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Abstract
This report containa summary overview of a Channel Migration Mapping effort on streams of the
Upper Missouri River Watershed he studyollectively extends over almost 500 miles of the
Beaverhead, Big Hole, Jefferson, Madison, Gallatin, and East Gallatin Rivers. Each river has a separate
detailed report describing thphysical setting, flood historymapping process and results for that
system This summargeport providesan overviewof the mapping processs well as brief
RSAONARLIGAZ2Y 2F SIFOK NAGBSNDA OKIFNIOGSNI YR 3IS2Y2NL
of results between rivers to help discern the relatiageis of change within each system. Some
common management issues associated with river corridor development that were observed in the
mapping process are also describéthe overall intent is to provide a brief synopsis of the CMZ
mapping process, and ttiscuss each system in terms of geomorphic process, management challenges,
and risk.
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Glossary and Abbreviations
Alluvial ¢ Relating to unconsolidated sediments and other materials that have been transported,
deposited, reworked, or modified by flowing water.

Avulsion¢ The rapid abandonment of a river channel and formation of a newmdlarvulsions

typically occur when floodwaters flow across a floodplain surface at a steeper grade than the main
channel, carving a new channel along that steeper, higher energy path. As such, avulsions typically
occur during floods. Meander cutoffseapne form of avulsion, as are longer channel relocations that
may be miles long.

Bankfull Discharge The discharge corresponding to the stage at which flow is contained within the
limits of the river channel, and does not spill out onto the floodpld@ankfull discharge is typically
between the 1.5and 2year flood event, and in the Northern Rockies it tends to occur during spring
runoff.

CDc Conservation District.

Channel Migrationg The process of a river or stream moving laterally (side to sic®ssts floodplain.
Channel migration is a natural riverine process that is critical for floodplain turnover and regeneration of
riparian vegetation on newly created bar deposits such as point bars. Migration rates can vary greatly
though time and betwen different river systems; rates are driven by factors such as flows, bank
materials, geology, riparian vegetation density, and channel slope.

Channel Migration Zon¢CMZ)¢ A delineated river corridor that is anticipated to accommodate natural
channelmigration rates over a given period of time. The CMZ typically accommodates both channel
YAINI GA2Y YR FNBFA LINRYS (2 | Qdzf aA2y @ ¢ KS N & dz
corridor that would be active over some time frame, whisltéommonly 100 years.

DNRQ; Department of Natural Resources and Conservation.

Erosion Buffer The distance beyond an active streambank where a river is likely to erode based on
historic rates of movement.

Erosion Hazard AreEHA] Area of the CMZ geneed by applying the erosion buffer width to the
active channel bankline.

Flood frequency The statistical probability that a flood of a certain magnitude for a given river will
occur inany given year. A 1% flood frequency event has a 1% chance of ivappeany given year,
and is commonly referred to as the 1§6ar flood

Floodplain An area of lowying ground adjacent to a river, formed mainly of river sediments and
subject to flooding.

Fluvialg Streamrelated processes, from the Latin word fluviasiver.
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Geomorphology-¢ KS &G dzRé 2F fFyRT2N¥a 2y (GKS 9 NI KQ& & dzNF
f I yYRT2NYA® GCfdz@AlE DS2Y2NLK2f238é¢ NBFSNE Y2NB &
surface.

GIS¢ Geographic InformatiorSystem A system of hardware and software used for storage, retrieval,
mapping, and analysis of geographic data.

Historic Migration Zone (HMZ) The historic channel footprint that forms the core of the Channel
Migration Zone (CMZ)The HMZ is defined byiapped historic channel locations, typically using historic
air photos and maps.

z ~

Hydrology¢c¢ KS &G dzReé 2F LINPLISNIASAZ Y20SYSyidx RA&UGNAO dzi
surface.

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

Large Woody Debris (LWQ)Large pieces of wood that fall into streams, typically trees that are
undermined on banks. LWD can inflgerthe flow patterns and the shape of stream channels, and is an
important component of fish habitat.

Management Corrido Amappedstream corridor that integrates CMZ mapping and land use into a
practical corridor for river managemeand outreach

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

Morphology - Of or pertaining to shape

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

Planform- The configuration of a river chaal system as viewed from above, such as on a map.
RDGR Reclamation and Development Gta Program, DNRC.

Resticted Migration Area (RMAY, Those areas of the CMZ that are isolated from active river migration
due to bank armor or other infrastructure.

Return Intervat The likely time interval between floods of a given magnitudikeis can be misleading,
however, @ the flood with a 10§ear return interval simply has a 1% chance of occurring in any given
year.

Ripariang Of, relating to or situated on the banks of a river. Riparian zones are the interface between
land and a river or stream. The word is derived from L@tisy meaning river bank. Plant habitats and
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communities along stream banks are called riparian tegg®, and these vegetation strips are
important ecological zones due to their habitat biodiversity and influence on aquatic systems.

Riprapg A type of bank armor made up of rocks placed on a streambank to stop bank erosion. Riprap
may be composed of @uried rock, river cobble, or manmade rubble such as concrete slabs.

Sinuosity- Thelength of a channel relative to its valley lengtBinuosity is calculated as thatio of

channel length to valley length; for examplesteaight channel has a sinugsivf 1, whereas a highly

tortuous channel may have a sinuosity of over 2.0. Sinuosity can change through time as rivers migrate
laterally and occasionally avulse into new channels. Stream channelization results in a rapid reduction in
sinuosity.

Streamcompetency- The ability of a stream to mobilize its sediment laetich is proportional to flow
velocity.

Terraceg On river systems, terraces form elongated surfaces that flank the sides of floodplains. They
represent historic floodplain surfaces thaave become perched due to stream downcutting. River
terraces ardypically elevatedabove the 100year flood stagewhich distinguishes them from active
floodplain areas.

Wetland ¢ Land areas that are either seasonally or permanently saturated with ywatgch gives them
characteristics of a distinct ecosystem.
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1 Introduction

This report summarizes Channel Migration Zone (CMZ) mapping work created for six primary river courses in the
Missouri River Headwaters watershed. These rivers include: Beaverhead River (Clark Canyon Reservoir to Twin
Bridges), Madison River (Varney Bedg Three Forks), Jefferson River (Twin Bridges to Three Forks), Gallatin
River (Gallatin Canyon mouth to Three Forks), East Gallatin River (Bridger Creek confluence to confluence with
the Gallatin River), and Big Hole River (Wisdom to Twin BridgesitioAdtly, Clear Creek was added to 2010

Ruby River mapping (Ruby Reservoir to Twin Bridges). The Big Hole River mapping represents an update to the
original mapping from 2005. In total, this mapping accounts for approximately 493 miles of river ippbe U
Missouri River headwaters, with 440 miles mapped as part of this study. These river collectively basins drain
approximately 79% of the Upper Missouri Watershed area.

The six rivers mapped for this effort are all unique systems that show a highmawioariability with respect to
physical setting, hydrology, land use, and geomorphology. The CMZ mapping identify areas of the river corridor
that show demonstrable risk of erosion, and to provide additional context as to 1&zalk river behavior.

The challenges of channel movement in areas where land use pressures extend to streambanks can be
persistent, eveichanging, and costly. From an ecologic perspective, lateral channel migration, avulsion, change,
and disturbance are all critical processeattmaintain the resilience, vibrancy, and health of our stream

systems. Resiliency is maintained through physical deformability of the stream corridor, as that deformability
can accommodate floods or other alterations in sediment or flow inputs. Vibamtyealth are maintained

though the creation and rejuvenation of both riparian and aquatic habitats, which is what sustains our riparian
corridors and fisheries.

Channel movement also poses challenges to stream corridor development, which commonlgsnclud
transportation infrastructure, irrigation systems, farming and ranching, and residential development. In many
cases landowners understand the risks of capital investing adjacent to rivers, however in many other situations
landowners are entirely unawarof the risk they are assuming. To that end, it is our intent to provide mapping
and map interpretations that help stakeholders understand, anticipate, and mitigate those risks, to minimize
unnecessary costs, and to optimize lebegm river function in his series of spectacular river corridors.

1.1 Overview

This report provides a general overview of the mapping process and results. It draws from a series of river
specific reports that contain a much more detailed summarnhefdata, methodology, ancesults for each

river. Supporting data, maps, and the report are available from the Ruby Valley Conservation District (RVCD)
and the Montana State Library CMZ website
(http://geoinfo.msl.mt.gov/data/montana_channel_migration_zones/data_maps_and_reports)aspx

Additionally, the Montana State Library CMZ website contains an interactive web map that can be used to view
the mapping results and many ofdtof the project dataets.

The work wagprimarilyfunded through a 2013 Montana Department of Natural Resources and Conservation
(DNRC) Reclamation and Development Grants Program (RDGR)pitledMissouri Headwaters River/Flood
Hazard Map DevelopmenAdditional funding was provided yadison County, Madison Conservation District
(DNRC 223 Grant), and Ruby Valley Conservation District (DNRC 223 Th&aptpject wa administered by
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the Ruby Valley Conservation District, but includes input andwefrian stakeholders associated with each of
the mapped rivers.

Other rivers in Montana that have significant area&MZmapping include the Yellowstone River, sections of
the Flathead, Clark Fork, and Bitterroot Rivers, Deep Creek (Broadwater Couokyy,ear and Tenmile
Creeks (Lewis and Clark County), and Musselshell River (Roundup area).

1.2 The Project Team

This project work was performed Tony Thatcher of DTM Consulting and by Karin Boyd of Applied
Geomorphology, with support from Chris Boyer oftiel Aerial Services (Kestrel). Over the past decade, we
have been collaborating to develop CMZ maps for numerous rivers in Montém#he goal of providing

rational and scientificallgound tools for river management. It is our overall goal to fatélithe understanding

of rivers regarding the risks they pose to infrastructure, so that those risks can be managed and hopefully
avoided. Furthermore, we hope to stress the economic and ecological benefits of managing rivers as dynamic,
deformable systms that provide resilience to flooding and ecological sustainability, while reducing capital costs
of poorly conceived engineered solutions.

1.3 What is Channel Migration Zone Mapping?

The goal of Channel Migration Zone (CMZ) mapping is to provide-aftedive and scientificalpased tool to

assist land managers, property owners, and other stakeholders in making sound land use decisions along river
corridors. Typically, projects constructed in stream environments such as bank stabilization, homes and
outbuildings, access roads, pivots, and diversion structures are built without a full consideration of site
conditions related to river process and associated risk. As a result, projects commonly require unanticipated
and costly maintenance or modification accommodate river dynamics. CMZ mapping is therefore intended to
identify those areas of risk, to reduce the risk of project failure while minimizing the impacts of development on
natural river process and associated ecological function. The mapjEls imtended to provide an educational

tool to show historic stream channel locations and rates of movement in any given area.

CMZ mapping is based on the understanding that rivers are dynamic and move laterally across their floodplains
through time. As such, over a given timeframe, rivers occupy a corridor area whose width is dependent on rates
of channel shift. The processes associated with channel movement include lateral channel migration and more
rapid channel avulsior-{gurel).

Avulsion
Bendway Cutoff
between 1976 - 2001 = 1976

Figurel. Typical patterns of channel migration and avulsion evaluated in CMZ development.
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The fundamental approach to CMZ mapping is to identify the corridor area that a stream channel or series of
stream channels can be expected to occupy ovgivan timeframeg typically 100years. This is defined by
mapping historic channel locations tofdee the Historic Migration Zone, diMZ Figurel). Using those

mapped banklines, migration distances are measured between suites of air photosnghliog/calcudtion ofa
migration rate (feet per year) at any sit&verageannualmigration rates are calculated on a reach scale and
extended to the life of the CMZ, which in this case is 100 years. Thiga0®hean migration distance defines
the Erosion Buffemvhich is added to the modern bankline to define the Erosion Hazard ArdgHA

Channel migration rates are affected by local geomorphic conditions such as geology, channel type, stream size,
flow patterns, slope, bank materials, and land use. For @&nan unconfinedmeandering channel with high

sediment loads would have higher migration rates than a geologically confined channel flowing through a

bedrock canyon.To address this natural variabiligach rivethas been segmented into a series ofabas that

are geomorphically similar and can be characterized by average migration rates. Reach breaks can be defined by
changes in flow or sediment loads at tributary confluences, changes in geologic confinement, or changes in
stream pattern. Reachese typically on the order of five tten mileslong. Within any given reach, dozens to
hundreds of migration measurements may be collected.

Avulsionprone areas are mapped where there is evidence of geomorphic conditions that are amenable to new
channelformation on the floodplain. This would include meander cores prone to cliafti(el), historic side
channels that may reactivate, and areas where the modern ibkis perched above its floodplain.

The following map units collectively define a Channel Migration Zone (Rapp and Abbe, 2003):

w Historic Migration Zone (HMZ)the area of historic channel occupation, usually defined by the
available photographic record.

W Erosion Hazard Area (ERA)e area outside the HMZ susceptible to channel occupation due to
channel migration.

w Avulsion Hazard Zone (AHZJoodplain areas geomorphically susceptible to abrupt channel
relocation.

W Restricted Migration Area (RMAgareasof CMZ isolated from the current river channel by

constructed bank and floodplain protection featuréBhe RMA has been referred to in other studies
as the DMADisconnected Migration Area.

The individual map units comprising the CMZ are as follows:
QMZ = HMZ + EHA + AHZ

¢tKS wSAaUNAROGSR aAaNrdAzy ! NBF owa! 0 Aa O2yYyYzyfte NBY
I 00S&aaArofSé¢ o0& GKS NAGSNI owl LILJ FYyR !'600SZ HAnoO® Ly
human activities pvide insight as to the extent of encroachment into the CMZ, and highlight potential

restoration sites.These areas may also actively erode in the event of common project failure such as bank

armor flanking. For this reason, the areas of the natural @ldzhave become isolated are contained within

0KS 2@0SNIftf /a¥% 02dzyRFNE YR KAIKEAIKIGSR a aNBailNR

Upper Missouri River Headwaters Channel Migration Mapping St&lynmary Report December 31, 2017
3



Each map unit listed above is individually identified on the maps to show the basis for including any given area in
the CMZ footprint Figure2).

Bank
Stabilization SN CMZ Boundary
K ~ 7

Channel
w\_ Year
\\_‘ — 1950

- —

1976
2015

Stabilization EHA

CMZ Boundary

Figure2. Channel Migration Zone mapping units.

Although the basic concept for Channel Migration Zone mapping efforts is largely the same throughout the
country, different approaches to defining CMZ boundaries are used depending on specific needs and situations.
These differences in assessment techeigjgan be driven by the channel type, different project scales, the type
and quality of supporting information, the intended use of the mapping, etc. For this study, thes@ifihied

as a composite area made up of the existing channel, the collectpriot of mapped channel locations

shown inhistoricimagery (Historic Migration Zone, or HMZ), and an Erddeward AredEHA), thats based on
reachscale average migration rateéreas beyond the Erosion Buffer that pose risks of channel avulston ar
identified as Avulsion Hazard Areas or AHHis approach generally falls into the minimum standards of

practice for Reach Scale, Moderate to High Level of Effort mapping studies as defined by the Washington State
Department of Ecologyvw.ecy.wa.qoy. This approach does not, however include a geotechnical setback on
hillslopes; these areas would require a more sipecific analysis than that presented here.

1.4 Education and Outreach

Education and outreach efforterfimed a key component to this study total of 14 meetings were held

throughout the term of the study to discuss CMZ mapping, river process, mapping results, and CMZ applications.
During the CMZ map development process, a meeting was held to discitsedudtsfor eachriver. For these
meetings, &orts were made to assemble a cross section of stakeholders, including public officials, land use
managers, and private citizeivsorder to gain input on areas of concern, educsit#keholderson river praess,

and answer guestions regarding the mapping.

Towards the end of the studproject summarymeetings were held in major communities throughout the study
area. The primary goal of these meetings was to ensure that key decision makers (commissameess pl
conservation district administrators, etc.) attended each meetind were aware of the studyWhile these

final outreach meetings focused on the mapping in that community, examples from throughout the study area,
Montana, and regionally were prested with the goal of educating the stakeholders on ways that CMZ mapping
can be usedo help make informed decisions that influence the riv@ablel lists the puliic outreach and
education meetings held as part of this study.
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Tablel. Public outreach and education meetings.

Date Location Notes

March 8, 2016 Ennis, MT Project KickoffMadison River

September 29, 2016  Dillon, MT BeaverheadRiverPreliminary

December 8, 2016 Dillon, MT Beaverhead River Draft Report

December 14, 2016 Ennis, MT Madison River Draft Report

February 23, 2017 Whitehall, MT Jefferson River Draft Report

March 30, 2017 Manhattan, MT Gallatin and East GallatitiverDraft

March 31, 2017 Bozeman, MT Gallatin Local Water Quality District

September 13, 2017  Sheridan, MT Clear Creek Mapping Draft

September 26, 2017  Miles City, MT Montana Association of Planners, Project overview and C
applications

November 82017 Bozeman, MT Upper Missouri Headwaters Basin Task Force Meeting, C
Overview and Project Summary Report

November 15, 2017 Divide, MT Big Hole River Draft Report

December 5, 2017 Virginia City, MT Project Summary Report

January18,2018 Bozeman, MT Project Summary Report

January31, 2018 Dillon, MT Project Summary Report

1.5 OtherRiverHazards

While the name of this study dpper Missouri HeadwateRiver/Flood Hazard Map Developmettte study

focused primarily on hazards associated with chanmglation over the next century. It is important to note

that river erosion is only one of a series of hazards associated with river corridors. Flooding, ice jams, and
landslides also pose significant hazards, that together with channel migration, defiriee ofcommonhazards
associated with rivers. This study included a separate effort that created Discovery Reports for the Madison,
Jefferson, and Beaverhead Rivers. Discovery Reports are often the first step gathering and evaluating available
floodplain related data and information on community needs and priorities to help guide future flood study and
flood mitigation projects. Ice jam and landslide hazards are discussed for each river, though there is limited data
to support modeling and mappindg these specific hazards.

1.5.1 Flooding

CMZ maps do not delineate areas prone to flooding. The difference between mapped flood boundaries and
CMZ boundaries can be substantial. In cases where the floodplain is broad and low, the CMZ tends to be
narrower than the flood corridor left schematic orFigure3). In contrast, where erodible terrace units bound
the river corridor, the CMZ is commonly wider than the floodplaatause the terraces may be high enough to
prevent flooding, but not immune to erosionght schematic orfrigure3). This is a common problem in
Montana because of the extent of high glacial terraces that are above base flood elevations, but not-erosion
resistant.
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Figure3. Schematic comparisons between CMZ and flood mapping boundaries (Washington Department of Ecology).

Figured shows a property on the Yellowstone River in Park Coumtiyvttas progressively undermined during

the 19961997 floods, prompting the owner to burn it down to prevent any liability associated with the
structure falling into the river. This has been a chronic problem in river management, as landowners assume
that if their home is beyond the mapped floodplain margin, it is removed from all river hazards

Figured. Yellowstone River home on high glacial terrace that was burned down in 1997 to prevent its undermining by the river.

1.5.2 IceJams
Another serious river hazard, especially in Montana, is ice jamming. Over 1,470 ice jams have been recorded in

Montana, which is the most of any of the lower 48 stateisp(//dphhs.mt.gov/). The ice jams are most

common in February and MarcIThe National Weather Servitists five of the six rivers in this study as having
10 or more reported ice jams, with the Big Hole River being the only one absent from {féglis€5). Ice
jamming and gorging plays an important role on the "veésorging refers to the formation of huge ice jams

that can cause serious flooding. It happens when ice forms, and largkshrgak loose, growing into larger
slabs with more freezingThe slabaccumulate to fornrdams which cause flooding upstream. @erslike the
Madison, ice gorging can be especially problematic due to the low bank heights and shallow river conditions
(Figureb). According to the Bureaaf Land Management (BLM 2009):
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Figureb. Montana rivers east of th&ontinental Divide with 10 a more reported ice jams.

Figure6. Ice gorging in Ennis on January 28, 2007 (T. Thatcher)

Upper Missouri River Headwaters Channel Migration Mapping Sf&ilymmary Report December 31, 2017
7



1.5.3 Landslides

Landslides andther types ofhillslope failures can dramatically affect river procasd CMZ boundariesVhen
large quantities of hillslope debrégedelivered to a stream corridothe materialcanforce streams into new
channels bydeflection or camming the river In some cases, the effects of such an event can extend well
downstream as the river reworkhe material. Severalof the riversmapped for this efforhave canyon sections
where steep valley walls have the potential to contribubckslides, debris flows, or landslides. This includes
Beartrap Canyon on the Madison River, Clark Canyon on theBemd River, Jefferson Canyon on the
Jefferson River, and multiple short canyon sections on the Big Hole Rivde(Bi@iden Rockand Notch

Bottom). The largest and most renowned landslide in these stream systems is the Quake Lake Slide on the
UpperMadison River, where a massive earthquakauced landslide blocked the river August1959, forming

a landslide dam that is 6 miles long and 190 feet deep. This slide is upstream of the CMZ mapping area on the
Madison River, yet still influences systégdrology and sediment delivery

Because of the inheremtomplexities andincertainties inpredictinghillslope processeghe potential for future
hillslope failure has not been integrated into the CMZ mappidgwever, gologic maps were reviewed for

each river to see where active landslides have been mapped, and these sites are discussed in narrative form.
Canyonrareas that are prone toock slides and debris flovese also pointed out where visible. In general,
however, hillslope failures are consige a site-specific hazard that is beyond the level of analysis presented
here.

1.6 Potential Applicationsf the CMZ Maps

The CMZ mapping is intended to support a myriad of applicafieigsire7), but the mapping should be
primarily viewed as a tool to support informed management decisions throughout a river corRdtential
applications for the CMZ maps include the following:

w ldentify specific problem areas where migration rates are notably high and/or infrastructure is

threatened

Strategically place new infrastructure to avoid costly maintenance or loss of capital;

Strategically place new infrastructure to minimize impacts lmannel process and associated ecological

function;

Assist in the development of river corridor best management practices;

Improve sakeholder understanding of the risks and benefits of channel movement;

Identify areas where channel migration easememisy be appropriate;

Facilitate productive discussion between regulatory, planning, and development interests active within

the river corridor;

Helpcommunities and developers integrate dynamii@r corridosinto land use planning; and,

w Assist longerm residents in conveying their experiences of river process and associated risk to
newcomers.

€ €

€ e ¢ge¢g

€
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Figure7. Potential applications.

The CMZ mapping developed in this study was not developed with the explicit intent of itivéating
regulatory boundaries or overriding sigecific assessmentény use of the maps as a regulatory tool should
include a careful review of the mapping criteria to ensure that the approach used is appropriate for that

application.
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2 Methods

TheCMZmappingapproachis based on established methods used by the Washington State Department of

Ecology, as well as closely following similar effort2 y | @I NAS{i& 2F az2yidlylQad NAOD
for all the rivers in the Missouri Headwaters daegelythe same, there are some details such as imagery dates

that are specific to each river. Detailed information for each riveris inBludd y G KS NA @SNRa AYyR
report. The following section summarizes the CMZ mapping methodology that was applied to all rivers. For

more detailed informationregardingthe mapping methodology, please ref® the individualreports.

2.1 GIS Project Del@pment

Lff LINRP2SOG RFEGEFE 61 & O2YLIAESR dzaAy3a 9{wLQ& ! NDal LJ D
coordinate system Montana State Plane NAD83 Feet (HARN). 2Dk@Ruby River CMZ Stu@GI/DTM,
2010)utilized this coordinate system aswas the recommended best practice at the time. To be consistent

with that study, therest of the Upper Missouri CMZ Mappiutilizes this reference systenOrthorectified air

photos provide the basis for CMZ mapping. In addition to the specific paagtcreated for this study, other

data included roads, stream courses as depicted in the National Hydrography Dataset, scanned General Land
Office Survey Maps obtained from Bureau of Land Management, and geologic maps produced by the United
States Geolagal SurveyAll data, along with a web map application, will be archived at the Montana State
Library Channel Migration Zone Mapping web site
(http://geoinfo.msl.mt.gov/data/montana_channel_migration_zones

2.2 Aerial Photography

CMZ development from historic imagery is dependent on the availability of appropriate imagery that covers the
required time framg50+ years), the spatial coverage of that imagery, and the quality of the photos. Itis
important to use imagery with the best possible quality, scale, extent, and dates so that historic and modern
features can be mapped in sufficient detail.

In generd three key imagery data sets were used for the mapping. The earliest was 1:20,000 scale imagery
from 1955 (1965 was used for the lower Madis@uallatin and East Gallatin Riyeaisquired from the USDA. All
rivers used 1:40,000 scale imagery from tHeDA for 1979. NAIP imagery was used for the most recent data set
for all rivers. The exact NAIP year depended on when the mapping was completed. As the Ruby River was
mapped in 2010, it relied on 2009 NAIP imagery. Both 2013 and 2015 NAIP imagengadeier the

Beaverhead, Clear Creek, East Gallatin, Gallatin, and Madison Rivers. The Big Hole mappingnig@ditie

NAIP imagery.

TheUSDA imageryere delivered as highesolution (12.5 micron) FF images They were then orthorecitified

by Aeral Services, Inc. (ASI) in Cedar Falls, lowa, usisgNZIP imagery as the spatial reference, providing
identifiable ground control points. The resulting mosaics were assessed for spatial accuracy using National
Spatial Data Accuracy standards, alontip\&ssessing the image qualitifzigure8 through Figure10 show
examples ofmagery, along with mapped banklines.
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Figure10. Example 2015 imagery, Big Hole River GldZelopment.

2.3 Bankline Mapping

Banklines representing bankfufllarginswere digitized for each year of imagery at a scalapgfroximately
1:2,000. Bankfull is defined as the stage abowhichflow starts to spread ontthe floodplain. Although that
boundary can be identified using approaches such as field indicators or mo(rilieng 1972)digitizing
banklines folCMZ development requirdle interpretation of historic imageryThereforewe typically rely on
the extent of the lower limit of perennial, woody vegetation to define channel b@aksint & Louis, 2005)
This is based on the generally accepted concept that bankfull channels are inhospitabledipwegetation
establishment Fatunately, shrubs, trees, terraceand bedrock generally show distinct signatures on both
older blackand-white as well as newer color photography. These signatures, coupled with an understanding of
riparian processes, allow for consistent bankline magphrough time and across different types of imagery.
Examples of bankline mapping are showifrigure8 through FigurelO.

2.4 Migration Rate Measurements

Once the banklines were developed, they were evaluated in terms of discernable channel migration since the
earliest bankline mapping. Where migration was clear, vectors (amgthiorientation and length) were drawn

in the GIS to record that change. At each sftbankline migration, measurements were collectedegular
intervalsof approximately one half the average channel wi¢figurell). Atotal of 7,818 migration vectorat

1,980 sites (e.g. a bendwaykre generated for thall rivers in the study These measurements were then
summarized by reactor each river The results were then used to define a reatale erosion buffer width to
allow for likely futurebanklineerosion.
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Figurell. Example of migration measurements (migration distance in feet).

2.5 Avulsion Hazard Mapping

Avulsion hazards can be difficult to identify on broad floodplains, because an avulsion could occur virtually
anywhere on the entire floodplain if the right conditions were to occis. such, aulsion pathwaysvere
identified and mapped usingriteria tha identify a relatively high propensity for such an event. These criteria
usually include the identification of high slope ratios between the floodplain and channel, perched channel
segments, and the presence of relic channels that concentrate flow diloiods. These features were

identified using aerial photggopographic dataand inundation modeling results.

Upper Missouri River Headwaters Channel Migration Mapping Sf&ilymmary Report December 31, 2017
14



3 CMZ Mapping Results by River

CMZ mapping is a unique type of geomorphic assessment in tisdtaised on &roadempiricalevaluation of
historic and projected¢hanges in river locationThe assessment is based largely on historic mappindthe
results provide insight as the reachscale geomorphicharacterof each river.Sincethe rates and patterns of
planform changeeflect the combined influences of geology, hydrology, ice jams, land use, and riparian
condition on fluvial geomorphologyt is therefore valuable to consider how these factors come into play, and
how future changes in these influences may alter strdsehavior and mapping resultJ o that end, each river
has been described with some attention paid to the context of those geomorphic influences,ingliate
physical setting, flood history, flow managemeland useandinfrastructurecontrols

The resilts show that each river system has unique characterigtiasaffect rates of change and risks
associated with corridor developmenthe following section dribesthosecharacteistics to capture the
overallgpersonalivé 2 ¥ S hsOlsenid i&OMZ mapping process

3.1 Geography

With the conclusion of this study, CMZ mappisigvailable for the primary rivers that drai®% of theUpper

Missouri Headwaterwatershed areaTable2). Almost 500 miles of river were mapped, and edvbrwas

flown by Kestrel Aerial Services to collect oblique air photos to assist with site interpretation and oufféch.
drainages noincluded in the study are the Red Rock River above Clark Canyon Reservoir and the Boulder River
north of Whitehall Figurel?2).

Table2. Rivers with CMZ mapping in the Missouri River Headwaters Wateed.

Beaverhead River 83.2 83.2 0 1502 11%
Big Hole River 153 111 42 2789 20%
East Gallatin 41.4 41.4 0 642 5%
Gallatin River 120 55 65 1204 9%
Jefferson River 76 76 0 1299 9%
Madison River 183 62 121 2556 18%
Ruby River 76 53.7 22.3 966 7%
-Clear Creek 111 111 0 NA NA
Totals 744 493 250 10,958 79%
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3.2 Beaverhead River

The 83mile long project reach of the Beaverhead River flows frbendutlet of Clark Canyon Datmrough Clark
Canyon, where it turns northward to traverse the Beaverhead River Valley between Dillon and Twin Bridges
(Figurel6). For the firstl5 miles below Ci& Canyon Dam, the river flows through a narrow canyon that is
constricted by both volcanic rocks and transportation infrastruc{irigurel3 and Figurel4). The combined
effects of Interstate 15, a rail line, and frontage road severely confine the naturally narrow stream corridor, in
places isolatinproad swahs ofhistoric floodplain area. The river exits the canyon at a narrow constriction at
Barretts entering a broad valley for the remainder of its course to Twin Brid§esae sections the

Beaverhead Valleshow severe riparian degradati@ujacent tothe riversince the 1950swhich can reduce
floodplain and streambank resiliency. Many of these areas of riparian clearing have avulsion pathways that
follow old floodplain channel@=igurel5). A few miles downstream of Dillon, the modern river is perched about
6 feet above a series of channel remnants to the west, including Selway Slough, Murray Gilbert Slough, and
Albers SlougkFigurel?7). This perching of the river over its ancestral floodplain creates atkemg flood and
avulsion risk that is several miles wide. Because of the large scale of the perched segment, Howasarot
included in the CMZ maps as a high risk avulsion hazard. That designation would require a more detailed
investigation of floodplain connectivity and erodibility between the Beaverhead River and adjacent sloughs.
Downstream of Beaverhead Rotke Beaverhead River is very sinuous, with active channel meandering and
cutoff; in somecasesfuture cutoffs will abandon irrigation points of diversi¢figurel8).

Figurel3. View downstream ovelClark Canyon Dam, Montan@estrel)
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Figurel4. View downstream towards Grasshopper Creek showing Paleeagé& sandstones on left valley wall, terraced right valley
wall; an active landslide can be seen in distance at mouth of Grasshopper Creek (hummock ground s(ifeszl)

Beaverhead River ’ | — 2015 Centerline
Loss of Riparian Cover #y 7 e d g

Feet 9

Figurel5. Loss of riparian cover downstream of Barrets from 1955 (left) to 2015 (right).
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The boundaries developed on the CMZ maps are intended to
provide a basic screening tool to help guide and support
management decisions within the Madison River corridor and
were not developed with the explicit intent of providing
regulatory boundaries or overriding site-specific assessments.

Figurel6. Beaverhead River CMZ mapping reash
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Figurel8. View downstream near Dillon showindiversion structure at risk of abandonment by bendway cutoff (Kestrel)
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Clark Canyon reservairas built between 1961 and 19@dr irrigationand flood control Before the dam was

built, the flood peaks on the Beaverhead River were highly variable muittiple events exceeding a 1§@ar

flood since 1907 The relatively quiet postiam floodng pattern consists ane enormous flood in 1984 and
persistently low annual peaks since the late 1980s. From a geomorphic perspective, one of the most striking
patterns in the flow record is the lack of channel forming flows over recent decades. For examplgetire 2
flow, which tends to strongly influence channel form, has been exagedly twice since the late 1980s at the
Barretts gaging station south ofldn.

The flow history on the Beaverhead River indicates that major floods can still occur with Clark Canyon Reservoir
in place The 1984 flood was caused by a long, wet sptiitag culminated with June flooding; the Beaverhead

and Ruby Rivers have bealentified as experiencing especially severe flOUSACE, 198. One of the biggest
problems in the area during the 1984 flood was flooding on Blacktail Creek in Dillon, where flows were routed
using hay bales and railroad ties. Extensive damagegdgds and roads/asrecorded in the Beaverhead and

Ruby River basins during that event (USACH)198

Mean migration rates on the Beaverhead River range from 0.6 feet per year in geologically confined reaches to
1.6 feet per year in more dynamic areasldw Dillon. Relative to other rivers in the Upper Missouri Watershed,
these rates are notably low, which is to be expected with the marked absence of channel forming flows in recent
decades. It should be noted, however, that floodplain developmentrigpaclearing, and a recent lack of
channeiforming flows have probably made the system less resilient to floods such as that of 1984.
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3.3 Big Hole River

The mapping segment of the Big Hole River extends Yadomto Twin Bridges, a distance of 111 riveites
(Figure21). Over this project reach, the river charactanges fromhighlydynamic multithread channels in
unconfined river bottoms to confined and stebpdrock canyons that show very little change on the scale of
decades.

One interesting aspect of the Big Hole River is its geologic history and resulting tortuous path through and
around the Pioneer MountainsAccording to Vuke (2004he Big Hole Riveras changed course dramatically

over the past 25 million years. Initially, the ancestral Big Hole River flowed northward through what is now the
Divide Valley towards the Deer Lodge Basin. Geologic deposits between Divide and Butte record this northerly
flow path, and mark an unusual location on the Continental Divide, where relatively low elevation alluvial
deposits form the divide as it crosses from the Highland Mountains south of Butte towards Fleecer Ridge in the
north Pioneers. Faulting then divertéite river to the west, where it flowed into what is now the Big Hole

Valley. As the valley filled and continued tectonism occurred, the river switched course again and flowed back
to the east, downcutting into older rocks west of Divide, and followirggahcestral river valley south of Divide.
Downcutting south of Divide also created the canyon section near Maiden Rock, which is west of its original
valley location (Vuke, 2004).

From Wisdom to Pintlar Creek, thpper Big Hol&iverflows through a widewillow-dominated, relatively low
gradient valley floor that hosts a complex mosaic of active and historic chgfimgisel9). Mapped channel
changes in this upperegment since 1955 include lateral channel migration, rapid channel relocation into old
swales, and wholesale creation of new channels on the floodfffagure20). Channel blockages due to

sediment loading, debris accumulations, and/or ice jamming has likelggbéayole in driving channel changes

in the reach. The 1950s imagery of the upper Big Hole shows a dense riparian corridor supported by beaver dam
impoundments and a shallow water table, which, coupled with little evidence-sfriscam sediment storage,
indicates a resilient floodplain that probably displayed low rates of channel movement and floodplain reworking
(Figure22). By the late 1970s, the system shifted to a much lower density of riparian shrubs on the floodplain,
less evidence of emergent wetlands, and extensive open bar features in the channel, indicagngpid bank
migration in recent decades. Mean migration rates since the 1950s average 1.2 to 1.6 feet per year.

From Pintlar Creek to Melrose, the river flows through a series of geologic controls including bedrock valley

walls, alluvial fans, and oldeiver terraces that confine the river corriddfigure23 and Figure24). Migration

rates are generally low, although where the alluvial valley locally widens, channel movement tends to be
discernable and measurable. Whereas the CMZ boundaries in the bedrock canyon sections are very narrow, less
confined areas are more compldue to both bank erosion and channel avulsion.
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Figure19. View downstream of Reach BH13 showing broad valley bottom and wittamninated riparian corridor (Kestrel).
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Figure20. Big Hole River at RW02 showing northeastward migration into floodplain swale driving bendway cutoff/avulsion.
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Figure21. Big Hole River CMZ mapping reaches.
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