narratives. 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 that water (Soltero et al., 1973). Because of the operation of the Dam in regulating flows,
this 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 uses in the Yellowstone increase resulting in diminished summer discharge below the
Bighorn, there is the potential that TDS in the Yellowstone could be measurably affected during
low-flow periods.

¢ Yellowtail Dam discharges water that is cooler than natural conditions. This discharge supports a
Blue Ribbon cold-water trout fishery below the Dam. Summer water temperatures below the
mouth of the Bighorn do not seem to be appreciably affected by this cold-water 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. However, data
and studies analyzing the possible impacts of this potential effect are lacking.

e Mercury accumulation in fish in Bighorn Lake does not appear to affect fish downstream given the
chemical process that facilitates biologic uptake of mobile mercury.

e Yellowtail Dam has a history of gas bubble trauma in trout caused by the supersaturation of
nitrogen in discharged water under certain flow conditions. The condition is most prominent in the
Afterbay pool and in the upper three miles of river below the Afterbay Dam. Fish are temporarily
affected to varying degrees and in some cases do die. The problem does not seem to persist into
the Yellowstone River as the nitrogen gas saturation levels decline to where they are no longer
injurious to fish.

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). Sauger are designated a "S2" species of special concern by the Montana Natural Heritage
Program, Montana Department of Fish, Wildlife & Parks, and the Montana Chapter of the
American Fisheries Society.

6.2 Climate Change

Specific climate projections and analyses have not been made as part of the Yellowstone CEA, 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 impacts suggested by a review of climate change literature
relative to water quality in the Yellowstone ecosystem.

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
(Leppi et al., 2011; Stewart et al., 2004; Mote, 2003). These mechanisms are directly related to variability
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in climate, primarily precipitation and temperature. Less precipitation and warmer winter temperatures
may be more the norm in the Yellowstone basin. In the northern Great Plains area, which encompasses
the Yellowstone River Basin, precipitation has decreased by 10 to 20 percent since 1990 (IPCC, 1998).
Graumlich et al. (2003) used tree rings to study climatic variation in the upper Yellowstone watershed. A
much drier climate may better represent long-term conditions in the Yellowstone watershed based on
their results. Warmer air and water temperatures coupled with reduced stream flow can be expected to
negatively affect water quality in the Yellowstone basin (Miller, 2008).

Decreased flows during past drought periods have lessened the diluting effect of streams on inflows
(including surface and ground water), resulting in increased concentrations of dissolved pollutants. For
example, substantial increases in nitrate nitrogen (NO3-N) concentrations were noted during drought
years (2000-2001) due to less dilution of nitrate-rich ground water discharges (Miller, 1999). Lower
dissolved-oxygen levels and higher stream temperatures also may occur during extended periods of low
flows, adversely affecting aquatic life (Matthai, 1979; Miller, 2008). Similar or even greater pollutant
concentrations may be expected in a drier climate when demand for water resources in the Yellowstone
River may be heightened.

A warming and drier climate likely will create conditions more suitable for invasive species and amplify the
negative impacts of invasive species discussed in the previous section of this report. As the impact of
invasive species may alter the function of riparian and wetland habitats the capacity of these areas to trap
and sequester pollutants will decline with potential increases in pollutant loads from adjacent ex-urban
and agricultural land. Riparian buffers have been shown to reduce groundwater nitrate by 76 to 92
percent as nutrient laden water moves through the riparian buffer (Wiseman et al., 2004). Boggs (1984)
showed that carbon, nitrogen, sodium, and potassium were stored in riparian habitat reaching highest
sequestration levels in mid-seral stages compared to grasslands. The nutrients stored in converted or
degraded riparian habitat will leach out as the organic material is decomposed altering the nutrient flux in
adjacent waters. Wetlands also have been shown to provide effective removal of nitrates in groundwater,
stormwater volume reduction, and to moderate runoff water temperature from impervious surfaces (Lang
et al., 2014; Collins and Gillies, 2014; Harrison et al., 2014). Reduction in the extent and function of
riparian and wetland habitat, whether through the impact of invasive species or conversion to other uses,
will alter these functions that presently benefit water quality.

The impacts of climate change on water quality in the Yellowstone River basin may be different for upper
and lower segments of the river due to differences in elevation, precipitation, air temperature, land cover
and use, and the contribution of return flows from irrigation. The recommended approach to best
accommodate the impacts of climate change is an adaptive management approach that utilizes effective
monitoring, flexibility, and collaborative planning to protect water quality and quantity in the basin (DNRC,
2015).
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1.0 INTRODUCTION

The following Appendix summarizes the Biology: Terrestrial Plants (Riparian Systems) data and analysis
used in support of the Yellowstone River Cumulative Effects Assessment (CEA). The analysis is based on
the following series of existing primary data sources as well as information extracted from supporting
references. The objective of this document is to provide an overview and summary of the riparian
resource that can be used to help evaluate results that have been reached in other components of the
CEA. This Appendix presents only a portion of the riparian vegetation statistics developed for the
Yellowstone River. The intent is to provide a basic synopsis of the primary results of the analyses, and to
help establish pertinent information for use by other disciplines in the evaluation of human impacts in the
Yellowstone River corridor. All supporting documents referenced are available for public review and
evaluation.

Data analysis and discussion in this riparian technical reference is presented primarily for the 67
geomorphic reaches delineated within the four physiographic regions (A-D) between the Park County
(Montana) county line near Springdale and the river’'s confluence with the Missouri River in McKenzie
County, North Dakota. Ten geomorphic classifications were used to designate the reaches. The reach
designations reflect geomorphic differences in stream condition such as pattern (number of side channels
and sinuosity) and confinement status that influence riparian potential, among other attributes.
Descriptions of the regions and geomorphic reach types are found in Chapter 3 of the CEA report. Reach
descriptions describing a summary of attributes for all reaches are located in Chapter 3. Reference to
data and analysis for the Park County (Montana) portion of the river is made when appropriate, primarily
for purposes of comparison to the upper river.

The primary data sources used include the following documents:

1. Yellowstone River Riparian Vegetation Mapping. (DTM and AGI, 2008, updated 2012). This
report evaluates the extent and change in four riparian vegetation classes in the Yellowstone
River between the Park County line (Springdale) and the mouth of the river in North Dakota at
three relative points in time: 1950, 1976, and 2001. In addition to the basic vegetation polygon
metrics evaluated by reach, region, and channel type, the mapping includes determination and
evaluation of spatial complexity (polygon counts, perimeter/area ratio, and nearest neighbor
distance). The 100-year inundation boundary with a one-tenth-mile buffer added was used to
define the lateral extent of the riparian mapping in each of the 67 geomorphic reaches
established between Springdale and the river's mouth. The riparian mapping effort did not extend
to Park County since it had previously been mapped and analyzed under an earlier effort (see
No. 6 below).

2. Yellowstone River Land Use Mapping and Analysis, (DTM ,2013). This report provides results
of land use mapping of digitized polygons using 1948-1950s, 1976-1977, 1999-2001, and 2012
aerial imagery. Four tiers of nested land use attributes were delineated within the GIS-modeled
100-year inundation boundary plus a buffer of 500 meters.

3. Avian Habitat Relationships: A Literature Review and Assessment, (Jones, 2014). This
report provides a review of pertinent literature on observed relationships between riparian birds
and land use/riparian habitat resources and invasive species. The report also evaluates the
potential impact of human induced land use changes along the Yellowstone River on forest
habitat loss and fragmentation, structurally complex cottonwood forest habitat, and the impact of
habitat changes on population dynamics of an invasive bird species: Brown-headed Cowbird.
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Russian olive and saltcedar research provide some insights into possible impacts on avian
species.

4. Yellowstone River Wetland/Riparian Change Detection Pilot Study, (Kudray and Schemm,
2006). This report provides the results of a pilot study to determine if wetland and riparian
vegetation in two representative reaches (A16 and D6) could be accurately mapped using
digitized historical aerial photography (30s, 50s, 70s, 90s, and 2001). General Land Office
surveyor’s notes were also used to evaluate their potential to assess historic vegetative
conditions.

5. Russian olive (Elaeagnus angustifolia L.) Distribution Mapping for the Yellowstone River
and Tributaries Using Feature Analysis Software, an Extension for ArcMap, (Combs and
Potter, 2011). This Technical Guide document describes a NRCS project to delineate the
distribution and extent of Russian olive along the Yellowstone River and its major tributaries in
Montana. A variable-width project area was delineated that encompassed the floodplain and
valley floor. Feature Analyst, an ArcMap extension, was used to identify and delineate individual
plants and polygons using National Agriculture Imagery Program (NAIP) imagery. Manual editing
was used to further refine the mapping product for which county level metrics were calculated.

6. Temporal patterns of channel migration, fluvial events, and associated vegetation along
the upper Yellowstone River, Montana, (Merigliano, M.F. and M.L. Polzin, 2003). College of
Forestry and Conservation, University of Montana, Missoula, Montana. Available on the internet
at: http://upperyellowstonerivertaskforce.org/pdf/RiparianTrendFinal.pdf. This study was
conducted for the Governor’s Upper Yellowstone River Task Force and looked at the relationship
between fluvial geomorphic processes and flood plain vegetation for the Yellowstone River
between Gardiner and Springdale, Montana.

7. Yellowstone River Historical Retrospective Completion Report, (Confluence Consulting,
Inc., 2003). This report summarizes a review of historical information for the Yellowstone River
mainstem regarding fish, water quality, fluvial geomorphology, vegetation, and wildlife activity
prior to 1900. Academic studies, historical records, archival documents, photographs, and maps,
interviews, and other sources were used to create the summary and accompanying database of
annotated comments. The information is useful in gaining a large scale view of conditions pre-
and post-settlement.

8. Russian Olive Data Analysis and CEA Database Integration, (DTM, 2013). January 16, 2013
Memo to TAC. This document presents the results of an effort to integrate the NRCS Russian
Olive inventory into the CEA process as well as the associated reach narratives. Summary tables
are provided that relate the inventory to reaches, the CMZ, 1950s banklines and channel, 2001
fisheries habitat, 2001 riparian vegetation cover classes and 2001 physical features. The
presence of linear features such as tributaries, ditches, canals, and old channels, where Russian
olive has preferentially invaded tends to skew the data at the reach level.

9. Upper Yellowstone River Watershed Land Cover Assessment — Final Report (Pick and
Potter, 2013). This report describes land cover within the 2.4 million acre Upper Yellowstone
River Basin (4t Code Yellowstone Headwaters (10070001) and Upper Yellowstone (10070002)
Hydrologic Unit Codes) at two periods in time. Landsat satellite images from 1985 and 1999 were
evaluated and classified into 15 land cover classifications to determine change over the time
period. An additional analysis looked at land cover within a %z mile-wide corridor bisected by the
river channel. Evaluations of land cover related to hydrologic function, water quality and wildlife
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10.

1.1

habitat were also presented and discussed. Broadleaf riparian cover represented 0.7 percent of
the area within the Upper Yellowstone HUC and about 14 percent of the %2 mile-wide river
corridor.

Upper Yellowstone River hydrogeomorphic functional assessment for temporal and
synoptic cumulative impact analyses - Hauer, F.R., B.J. cook, M. Millar, C. Noble, and T.
Gosner. 2001. The hydrogeomorphic (HGM) approach was developed to evaluate wetland
ecosystem function. This HGM assessment was conducted in 2000 on three reaches of the
Yellowstone River between Emigrant and Livingston. Floodplain areas were assessed where cut-
and-fill alleviation has been particularly active, resulting in a number of permitting activity for bank
stabilization structures. This assessment results documented an increase in barbs and jetties,
and the use of rock riprap, which approximately doubled in extent within the study area between
1976 and 2000. A decline in Functional Capacity Indices (FCI) between 1976 and 2000 was due
to the increased riverbank and floodplain stabilization structures. Ecological integrity of the
riparian vegetation was also affected according to the study. In summary, the HGM assessment
noted negative cumulative impacts to the floodplain along the Upper Yellowstone study sites due
to an increase of riverbank and floodplain stabilization structures, land use practices and the
invasion of nonnative vegetation.

Major Findings in Support of Cumulative Effects Analysis

The primary findings of the wetland and related land use analysis that may support multiple aspects of the
CES include the following:

1.

Riparian areas provide important ecological services critical to the integrity of the river’s short-
and long-term function. Potential impairment to hydrologic, geomorphic, and biological functions
are noted to occur where riparian removal or degradation exceeds a threshold that is not
quantified as of yet for the Yellowstone.

Historical records indicate that much of the Yellowstone River floodplain in the early 1800s (pre-
settlement) consisted of abundant stands of cottonwood timber and attendant shrubs along with
extensive herds of wild ungulates. Early agricultural development and removal for fuel
(transportation) and construction likely led to the conversion of locally significant stands of woody
vegetation. Most of the large-scale conversion was likely completed by the 1950s.

Riparian mapping shows a fairly complex, non-linear trend in cumulative extent and distribution
over the time scale analyzed. Overall, riparian classes constituted an average of 20 percent of
cover within the mapping boundary between 1950 and 2001, fluctuating from 22 percent in 1950,
19 percent in 1976 to 21 percent in 2001. This indicates that cumulative losses on one bank
about equal gains on the other bank which matches the hypotheses that in healthy river systems,
a dynamic equilibrium is in place over time which balances channel movement-induced losses
and gains equally.

The relative extent of riparian within the project area varied a great deal. Riparian communities
made up as much as 44 percent of land cover in Reach D11 in 1950 (Richland Co. — partially
confined - anabranching) to as low as 2.7 percent in Reach D1 in 2001 (Prairie Co. confined -
meandering).

Changes in riparian extent are much more dramatic within individual reaches, particularly net loss
in Region A (A1, A2, A4, A5, A10, A11, and A13), and Region C (C14).
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6. Changes in the relative composition of specific riparian vegetation classes in reaches A1, A2,
A10, A14, A15, B4, B9, B11, C1, C3, C6, C8, C18, C20, D3, D13, and D15 commonly exceeded
100 percent; and up to 600 percent change (A10 and A14).

7. Over 6800 hundred acres of 1950s woody riparian vegetation was converted to another land use
by 2001. Over 5,500 acres of this cover was converted to irrigated agriculture, with 2,900 acres in
Region D alone. Reaches where irrigated conversion took place in excess of 20 percent of 1950s
riparian are A5, A6, C14, C15, D6, D13, and D14. Relatively little riparian area was converted to
Agricultural Infrastructure, Urban, Exurban, or Transportation land uses.

8. Over the 1950 to 2001 time period, Shrub (S) habitat declined by 24 percent while Closed Timber
(TC) increased by 10 percent and Open Timber (TO) increased by 2 percent indicating that some
shrub habitat was replaced by another cover type or land use without a corresponding gain in
new S cover.

9. Loss of Shrub (S) and Open Timber (TO) riparian cover in regions C and D are more extensive,
indicative of a skew in age class distribution. Continuation of this trend over time will result in a
greatly diminished cottonwood community.

10. In all regions, more acres of 1950s Non-Irrigated Herbaceous riparian areas were converted to
Agricultural fields (Irrigated and Non-Irrigated) than any other riparian vegetation category.

11. Both 1950s TC and TO riparian were converted to both Irrigated and Non-lIrrigated fields. This
occurred in the greatest amounts in Regions C (8,265 acres) and D (5,927 acres)

12. Reach B2 lost 50 percent of its mapped riparian area to urban land uses, though it started out
with only 625 riparian acres in the 1950s mapping making the change significant at the local
reach level.

13. The remaining highly-impacted reaches saw a majority of their conversions of riparian area to
Irrigated land use, with C14, D6, D13, and D14 being the most impacted.

14. Reaches classified as geomorphically confined or straight and therefore less dynamic have lower
relative composition of riparian vegetation compared to more dynamic reaches with multiple
channels and active meanders or braids.

15. There appears to be a temporal decrease in the number of riparian polygons with the exception of
reaches in Region D.

16. Below the Powder River, the number of TO polygons has increased while TC polygons have
decreased indicating a possible maturation of riparian forests in this Region without
commensurate regeneration in response to diminished channel migration and hydrological
alteration.

17. Much of the apparent stability in riparian vegetation extent over time is due to encroachment of
riparian vegetation into former seasonal side channels below the mouth of the Bighorn River in
response to the reduction in peak flows similar to what has occurred on the Bighorn River below
Yellowtail Dam.
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Woody riparian vegetation shows a correlation to channel type but a stronger correlation to the
channel. The total extent and diversity of woody cover tends to be lowest in reaches that are
either straight or confined by erosion-resistant geology. In region C, the confined and straight
channel types support a much lower extent of woody riparian cover relative to more dynamic,
unconfined channel reaches. The resultant reduced channel migration rate observed in confined
reaches is correlated as well to an increase in distances between similar riparian polygons.

While the overall extent of S cover type polygons has not changed significantly, their shape
appears to have become larger and more simplified when evaluating Perimeter Area Ratio
Analysis (PARA) values.

Floodplain Isolation —
Main cause of riparian mapping being isolated is identified as Ag related (56 percent) and
Railroad prisms (33 percent).

About 20,000 riparian acres have been isolated, 80 percent with herbaceous cover.

Floodplain isolation along with channel restrictions have the greatest impact on riparian habitat in
reaches that are less confined; that is multi-channel and braided reaches and with wide
floodplains and extensive riparian habitat present.

Indirect alteration of riparian areas is primarily due to agricultural-related activity. Of some 20,000
acres isolated from the floodplain by fills, 56 percent are related to agriculture. Transportation
features affect about 33 percent of the total with urban and exurban features about equally
responsible for the balance.

Channel Migration

Some 11,000 riparian acres occur within Restriction Migration Areas (RMAs) mapped under the
Channel Migration Zone (CMZ) program. As a result, these riparian areas are at heightened risk
of reduced function and conversion to other uses.

Agriculture is a major cause of riparian conversion (however channel migration causing riparian
turnover actually has altered more 1950s riparian acres than agricultural conversion. Railroads
and urban conversion are minor factors on a broad scale, but important locally.

Beginning at Region C which is where the Bighorn River enters the Yellowstone, exchange from
channel to riparian becomes more prevalent in the magnitude and difference of exchange with
the exception of between Reaches C15 and D4, which has quite a bit less of both measures of
change. Nearly all reaches (except as noted) in these two regions show over 20 acres per valley
mile in riparian cover gains and a loss of channel.

The disparity between gains and losses in Regions C and D indicates that turnover rates are out
of balance and have shifted since 1976. These reaches are also now less dynamic based on the
direction of exchanges (channel to riparian) since 1976.

Over 60 percent of the gain in riparian cover in all Regions occurs in Region D alone (see below).
A greater percentage of riparian gain due to conversion (encroachment) of 1950s side channels
occurs below the mouth of the Bighorn River in Regions C and D. The rate of floodplain turnover
has slowed substantially since 1976 compared to the 1950 to1976 turnover rate.
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Invasive Species — Russian Olive

Russian olive (Elaeagnus angustifolia) and saltcedar (Tamarix spp.) have become common
naturalized plants in many riparian areas along the Yellowstone River and its tributaries. The
infestations will alter the composition, structure, and function of riparian plant communities as
they continue to spread.

There are slightly more than 3,000 acres of Russian olive mapped within the 100-year inundation
boundary showing a preference for the moist, slightly saline soil found in the 100-year inundation
area. These primarily occur within the Shrub (S) and Closed Timber (TC) riparian classes.

Russian olive exhibits an increasing trend in presence and density in a downstream direction from
Gardiner to Region D where its density is much reduced from the upper Regions. This positive
trend is related to the generally increasing floodplain extent, abandoned channels, and disturbed
areas going downstream. Reasons for the reversed trend in Region D are not entirely clear but
may be related to less suitable habitat and the reduction in idle land in the intensively irrigated
floodplain in this Region or the relatively low extent of riparian habitat and relatively significant
loss of the Shrub riparian class in Region D between the 1950s and 2001.

Russian olive exhibits its greatest presence (nearly 2500 acres) in Region C (nearly half of the
total) with its uniformly wide floodplain and size providing abundant suitable habitat.
Proportionally, Russian olive constitutes a larger percent of the land cover in Regions A and B
due to the smaller area of these corridors. No data is available on historic or current extent of
saltcedar within the Yellowstone River corridor.

Russian olive occurs in greatest extent within disturbed areas and old channels within unconfined
channel types in Region C where the side channel loss has been extensive (see Hydro Chapter).
A majority of Russian olive is found in un-restricted portions of the CMZ except in Region D
where the majority of Russian olive occurs outside of the CMZ. This finding concurs with current
research that finds that Russian olive has an adaptive advantage in controlled river systems with
limited flooding.

In Region C, Russian olive has invaded the 1950’s channel and islands aggressively. Over 10
percent of 1950s island area and channel habitat has been occupied by Russian olive.

Some conflict exists in research evaluating impacts of Russian olive on avian species
composition, abundance and richness. In Russian olive dominated riparian communities, the
overall density and richness of bird species was found to peak between 50 and 70 percent total
woody vegetation cover. Other studies have suggested that increasing composition of Russian
olive may be detrimental to avian species density and richness, particularly for cavity nesting
species.

RO extent is related to channel type in the same manner that the potential for riparian vegetation
and floodplain extent are greater where the channel is unconfined by geologic control. Nearly 30
percent of Russian olive acreage occurs in the PCM/I channel type with Russian olive occupying
islands. Confined reaches have substantially less presence of Russian olive.

A significant majority (66 percent) of all mapped Russian olive occurs within the 100-year
inundation boundary showing its adaptation to the moist, slightly saline soil within the River’s
floodplain.
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Russian olive correlates highly with mapped riparian areas since it is likely that the plant was
mapped as part of the shrub category and occurs within cottonwood stands where it may or may
not have been identified under the canopy. A majority of Russian olive occurs in the Shrub class
and secondarily in the Timber closed category. Russian olive occurs in all categories, however
relatively less so in the herbaceous class, as might be expected. As note earlier, a majority of the
extent occurs in Region C where it makes up as much as 30 percent of the Shrub category in
Reaches C10 and C19. Russian olive makes up nearly 4 percent of the total riparian in these
Reaches.

While there is not a significant overall relationship between Russian olive and bank stabilization
features, for Russian olive within 100 meters of a feature, more acres are located closer, rather
than further away. This is likely due to Russian olive preference for near channel sites.

The proximity of Russian olive to the channel border (along with saltcedar) poses a possible issue
for a cascade of effects due to potential modification of channel migration rates due to increased
root armor and stem density.

This evaluation identified a lack of qualitative data in relation to better understanding trends in
riparian condition or health within the Yellowstone River corridor and the response of the riparian
vegetation resource to human influenced alteration. The development and implementation of a
long-term riparian monitoring and assessment plan is recommended to facilitate a better
understanding of this resource and implications.

Invasive Species — Saltcedar

No basin-wide systemic mapping has been completed for saltcedar so no metrics are available.
Individual county weed district control and outreach approaches are in place and appear to be
working with variable levels of success. A coordinated mapping and control monitoring approach
is needed, however to guide future targeting efforts.

Saltcedar is more adapted to disturbance than Russian olive and for this reason appears to be a
greater threat to early successional stages of riparian vegetation.

Genetic diversity in saltcedar facilitates its adaptation to colder, higher elevation climates and
may also benefit from warmer temperatures predicted through climate change.

Other Invasive Species

Public awareness of other existing and potentially noxious invasive species is needed. In
particular, those that are known to be present and well adapted to the Yellowstone River’s
riparian environment such as common buckthorn (Rhamnus cathartica) should be targeted.

Related Issues

The limited availability of Yellowstone-specific studies regarding the scope and scale of projected
climate change does not allow much to be concluded as part of the CES other than additional
reductions in the extent and timing of discharge will only exacerbate observed negative trends
and impacts on riparian habitat regardless of cause.

Increased water use by domestic and industrial sources of water will place added stress on
riparian habitat in reaches that have incurred impacts due to irrigation water withdrawals and the
effects of Yellowtail dam operations.
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48. Further reductions in stream flow have the potential to increase concentrations of water quality
contaminants that potentially can alter riparian species composition, stand structure, and increase
susceptibility to invasion by exotic species tolerant of elevated levels of salt and nutrients.

1.2 Temporal and Spatial Changes in Riparian Vegetation

1.2.1 Quantitative Change

No historic data is available to represent the extent of riparian vegetation prior to 1950 within the
Yellowstone River corridor so the analysis is limited in looking back in time. 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). The United States Fish & Wildlife
Service’s National Wetland Mapping program conducted wetland and riparian mapping within the
Yellowstone River corridor in the mid-2000’s using their respective mapping systems (USF&WS 1997).
Unquestionably, riparian habitat extent has been 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 United States (National Academy of Science, 2002; Braatne et al., 1996; Krueper, 1993; Swift,
1984). Similar development histories and patterns have occurred throughout the west along major rivers
so it is reasonable to assume that at the minimum, such conversion may have also occurred in the
Yellowstone corridor. Northern deciduous cottonwood forests occurring primarily as riparian communities
now make up around 1 percent of the Yellowstone River Basin in 2002 (Zelt et al., 1999).

Table 1 presents the summary results for woody riparian cover of the Yellowstone River Riparian
Mapping project (DTM and AGI, 2008). This analysis was conducted using the 100-year floodplain plus a
1/10 mile buffer as the mapping project area. Total riparian acres between 1950 and 2001 did not change
appreciably, declining by 2.9 percent. 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 for the most part reflects active flooding and migration provided by the relatively uncontrolled
aspect of the upper Yellowstone’s free-flowing hydrology. Riparian cover constitutes a relatively stable 20
percent of the land cover within the project area but varies between 3 and 44 percent at the reach level
primarily due to geomorphic attributes of the channel and floodplain.

Statistical analysis of the four woody riparian cover classes evaluated shows no definite spatial or
temporal trends other than a slight overall loss in riparian cover over time (Table 1-1). Please see the
referenced report for specific, reach-based details. Figure 1-1, Figure 1-2 and Figure 1-3 depict changes
in riparian cover types (S — Shrub; TC — Closed Timber; and TO — Open Timber) for all Regions. A
number of reaches show that losses on one bank are matched by gains in riparian extent on the other
(A3, B11, C10, and D5) again reflecting a dynamic equilibrium in channel migration. Other reaches,
however, show net losses in riparian vegetation (DTM and AGI, 2008).
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Table 1-1
Yellowstone River (Springdale to mouth) Riparian Extent (1950, 1976 and 2001). Source DTM and AGI, 2008.

Total All Land Riparian High Reach Reach

(ac) (ac) Composition % High Low
1950 25332 38889 12319 76600 347841 22% 44 3% D11 C21
1976 19360 36289 10661 66310 347850 19% 42% 4% D11 D1
2001 19144 42620 12595 74363 347841 21% 42% 2.70% D11 D1
1-9 April 2015

Technical Appendix 6: Riparian



Yellowstone River Cumulative Effects Assessment USACE Omaha District

1950-2001 Change in Shrub Acres By Region
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Figure 1-1 Statistical summary of reach-based change in (S) acres from 1950-2001.
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Figure 1-2 Statistical summary of reach-based change in TC acres from 1950-2001.
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Figure 1-3 Statistical summary of reach-based change in TO acres from 1950-2001.
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In general, Region A has several reaches which exhibited large (600 percent) gains in riparian cover due
to colonization of open channel and herbaceous areas by shrubs. Overall, however, the average change
in S acres was -28 percent. The mean change in TC acres was -11 percent while Open timber (TO)
extent showed the least degree of change over time declining by -5 percent.

Similar results are found for Region B but with a net gain in S extent (31 percent). A majority of reaches
show an overall loss of riparian cover but with a net gain for the Region due to large gains in S and TO in
several reaches. TC again shows the least change over time (-5 percent).

In Region C, gains about equaled losses of riparian cover acreage. The change in S acres increased with
the median being 10 percent although some reaches increased over 100 percent. The extent of TO
change in acreage increased in most reaches above Forsyth (C10) between 1950 and 2001 indicating
isolation of the stands due to floodplain dikes and bank armoring preventing channel migration and
establishment of colonizing shrubs on open channel bars. Below Forsyth, TC typically declined.

Within Region D, a series of reaches with losses in S and TO cover and consistent gains in TC 1950-
2001 is evident between D6 to D15. This data suggests that the cover is maturing with TO becoming
decadent and falling out of a riparian class with little new establishment of shrubs and young trees. A
possible cause of the noted trend in addition to agricultural conversion is related to changes in the
hydrograph downstream of the Bighorn River or of the effect of Russian olive invading open stands and
giving them the appearance of closed stands. The Regional change in S extent shows a -41 percent
mean change.

As noted earlier, the reduction in TO in Region D (Figure 1-4) suggests that maturation of the plains
cottonwood forest stands or several other possible causes may be responsible. Further study and
analysis is needed to fully understand the cause and implications of the observed change over time.

Riparian class percent cover does not appear to show exceptionally strong relationships to any one
channel type, however, the partially confined and unconfined reaches generally have a higher percentage
of riparian cover than do confined reaches. Confined reaches also have higher percentages of bedrock
outcrops which limit riparian cover establishment. Figure 1-4 through Figure 1-7 depict woody riparian
cover percent change through three time periods for Regions A through D. The positive relationship of
riparian cover extent to less confined channel type was also noted by Merigliano and Polzin (2003) in
their study of the Park County portion of the Yellowstone River. Figure 1-8 shows the relationship of all
riparian percent cover over time to channel types present in Region C as an example of this manner of
evaluating the relationship.

DTM and AGI also evaluated spatial characteristics of riparian cover by calculating polygon counts, a size
—perimeter relationship called Perimeter Area Ratio (PARA), and the Nearest Neighbor Distance (NND).
Figure 1-9 depicts the change over time (1950 to 2001) in the number of riparian polygons by Region and
cover type. Regions A and B exhibit fairly moderate but consistent losses in numbers of polygons in all
riparian cover classes. Region C shows both losses in Shrubs and gains in Open Timber and Closed
Timber. It is apparent that in Region D, this analysis again confirms the loss of number of shrub polygons
on both banks as well as the loss of Open Timber. The net gain in Closed Timber is substantially
different.
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Figure 1-4 Relationship of woody riparian cover extent to geomorphic channel type in Region
A through time.

Figure 1-5 Relationship of woody riparian cover extent to geomorphic channel type in Region
B through time.
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Figure 1-6 Relationship of woody riparian cover to geomorphic channel type in Region C
through time.

Figure 1-7 Relationship of woody riparian cover to geomorphic channel type in Region D
through time.

Figure 1-8 Riparian cover extent as a function of channel type in Region C. Note that channel
types UB, PCA, and US/I are not present in Region C.
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Figure 1-9 Percent change in riparian cover polygon count from 1950 to 2001 shows sharp
decline in shrub (s) and open timber (TO) classes and gain in closed timber class
in Region C and D.

PARA values calculated for riparian cover patches help to illustrate the complexity of their shape (DTM
and AGI 2008). The calculated PARA values for Shrub, Closed, and Open Timber riparian cover classes
do not show any significant spatial or temporal trends. Shrub values tend to be greater that Closed and
Open Timber PARA values in general, but within the cover class do not show consistent, significant
differences between regions or reaches. One exception is that values for the Shrub class in most Region
A reaches (15 of 18 reaches) appear to show an increase since 1950 but then a subtle decline since

1976 indicating that isolated shrub patches in Region A may have consolidated and become less complex
since then. To illustrate, the calculated PARA values for Shrubs in Region A are shown in Figure 1-10.
PARA values in other Regions don’t appear to show any consistent trends over time and so are not
depicted here.
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Figure 1-10 Region A Average Shrub PARA values, 1950 to 2001 illustrates the general
increase in PARA values in 1976 for most reaches followed by decline in 2001.
Note that no 1977 images were available for interpretation in Reaches D15 and D16.

NND analysis represents the straight-line distance between polygons of a similar riparian class and can
be used to reflect the relative connectivity or accessibility of nearby riparian cover patches of a similar
type. Higher NND values represent greater distance between patches of a similar riparian class. Lower
values reflect closer proximity between similar riparian patches.

In general, Open Timber classes have higher NDD values than do Shrub or Closed Timber polygons
throughout all Regions which coincides with their less frequent occurrence in number of polygons and
later successional status. DNN values for most Regions don’t show any consistent spatial or temporal
trends. Open Timber in Region D does reflect a large increase in NDD value between 1950 and 2001. To
illustrate this relationship, Figure 1-11 depicts Region D’s calculated NNDs. Otherwise, the Region D
results are similar to the other Regions in that the values for the Shrub and Closed Timber classes are
consistently flat over time. These findings suggest that in Region D, the Open Timber class has either
been cleared or has declined in size through mortality leading to greater distance between Open Timber
patches. The greater distance also correlates to Region D’s loss in the number of Open Timber polygons
over time and the decline (-31 percent) of Open Timber acres between 1950 and 2001.
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Figure 1-11 NND values for Region D indicate that the distance between Open Timber patches
is greater than for Shrub and Closed Timber and has increased between 1950 and

2001.

In contrast to PARA values, the orientation of riparian polygons expressed by NND are well correlated to
channel geomorphology. NND values typically show that similar riparian patches are closer together in
unconfined channel types suggesting that the more frequent channel migration and riparian turnover that
occurs in less confined channel types creates more complexity and proximity of riparian cover patches.
The relatively infrequent channel migration exhibited in confined reaches results in larger NND values. To
save space and with similar results in other Regions, only NDD values for Region D are shown in Figure
1-12 to illustrate the discussion above.

Figure 1-12 Nearest Neighbor Distance (NND) values for Region D, 1950 to 2001.
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1.3  Sources and Causes - Direct

The Yellowstone River Land Use Mapping and Analysis data update (DTM, 2013) provides an approach
to evaluate the source of loss in riparian land cover; that is, to answer the question, “Where riparian cover
change has occurred between 1950 and 2011, what land use has replaced the1950s riparian cover?”

Table 1-2 provides the results of an analysis of the conversion of 1950s riparian woody cover classes
(S,TO, and TC) to 2011 non-riparian land uses showing that the sources of change vary by reach and are
dependent on the predominate local land uses. Figure 1-13 depicts these values. All reaches show
instances of conversion to some other non-riparian related land use. Fifteen of the 52 reaches examined
exhibited change in 1950s riparian cover greater than 10 percent. The average over all reaches was
approximately 10 percent. Approximately 6,850 acres of 1950s riparian woody cover was converted to
other land uses by 2011 representing about 10 percent of the total 1950s woody riparian cover.

Transportation as a source of direct conversion contributes relatively little to post-1950s conversion
since the railroad was in place prior to this time and the maijority of the Interstate and newer local roads
are located outside of the immediate riparian corridor. No reach sustained more than 0.75 percent loss of
1950s riparian acres due to transportation factors. Region A had the greatest extent of transportation-
related riparian conversions.

More recently, oil and gas development in the Williston Basin in North Dakota has expanded into
Montana in the lower Yellowstone River corridor (Board of Oil and Gas Conservation, 2013). Land use
mapping completed within the 100-year inundation zone plus a one-half mile wide buffer identified 51
active drilling/well pads occupying about 144 acres within the river corridor in Region D in 2011 (DTM,
2013). Many of these pads and access roads are located within agricultural fields but an unknown
number have been built within riparian areas. Given the rapid development in the Sidney and Glendive
areas, the number of pads and associated access roads has likely increased since the land use mapping
was completed.

Agriculture - Early settlers located near waterways and began to develop farms and ranches in
association with the water source so it stands to reason that agriculture is very prevalent in proximity the
river corridor. Conversion to agricultural uses is presumed to be the largest cause of permanent riparian
conversion prior to 1950 simply because agriculture is the most prevalent land use in the Yellowstone
River corridor, comprising approximately 72 percent of the 716 square mile river corridor evaluated (DTM,
2013). Within the greater Yellowstone River watershed, agricultural land uses occupy about 54 percent of
the total land area (Zelt et al., 1999). On a broader scale, agricultural land uses make up about 66
percent of Montana'’s total land area (NASS, 2013).

Change in 1950s riparian cover in largely rural reaches (Regions A, C, and D) appears to be driven by
agricultural efforts such as clearing for irrigated fields. Nearly 5,600 acres of 1950s riparian land was
converted to irrigated agriculture by 2011, with 2,900 acres in Region D alone. Reaches where irrigated
conversion took place in excess of 20 percent of 1950s riparian are A5, A6, C14, C15, D6, D13, and D14.

More recently, oil and gas development in the Williston Basin in North Dakota has expanded into
Montana in the lower Yellowstone River corridor, particularly impacting Richland and Dawson counties.
Land use mapping completed within the 100-year inundation zone plus a one-half mile wide buffer
identified 51 active drilling/well pads occupying about 144 acres within the river corridor in Region D in
2011 (DTM, 2013). Many of these pads are located within agricultural fields but an unknown number have
been built within riparian areas. Given the rapid development in the Sidney and Glendive areas, the
number of pads has likely increased since the mapping was completed.
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Channel Migration/Hydraulic Alteration — Channel migration is a source of a significant change of
1950s riparian cover. The loss of riparian cover to agriculture and other land uses has been mitigated by
the net gain of riparian cover over time due to channel migration and abandonment. One measure of the
rate of channel migration-induced riparian turnover is the trend in exchange or turnover of area between
channel and riparian vegetation. Generally, healthy riparian areas will exhibit an equilibrium between the
two classes with a balance between gains (conversion of channel to riparian cover) and losses
(conversion of riparian cover to channel). Areas potentially out of balance in sediment and water supply
that drive erosion and depositional processes, will have a greater difference between gains and losses.
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Table 1-2
Conversion of 1950s woody riparian cover to another land use by 2011. Source DTM 2013. Shaded
boxes indicate greater relative conversion.

2011 Land Use Conversions from 1950s Riparian (Acres) Total 1950s Conversion of 1950s Riparian to Another Use (Percent Change)
Riparian
Irrigated 5 Interstate | Public Road RS Exurban Interstate
A 216.6 4.5 69.0 17.4 21.0 328.6 8894.3 2.44% 0.05% 0.78% 0.20% 0.24% 3.69%
Al 3.7 3.7 363.3 1.02% 0.00% 0.00% 0.00% 0.00% 1.02%
A2 4.3 0.8 5.1 524.7 0.83% 0.00% 0.00% 0.00% 0.14% 0.97%)|
A3 3.6 3.6 487.8 0.75% 0.00% 0.00% 0.00% 0.00% 0.75%)|
A4 2.4 4.4 2.9 0.9 10.6 336.6 0.72% 1.30% 0.85% 0.00% 0.27% 3.15%
AS 16.6 1.4 18.0 73.4 22.58% 0.00% 1.90% 0.00% 0.00% 24.48%
A6 16.9 0.0 0.8 17.7 63.9 26.39% 0.00% 0.02% 1.22% 0.00% 27.63%|
A7 22.8 5.4 4.4 32.5 599.0 3.80% 0.00% 0.00% 0.90% 0.73% 5.43%
A8 1.1 1.4 0.0 2.2 4.7 391.9 0.29% 0.00% 0.36% 0.00% 0.55% 1.21%
A9 16.2 16.2 319.2 5.09% 0.00% 0.00% 0.00% 0.00% 5.09%
A10 4.3 1.1 5.4 258.8 1.66% 0.00% 0.00% 0.00% 0.41% 2.07%
All 26.6 1.1 11.3 2.5 41.5 563.2 4.72% 0.00% 0.20% 2.00% 0.45% 7.37%
A12 5.3 5.3 298.1 1.79% 0.00% 0.00% 0.00% 0.00% 1.79%
Al3 18.9 0.1 33.8 2.8 55.6 386.7 4.88% 0.04% 8.73% 0.00% 0.74% 14.38%
Al4 11.7 3.2 14.9 825.8 1.41% 0.00% 0.00% 0.00% 0.39% 1.80%
Al5 9.1 0.1 9.3 606.9 1.50% 0.00% 0.00% 0.00% 0.02% 1.52%
Al6 7.2 2.9 0.6 10.6 994.2 0.72% 0.00% 0.29% 0.00% 0.06% 1.07%
Al7 6.0 0.8 6.8 1021.8 0.59% 0.00% 0.08% 0.00% 0.00% 0.66%)|
A18 39.9 24.7 2.5 67.2 778.8 5.12% 0.00% 3.17% 0.00% 0.33% 8.62%)|
B 290.0 369.3 248.7 5.9 12.1 925.9 11341.8 2.56% 3.26% 2.19% 0.05% 0.11% 8.16%)
B1 57.0 12.6 101.4 9.0 176.4 2191.6 2.60% 0.57% 4.63% 0.00% 0.25% 8.05%)
B2 313.6 2.2 1.4 317.3 624.7 0.00% 50.21% 0.00% 0.36% 0.22% 50.78%|
B3 29.6 43.1 123.1 195.8 944.0 3.13% 4.57% 13.04% 0.00% 0.00% 20.74%
B4 11.4 11.4 431.2 2.64% 0.00% 0.00% 0.00% 0.00% 2.64%
B5 65.9 19.9 2.2 88.1 1262.9 5.22% 0.00% 1.58% 0.00% 0.18% 6.97%
B6 1.9 1.0 2.8 647.6 0.29% 0.00% 0.00% 0.00% 0.15% 0.44%)
B7 37.7 4.3 0.7 42.6 1007.8 3.74% 0.00% 0.42% 0.00% 0.06% 4.23%|
B8 46.9 46.9 1251.4 3.75% 0.00% 0.00% 0.00% 0.00% 3.75%
B9 4.9 0.5 5.4 632.0 0.77% 0.00% 0.00% 0.00% 0.08% 0.85%)
B10 24.9 3.7 28.5 926.8 2.68% 0.00% 0.00% 0.40% 0.00% 3.08%
B11 9.9 0.0 0.1 10.1 884.4 1.12% 0.00% 0.00% 0.00% 0.02% 1.14%
B12 0.6 0.6 537.5 0.00% 0.00% 0.00% 0.00% 0.12% 0.12%)
© 2178.3 78.6 45.1 8.3 17.2 2327.6 22297.9 9.77% 0.35% 0.20% 0.04% 0.08% 10.44%)
C1 31.9 5.1 0.5 37.5 806.3 3.95% 0.00% 0.00% 0.63% 0.07% 4.66%)|
C2 161.7 161.7 896.8 18.03% 0.00% 0.00% 0.00% 0.00% 18.03%)
Cc3 75.3 0.6 1.8 77.7 1031.0 7.30% 0.00% 0.06% 0.00% 0.17% 7.53%
ca 116.0 3.3 119.3 661.3 17.53% 0.00% 0.00% 0.00% 0.50% 18.03%)
C5 22.8 22.8 386.9 5.90% 0.00% 0.00% 0.00% 0.00% 5.90%
C6 5.9 5.9 991.3 0.59% 0.00% 0.00% 0.00% 0.00% 0.59%)
Cc7 29.7 0.4 30.1 2412.2 1.23% 0.00% 0.00% 0.00% 0.02% 1.25%
Cc8 75.4 75.4 837.2 9.00% 0.00% 0.00% 0.00% 0.00% 9.00%)
c9 253.9 253.9 3268.2 7.77% 0.00% 0.00% 0.00% 0.00% 7.77%
Cc10 230.0 17.1 2.4 1.0 250.5 1623.8 14.16% 1.05% 0.15% 0.00% 0.06% 15.43%)
C11 123.5 1.7 125.1 1651.2 7.48% 0.00% 0.00% 0.00% 0.10% 7.58%
C12 45.4 1.4 0.9 0.2 47.9 1076.1 4.22% 0.13% 0.08% 0.00% 0.01% 4.45%)
C13 133.3 133.3 1176.0 11.33% 0.00% 0.00% 0.00% 0.00% 11.33%)
Cl4 755.3 3.2 1.6 760.1 2550.3 29.61% 0.00% 0.00% 0.13% 0.06% 29.80%
C15 48.0 48.0 236.3 20.32% 0.00% 0.00% 0.00% 0.00% 20.32%
Cl6 1.2 8.0 0.4 9.5 909.9 0.13% 0.88% 0.00% 0.00% 0.04% 1.05%
C17 21.6 52.1 23.4 97.1 423.8 5.10% 12.30% 5.53% 0.00% 0.00% 22.92%
C18 31.8 12.3 0.8 44.8 261.4] 12.16% 0.00% 4.69% 0.00% 0.29% 17.15%)
C19 10.4 5.0 3.3 18.8 660.8 1.58% 0.00% 0.76% 0.00% 0.50% 2.84%
C20 5.4 0.5 1.1 7.0 203.8 2.65% 0.00% 0.23% 0.00% 0.53% 3.41%
C21 1.2 1.2 233.4] 0.00% 0.00% 0.00% 0.00% 0.52% 0.52%)
D 2902.8 151.9 174.2 11.8 I3l 3275.8 25973.8 11.18% 0.58% 0.67% 0.05% 0.14% 12.61%)
D1 1.2 0.2 1.4 195.9 0.61% 0.00% 0.00% 0.00% 0.13% 0.74%)
D2 2.4 2.4 0.4 5.2 263.4] 0.89% 0.00% 0.00% 0.92% 0.15% 1.96%
D3 5.3 5.3 617.1 0.86% 0.00% 0.00% 0.00% 0.00% 0.86%)
D4 3.1 0.2 3.3 1070.4| 0.29% 0.00% 0.00% 0.00% 0.02% 0.31%)
D5 114.0 38.8 0.0 7.9 160.8 2639.8 4.32% 1.47% 0.00% 0.00% 0.30% 6.09%
D6 274.9 113.0 4.4 9.4 7.4 409.2 1290.0 21.31% 8.76% 0.34% 0.73% 0.58% 31.72%
D7 57.6 19.8 77.4 1511.6 3.81% 0.00% 1.31% 0.00% 0.00% 5.12%
D8 151.6 18.1 5.1 174.8 2913.4 5.20% 0.00% 0.62% 0.00% 0.17% 6.00%
D9 73.2 73.2 953.4| 7.68% 0.00% 0.00% 0.00% 0.00% 7.68%
D10 455.3 2.2 457.5 3001.3 15.17% 0.00% 0.07% 0.00% 0.00% 15.24%)
D11 46.2 0.2 46.3 3002.5 1.54% 0.00% 0.00% 0.00% 0.01% 1.54%
D12 353.9 0.8 354.7 3906.4 9.06% 0.00% 0.00% 0.00% 0.02% 9.08%)
D13 424.0 10.9 8.5 443.4 1662.0 25.51% 0.00% 0.65% 0.00% 0.51% 26.68%
D14 940.2 118.7 4.4 1063.3 2946.5 31.91% 0.00% 4.03% 0.00% 0.15% 36.09%|
Total 5587.7 604.3 537.0 43.5 85.5 6858.0 68507.8 8.16% 0.88% 0.78% 0.06% 0.12% 10.01%
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Figure 1-13 Percent change of 1950s woody riparian vegetation converted to 2011 non-riparian land use. Source: Yellowstone River
Land Use Mapping and Analysis (DTM, 2013).
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Dynamic reaches will have more acres exchanged while controlled or restricted reaches will typically have
less acres exchanged. Figure 1-14 illustrates how channel migration creates floodplain turnover through
the erosion and deposition process. Additionally, channel migration provides large woody debris (LWD) to
the aquatic environment when trees fall into the channel. LWD helps to create multiple types of aquatic
habitat such as scour pools, spawning habitat, temperature refugia, and hiding cover (Ellis, 2008). LWD
debris jams often initiate sediment deposition for island formation in the Yellowstone River (Bollman,

2014).

Figure 1-14

The location of the 1950 channel in Reach A15 (partially confined, braided) is
shown in light blue shading while the 2011 channel location is shown in darker
blue. The arrows indicate the direction and extent of channel movement since 1950
(61 years). The agricultural and riparian areas eroded away as the channel
migrated are now a mosaic of wetland and riparian sites providing a variety of
aquatic and terrestrial habitats. Note that the current channel area approximately
equals the area of the abandoned 1950 channel, indicating a dynamic equilibrium
in this section of river. At the rate of channel movement indicated here, the
floodplain turnover rate is between 400 and 600 years. This rate is compared to the
calculated rates for braided reaches in Park County of between 550 and 1,700
years (Merigliano and Polzin, 2003).

In the Bighorn River below Yellowtail Dam, USBR investigations (Godaire, 2010 and 2009) learned that
the reduction of peak discharge by 55 percent as a result of regulation by Yellowtail Dam resulted in a
loss of 72 percent in side channel complexity in the 16 miles below the dam. The stable conditions were
characterized by the reduction in peak flow and sediment supply. This resulted in less lateral channel
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migration causing side channels to be at risk of abandonment as a result of vegetative encroachment.
Plans to active the affected side channels are underway.

In sum, the findings from our analysis strongly suggest that the braided and anastomosed reach
classifications have experienced declines in riparian turnover rates, reduced new riparian recruitment
rates, and lost side channel length and area, primarily below the Bighorn River at rates that suggest these
lower river reaches no longer exhibit a steady-state process over the time period studied. Upper river
reaches in Regions A and B demonstrate more equality between spatial and temporal changes in riparian
area cover class during the period of study. The reductions in discharge events (around 15,000 cfs
reduction in mean daily discharge below the Bighorn River confluence) detailed in Appendix 2 Hydrology
(Chase, 2013 and 2014) has led to reduced channel area and opportunity for riparian recruitment since
fewer sand and gravel bars are created and maintained each year. Specifically, upstream of the Bighorn
River confluence, typically less than 20 percent of the 5-year floodplain has been isolated; downstream of
the confluence over 40 percent of the 5-year floodplain is now inaccessible by a 5-year flood. Isolation of
the 2-year floodplain has resulted in reduced seasonal high flow channel activation during that event. The
extent of 2-year floodplain isolation has been most significant between the confluences of the Bighorn
and Tongue Rivers, where the developed 2-year inundation footprint is on the order of 40-percent smaller
than that under undeveloped conditions. Similar reductions and impacts have been noted for other
streams in the western U.S. (Knight, et al., 2014). Additionally, altered duration of high flows and low
flows has been found to significantly alter riparian community composition and cover types even though
mean annual flow is not changed (Auble et al., 1994)

Three aspects of riparian turnover were analyzed for the CES: extent of change from riparian to channel
and vice versa; magnitude of the changes; and the difference between gains and losses for two time
periods. Figure 1-15 depicts riparian exchange values between 1950 and 2001. Figure 1-16 shows the
net change in riparian exchange and Figure 1-17 shows the floodplain turnover rates for the two time
periods (1950-1976 and 1976 to 2001). Figure 1-18 provides results of correlation analysis between
riparian turnover and bank stabilization features. Figure 1-19 depicts riparian turnover rates by channel
classification for the 1950 and 2001 time periods.

Following are the main points of the turnover analysis:

1. Riparian gains as a result of channel conversion exceeded losses by about 55 percent throughout
Regions A, B, C, and D.

2. Gains and losses show variability between Reaches but there is a general trend in greater gains
going downstream as well as greater magnitude of exchanges.

3. Reaches in Region A and B generally show a relatively lower magnitude of exchanges between
the two covers with the exception of Reach A18, an Unconfined Anabranching (UA) channel type.
Most of these reaches also show relatively slight losses of riparian to channel cover (negative
values) except for Reach A18 which had about 27 acres of riparian cover per valley mile
converted to channel cover. Reaches in Regions A and B exhibit more classic equilibrium
conditions with more parity between riparian loses and gains.

4. Beginning at Region C, which is where the Bighorn River enters the Yellowstone, exchange from
channel to riparian becomes more prevalent in the magnitude and difference of exchange with
the exception of between Reaches C15 and D4, which has quite a bit less of both measures of
change. Nearly all reaches (except as noted) in these two regions show over 20 acres per valley
mile in riparian cover gains and a loss of channel. Studies in similar river basins (Snake, Bighorn,
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10.

and Yakima Rivers) found that hydrologic alterations due to river damming led to a transition
away from a flood-pulse driven, patchy mosaic pattern of riparian vegetation to a more terrestrial-
like pattern which has implications for biodiversity and wildlife and aquatic habitat (Braatne et al.,
2007; Akashi, 1998).

The disparity between gains and losses in Regions C and D indicates that turnover rates are out
of balance.

The rate of riparian cover converted to channel (riparian turnover) has declined since 1976 below
the ‘Bighorn River in Regions C and D compared to the same rate between 1950 and 1976
(Figure 1-15).

Over 60 percent of the gain in riparian cover (formerly channel) in all Regions occurs in Region D
alone.

The extent of channel migration correlates poorly to the density of bank stabilization features (R?
= 0.0095) indicating that bank stabilization is not driving the observed changes in turnover rates.

The extent of riparian change (gain vs. loss) between 1950 and 2001 correlates poorly to the
density of bank stabilization features.

The rate of riparian turnover has declined (riparian areas converted to channel) when comparing
1950-1976 rates to 1976 to 2001 rates. Reaches with more dynamic channel classifications have
experienced a more severe decline in this rate, especially in Regions C and D below the mouth of
the Bighorn River. The reason(s) for the decline is not known for sure but appears to be related to
declining high spring flows since they do not appear to be directly related to bank stabilization
features, another possible source of the decline.
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Figure 1-15 Analysis of exchange rate