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Executive Summary

This report contains the results of a Channel Migration Zone Mapping effort for approximately 86 miles
of the Yellowstone River between Gardiner and Springdale, in Park County, Montana. This study was
funded through a Montana Department of Natural Resasrand Conservation (DNRC) Reclamation and
Development Planning Grant (Grant Agreement No. RBI®194), that was awarded to Park County in
June 2023.The goal of this Planning Grant was to update the Yellowstone CMZ map so that it can be
used as a tooto evaluate floodrelated impacts in Park County, assist in emergency flood response
preparation, and identify projects that will help mitigate future flood risks while also supporting

healthy river functions such as floodplain connectivity, flood attenigat, natural channel movement

and erosion / sedimentation processes, water quality, andsimeam fisheries habitat.

From the City of Gardiner, Montana and to the Park County line near Springdale, Montana, the
Yellowstone River corridor has multiple transportation lines adjacent to the river and bridge crossings
that are critical for accessing emergency services, tolmnsinesses, and private residences property.

Rapid development along the corridor has increased property values and placed additional

infrastructure within the corridor that is at risk of both flooding and bankline migratibimis section of

river was stongly impacted by the June 10 to 16, 2022 Federal Emergency Management Agency (FEMA)
declared national disaster flood event, with markedly rapid lateral migration rates in areas that had not
previously seen erosion. This is an update to the 2009 Changehtidn Zone Mapping effort and

reflects impacts to the corridor from the 2022 flood utilizing availability of higher resolution data, and
assesses a new understanding of risks associated with development along the Yellowstone River in Park
County, Montam.

The objective with the mapping and interpretations provided in this document is to assist river corridor
landowners and other stakeholders in understanding the nature of Yellowstone River lateral migration,
focusing not only on the challenges that chanmédration creates but also the critical contributions

that these processes provide towards letggm river health, resiliency, and ecological vibrancy. The
Yellowstone River is critical for the economic health and character of Park County. AdoptioNaf a
approach to management of the river corridor represents an opportunity for the-teng vibrancy of

Park County at a reduced cost to landowners.
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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 new chaArelsions

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 Astbuch, avulsions typically occur
during floodsMeander cutoffs are one form of avulsion, as are longer channel relocations that may be
miles long.

Avulsion Hazard Zone (AHZJloodplain areas geomorphically susceptible to abrupt channel

NEf20FGA2y ® 5STAYSR a GK2a$S IINBFa GKIG INB gAlK
elevation.

Avulsion Nodeg The location where a river splits or relocates from an existing channel into an avulsion
path.

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

CDc¢ Conservation District.

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

Channel Migration Zon¢CMZ)c A delineated river corridor that is anticipated to accommodate natural

channel migration rates over a given period of tilfhe CMZ typically accommodates both channel

migration and areas proneto avulsichK S NB &adz & A& | YIFLIWLISR aF220LINAY G
corridor that would be active over some time frame, which is commonly 100 Yleased on average

annual migration rates)

DNRQ; Department of Natural Resources and Conservation.

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

Erosion Hazard AreEHA)X;, Area of the CMZ generated by applying the erosion buffer width to the
active channel bankline.

Yellowstone River in Park Cou@yannel Migration Mapping Update Septemberl2, 2024
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FloodFequencyc The statistical probability that a flood of a certain magnitude for a given river will
occur inany given yearA 1% flood frequency event has a 1% chance of happening in anygaeand
is commonly referred to as the 18@ar flood

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

Fluvialg Streamrelated processes, from the Latin word fluvius = river.

Geomorphologyc¢ KS & iddzRé 2F fFyRF2N¥ya 2y GKS 91 NIKQ& & dzNX
f I YRT2NYAD GCfdz@Alt DS2Y2NLK2f238¢ NBFTSNAR Y2NB aLJ
surface.

Geographic Information System (GISA 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 (CMZYhe HMZ is defined by mapped historic channel locations, typically using historic
air photos and maps.

Hydrologyc ¢ KS aiGdzReé 2F LINRPLISNIASaAZ Y2@0SYSyid> RA&GNRO dzi
surface.

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

Large Woody Debris (LWIQ)Large pieces of wood that fall into streams, typically trees that are
undermined on bankd. WD can influence the flow patterns and the shape of strehamnels ands an
important component of fish habitat.

Median Valueg The median is theniddle number in a sorted list of numbe(aither ascending or
RSAOSYRAYy 30 GKFG NBLNBSaSylta GKS aYARRESeé @FftdzS Ay

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.

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

Planform¢ The configuration of a river channel system as viewed from above, such as on a map.
Reclamation and Development Grants ProgrdRDGPY, Grant programadministered by the DNRC.

Restricted Migration Area (RMA) Those areas of the CMZ that are isolated from active river migration
due to bank armor or other infrastructure.
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Return Intervalg The likely time interval between floods of a given magnitude. This can be misleading,
however, as the flood with a 18@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 rivRiparian zones are the interface between
land and a river or streanThe word is derived from Latiipa, meaning river banklant habitats and
communities along stream banks are called riparian vegetation, 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 efRgioap
may be composed of quarried rock, river cobble, or manmade rubble such as concrete slabs.

Sinuosity¢ The length of a channel relative to its valley length. Sinuosity is calculated as the ratio of
channel length to valley length; for example, a straight channel has a sinuosity of 1, whereas a highly
tortuous channel may have a sinuosity of over 2.0. Siitu@an changevertime as rivers migrate

laterally and occasionally avulse into new channels. Stream channelization results in a rapid reduction in
sinuosity.

Stream Competency The ability of a stream to mobilize its sediment load which is proportional to flow
velocity.

Terraceg On river systems, terraces form elongated surfaces that flank the sides of floodjla@ys.
represent historic floodplain surfaces that have become perched due to stream downciRtireg.
terraces ardypically elevatedabove the 106year flood stagewhich distinguishes them from active
floodplain areas.

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

Channel Migration Zon@CMZ) nappingfocuses on identifying potential river

corridor hazards associated with the lateral migratiostwéamchannes and Note: CMZ mapping
avulsioninto new or reactivated channel pathway$his is a separate risk from S alelaa¢=te[VE elgA Ty
flood hazard or FEMAmapping, butrepresents a serious risk to public and Montanaand the
private infrastructure and safety. inclusion of the word
G%2ySé aKi
interpreted as
imparting any sort of
regulation on land.

This is an update to the 2009 CMApping effort and reflectshanges in
channel locations since then, including impacts of2B22 flood Hgh
resolutionpost-2022 flooddatawere used to better capture the changes
associated with that event, and to capture how those changes may pose risk
development projects located within or adjacent to the active stream corridor.

This report contains the results ofGMZMappingeffort for approximately 8éniles
references in this of the YellowstoneRiver inParkCounty, Montana.From the City of Gardiner,

report are based on Montana and to the Park County Line near Springdale, MT, the river corridor has
the 2009 multiple transportation lines adjacent to the river and bridge crossings that are
critical for accessing emergency services, towns, businessepriaate residences
property. Recent development along the corridor has increased property values and
put additional infratructure at risk of both flooding aror channelmigration.This
section of river was strongly impacted by the June 10 to 16, 2022 FEMA declared
national disaster flood event, with markedly rapid lateral migration rates in areas that
had not previously seemeasurablesrosion.

Note: All river mile

Yellowstone
Cumulative Effects
Study stationing.

The mapping wagot developed to be regulatory in nature and does not create new requirements for
landowners. It is intended to assess and present a specific river hazard type, to help individuals and entities
associated with the river to make educated decisions regardavgldpment within the river corridor.

This project is based upon work supported by the DNRC under Agreement N@3RIT®} and was
administered by Park County, Montana.

1.1 Background and History

The Yellowstone Riveratershed encompasses approximately 71,000 square miles of area in Montana,
Wyoming and North Dakot@rigurel). It originates in Yellowstone National Park and is considered the longest
free-flowing river in the lower 48 of the United States, as the mainstem has no major dams or reservoirs.

The 86 miles of river in Park Counfiygure?) drains an area of 4,716 square miles with the only major tributary
being the Shields River, which enters the Yellowstone River below the City of Livingston. There are several
major irrigation diversions, including the Park Branch Canal and Livingstbn Bith no dams on the river or
major tributaries and only a few significant diversions, it behaves as a snow melt system with a natural
hydrographthat tends to peak during late spring and early summer months

Yellowstone River in Park Cou@yannel Migration Mapping Update Septemberl2, 2024
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Figurel. TheYellowstoneRiverwatershed

In 1996 and 1997, the Yellowstone River was subjected totoagk: O & y-fear Ndbd ements. In

response to extensiveankerosion numerous erosion control projects (primarily rock ripra@re permitted,

and installed, to protect both public and private infrastructure along the river. Subsequently, the US Army Corps
of Engineers (USACE) was sued for failing to assess the cumulative impacts of the installation of the bank armor.
The result othis lawsuit was an approximate d/ar effort to study and assess the river from the town of

Gardiner where the river exits Yellowstone National Park todtdluence with the Missouri River in North

Dakota, a total river distance of 565 miles.

The resulting Cumulative Effects Analysis (CEA)(USACE, 2015) for the Yellowstone River Corridor Study was led
jointly by the Yellowstone River Conservation District Council and the USACE, with participation from multiple
federal, state and local agencies well as several ngprofit organizations and private businesses. The study

was undertaken as a result of public attention and concerns about the combined effects of damaging flood
events and increased development pressures along the Yellowstone Rivielo€or

The CEA Study focuses on numerous physical, biological and social components of the Yellowstone River.
Extensive mapping of historic banklines were digitized from georeferenced imagery starting in 1948 and

continuing up to 2001. Understanding the rateRan OK | NI OGSNAaGA Oa 2F GKS NARJSN
to including a CMEKilapping effort for the entire Yellowstone River study area which was released in 2009 (Boyd

and Thatcher, 2009).
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1.2 Other Relevant Studies

In addition to the Cumulative Effects Analysis, the 100 1T , St t 26a 2y S FE22RAaAX az2y
O2y@SYySR | 3INRdzZL) 2F RAOGSNARS aidl {SK2ftRSNER Ayid2 GKS |
issues, competing values, and uses that impactvtelbowstone River. The recommendations generated by this

group are capturedinthe n no D2 FSNY 2 NDa ! LIIFdide Fisaf Re@mnietidatibrs Repartd S NJ
In this report, the task force identified the need f@GnannelMigration Zone Mapping and provided

recommendations to address ongoing issues like bank stabilization, bridges, public infrastructure, fisheries, and
future river assessment needs.

This work also established the Upper Yellowstone Special Resource Management Zone and Upper Yellowstone
Special Resource Management Plan. In 2011, the USACE designated the portion of the Upper Yellowstone
between Emigrant and Springdale (approximatelyd &pecial Resource Management Zedae to the

cumulative impacts in this reactand developed &pecial Resource Management Plan (SAMBEIp address
FAdZNIHKSNJ RSANI RFGA2Yy @ ¢KS {!lat y20idSa GKIFIG I YIF22N A
the transformation of the river from one channel type (i.e. meandering/reh&nnel) to another type (i.e.
straightened/singt-channel) caused by channel modifications likeraip (bank armoring) and levees. The

SAMP also notes that the projects that have the greatest potential to negatively impact channel morphology and
all associated river functions are: stabilization oérbanks; confinement of flood flows to channels by

disallowing overbank flooding; and removal or addition of sediment from or to the channel network.

The 2023 Park County Hazard Mitigation Plan lists CMZ map updates, and flood mitigation project assessment
and implementation as necessary actions to reduce flood hazard risks in Park County.

Other ongoing studies related to the 2022 flood event include a levee breach analysis for the City of Livingston
to evaluate potential impacts and costs associated with levee breach scenarios, and FEMA floodplain map
updates along the mainstem of the Yellstone River in Park County.

1.3 The Project Team

This project work was performed by Tony Thatcher of DTM Consulting (DTM), Jeannette Blank of Montana
Freshwater Partners (MFP) and Karin Boyd of Slough Creek Consulting (SCC). Over the past 18 years, the team
has been collaborating to develop Channel Mtgm Zone maps for over 1,500 miles of channel on numerous

rivers in Montana, to provide rational and scientificadlyund tools for river management. It is the overall goal

to facilitate the understanding of rivers regarding the risks they pose to infietsire, so that those risks can be
managed and hopefully avoided. Furthermore, the project team believes the mapping supports the premise that
managing rivers as dynamic, deformable systems contributes to ecological and geomorphic resilience while
suppoting sustainable, costffective development.
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1.4 What isChannel Migration Zone Mappifig

The goal of CMZ mapping is to provide a @ffctive and scientifically based tool to assist land managers,
property owners, agency personnel, and other stakeholders in making sound land use decisions along river
corridors. Typically, projects construdtén 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 coymaguire unanticipated and

costly maintenance or modification to 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 fiver process and associated ecological function. The mapping is also intended 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 @sisted with channel movement include lateral channel migration and more
rapid channel avulsior{gure3).

Avulsion
Bendway Cutoff e 1
between 1976 - 2001 = 1976

Figure3. Typical patterns of channel migration and avulsion evaluateddklZdevelopment.

The fundamental approach ©©MZmapping is to identify the corridor area that a
stream channel or series of stream channels can be expected to occupy givena
timeframe¢ typically 100yearsbased on average annual rates of movemdittis is
defined by first mapping historic channel locations to defineltigtoric Migration
Zone, otHMZ Figure3). Using those mapped banklines, migration distances are
measuredbetween suites of air photo® generate amnigration vectordataset that is
exported fromthe GIS projector analysis Themeasurementare evaluated
statistically to determinenean migration rates for any given river segment (reach).
Themeanrates arethen extended to the life of th&CMZ which in this case is 100
years. This 106gear mean migration distance defines the Erosion Buffer, which is added to the modern bankline
to define the Erosion Hazard Arear EHA

Note: The word
G%2ySé Aa
the context of
Channel Migration

ZoneMapping and
does not relate to
regulatory zoning.

Although he mean migration rate ihe mostcommonly usedo develop the EHA, there may babstantial

data outliers, unique physical or hydrologic conditions, or intended tsgsvould warrant using a different
statistic to capture a wider range of potential risk (e.g" @@rcentile value). These more conservative values
are provided in this report in the event a user would like to adopt a wider EHA buffer at any given site.

Yellowstone River in Park Cou@yannel Migration Mapping Update Septemberl2, 2024
5



Channel migration rates are affected by geomorphiltiencessuch as geology, channel type, stream size,
sediment volume, sediment siz#ow patterns, slope, bank materials, and land user example, @ unconfined
meandering channel with high sediment loads would have higher migration rates than a geologically confined
channel flowing through bedrock canyonThis is why the EHA buffers are developed at a reach scale, as it best
addressesatural variability To that endihe study area has been segnted into a series of reaches that are
geomorphically similar and can be characterized by average migration Reash breaks can be defined by
changes in flow or sediment loads at tributary confluences, changes in geologic confinement, or changes in
stream pattern.In Park Countygachesare on the ordeiof two to twelve miles longWithin 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
channel formation on the floodplaifhis would include meander cores prone to cut&ifjre3), historic side
channels that may reactivate, and areas where the modern channel is perched above its flooApildgions

can also occur due to channel blockages (ice, landslides, or debris), however those events are rare and
impossible to predict.

Additionally, for this study, a generalized geotechnical setback area was developed for areas with over
steepened banks due to the 2022 flooding. A 2:1 slope was defined from thecB@88el outer banklines to
reflect the likelihood of the bank laying back and assuming a more natural angle of repose. This geotechnical
setback is overlain on the final CMZ mapping to highlight at risksafdate that this geotechnical assessment is
not intended to replace sitspecific assessment of materials and stability, but rather is intended to highlight
areas that may need additional attention due to bankline adjustments in response to channelionigrat

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

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

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

1 Awvulsion Hazard Zone (AHZJoodplain areas geomarphically susceptible to abrupt channel relocation.

1 Restricted Migration Area (RMA)reas of CMZ isolated from the current river channel by constructed
bank and floodplain protection features. The RMA has been referred to in other studies as the DMA
Disconnected Migration Area.

The individual map units comprising thd1Zare as follows:
CMZ= HMZ + EHA + AHZ

The Rappe and Abbe (2003) guidance for CMZ mapping includes the removal of the RMA from the CMZ such
GKFG FNBFa GKFG FNB ay2 t2y3aSNI I O0OSaarofsSé o0& GKS
identifying those areas that have become resed due to human activities like levee building or bank armoring
provides insight as to the extent of overall encroachment into the CMZ and highlights potential restoration sites
where there may be opportunity for floodplain reconnection or CMZ restonatilh is also important to note

that these restricted areas are not protected by{aibof treatments. There are numerous examples of bank
armor failure along the Yellowstone River in Park County that serve as a reminder that properties within the

Yellowstone River in Park Cou@yannel Migration Mapping Update Septemberl2, 2024
6



mapped CMZ will continue to have some level of risk despite efforts to control channel movement with bank
stabilization treatments. For this reason, the areas of the natural CMZ that have become isolated are contained

,,,,,

within the overall CMZ boundary andhKf A 3 KGiSR | & GNBAUNAROGSRE GAGKAY (K

Each map unit listed above is individually identified on the maps to show the basis for including any given area in
the CMZfootprint (Figure4).

Bank e
pank AT
Stabilization ’O‘MQ:;" CMZ Boundary
oo
X

o%e!
o%e!
'd

& s \

Stabilization
EHA CMZ Boundary reat EHA

Figure4. Channel Migration Zone mapping units.

Although the basic concept for CMZ mapping efforts is largely the same throughout the country, different
approaches to defining and presenting CMZ boundaries are used depending on specific needs and situations.
These differences in assessment techniqueslmadriven by the channel type, different project scales, the type

and quality of supporting informatiorthe intended use of the mapping, etc. For this study, the CMZ is defined

as a composite area made up of the existing channel, the collective fooghmmapped historic channel

locations shown in the 1948, 1999, 2011, 2015, 2021, and 2023 imagery (HMZ), and an EklBateat on

reachscale average migration rates. Areas beyond the Erosion Buffer that pose risks of channel avulsion are
identified as Avulsion Hazard Areas or AHZ. This approach generally falls into the minimum standards of practice
for Reach Scale, Modate to High Level of Effort mapping studies as defined by the Washington Department of
EcologyWww.ecy.wa.goy.

1.5 Relative Levels of Risk

The natural processes of streambank migration and channel avulsion both create risk to properties within
stream corridors. Although the sispecific probability of any area experiencing either migration or an avulsion
during the next century has not beguantified, the characteristics of each type of channel movement allow
some relative comparison of the type and magnitude of their risk. In general, the EHA delineates areas that have
a demonstrable risk of channel occupation due to channel migrationtbeemext 100 years. Such bank erosion
can occur across a wide range of flows, and the risk of erosion into this map unit is relatively high. In contrast,
avulsions tend to be a floedriven process; the AHZ delineates areas where conditions may suppavuésion,
although the likelihood of such an event is highly variable between sites and typically depends ondédwits

jams, landslides, or ice jamsarge, long duration floods have the potential to drive extensive avulsions, even
after decades of nguch events. During the spring of 2011, for example, the Musselshell River flood drove 59
avulsions in three weeks, carving 9 miles of new channel while abandoning about 37 miles of old river channel
(Boyd et al, 2012).
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1.6 Uncertainty

The adoption of a 10@ear period to define the migration corridor on a dynamic stream channel requires the
acceptance of a certain amount of uncertainty regarding those discrete corridor boundéglr (1999) noted
the following with respect to predicting channel migration:

Xdzy OSNIF Ay deée Aa 3N ihéaherfghdh fe ghart timéfrdrBe foF NI Y S a ®
which uncertainty is much reduced may be useless for floodplain management because of the
minimal erosion expected to occur.

TheYellowstoneRivershows historic patterns of lateral migration and avulsitotally within acomplex mix of
geomorphic settings, includirgroad floodplais with anetwork of historic channe]siigh and low alluvial
terraces, and confined canyon®Vith potential contributing factors such as woody debris jamming, sediment
slugs, landslides, or ice jams, dramatic change could potentially occur virtually anywkiegestream corridor

or adjacent floodplainAs the goal of this mapping effort is to hiigint those areas most prone to either
migration or avulsion based on specific criteria, there is clearly the potential for changes in the river corridor
that do not meet those criteria and thus are not predicted as high risk

' YOSNIiFAyde fa2 adSya FTNRBY GKS 23Sy SNasprediciediiturer Y i K
migration is based on an assessment of historic channel behaviodrivers of channel migration over the past
72yearsq the span 6 the historic imagery are assumed to be relatively consistever the next centurylf
conditionschange significantly, uncertainty regarding the proposed boundaries will incréasse conditions

include system hydrologgediment delivery rateglimate,valley morphologyriparian vegetation densities and

extents, and channel stabilitBank armor and floodplain modifications, such as bridges, dikes, lemees
structurescould also affect map boundaries

It should be noted that recent flood events on thellowstone River, throughout Montana, the United States

and globally point towards increased levels of uncertainty in terms of climate and the resulting hydrology, and

the impacts associated with seemingly extreme, yet frequent events. Given this uinteead noting recent
flood-related damages, it may be time to adopt more conservative approaches to living with river systems such

Fa a0SLIAY3I ol O1 FNRY (GKS NAGSNN& SR3IS yR ftft26Ay3

1.7 PotentielChannel MigrationZoneApplications

CMZ mapping is intended to support a range of applications, but the mapping should be primarily viewed as a
tool to support informed management decisions throughout a river corridor. Potential applications for the CMZ
maps include the following:

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

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

w Strategically place new infrastructure to minimize impacts on channel process and associated ecological
function.

w Develop river corridor best management practices

w ldentify CMZrestoration opportunities in support of system resilience.
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8



w Improvethe understanding of the risks and benefits of channel movement

w Facilitate productive discussion between regulatory, planning, and development interests active within
the river corridor

w Help communities and developers integrate dynamic river corridors into land use planning

w Assist longerm residents irconveying their experiences of river process and associated risk to
newcomers

w Develop project priorities, timelines, and funding mechanisms.

Note:

The CMZ mapping developed in this study was developed without any explicit intent of either providing
regulatory boundaries or overriding sigpecific assessments. Any future use of the maps as a regulatory tool
should include a careful review of the mampcriteria to ensure that the approach used is appropriate for that
application.

1.8 OtherRiverHazards

The CMZ maps identify areas where river erosion can be expected to occur 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 are other siificant hazards associated with rivers like the Yellowstone River.

1.8.1 Flooding
TheCMZ maps daot delineate areas prone to floodinghe difference between mapped flood boundar({es.
FEMA floodplain mapgihd CMZboundaries can be substantiéth cases where the floodplain is broad and low,
the CMZtends to be narrower than the flood corridor (left schematickigure5). In contrast, where erodible
terrace units bound the river corridor, theMZ is commonly wider than the floodplain, because the terraces
may be high enough tescapeflooding, but notresistant enough to avoidrosion (right schematic oRigureb).
This is a common problem in Montana because of the extent of high glacial terraces that are above base flood
elevations, but not erosionesistant.

BEDROCK BEDROCK

Figure5. Schematic comparisons between @nd flood mapping boundaries (Washington Department of Ecology).
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Figure6 andFigure7 show a National Park Service housing structure on the Yellowstone River in Gardiner,
Montana that was undermined during the 2022 flood. This has been a chronic problem in river management, as
landowners assume that if their home is beyond the mapped fi&id margin, it is safe from all river hazards.

In 2005, after experiencing massive flood damages in St. George,Ritjane@), several property owners

reflected on this issue (www.Utahfloodrelief.com):

We knew the river was thergVe were 3 feet above the 18@ar flood plain and made sure we were
well above the flood gin. It was surveyed and the engineers told us where we had to put it and no, we
R2y Qi KIFI @S Ff22R Ay adzNI y 0§ to2didblrsg 8s fof dnytimg.2 F Ay a dzNJ y

Our property was not located within the 59@ar flood plain or was it adjacent to The river simply
took a new route that went right through oproperty.

I knew we were in big troubl&he river was raging and making a sh&®j turn right behind our
home.Our property seemed to take the full force of theer turning against the bank.arge chunks of
earth were baig swallowed up into the rive¥We watched 20 feet erode in less tharo hours.We
knew if it continued athat pace, we'd lose our hous@ur contractor contacted an excavation
company early that morning, but they said theresweothing they could do for ud/e were also
informed that our contctor's insurance was not covered for floods.

Figure6. A National Park Service housing structure in Livingston, MT shown moments before falling into the Yellowstone River on June
13, 2022 (Gina Riquier / NPS).
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Figure?7. The same structuré shown floating downstream before eventually breaking wmd depositing significant piles of debris on
downstream properties(Gina Riquier / NPS

Figure8. Photos from a2005 flood event in Saint George Utah, where homes several feet above the mapped floodplain were
destroyed by channel migration (originally sourced from Utahfloodrelief.com).
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An example floodplain mafor the City of Livingston is shown Figure9. The floodplain boudariescover much

of the valley bottom, and the regulatory floodway, which is crosshatched in red, identifies the area of river and
FR2FOSyid ftFyR FINBlFra GKFG aYvYdzad 6S NBASNBSR Ay 2NRSN
the water surfacee S@I GA 2y Y2NB (KIFy I RSaEayhnii&Rre kpondtfeioct 0 6 &
prohibiting encroachments including fill and new construction in floodway areas unless hydrologic and hydraulic
analyses show that it will not increase flood levels in the commufiibee combined risksf flooding and

channel migration onhe YellowstoneRivershould bothbe consideredhreats to human health and safety.
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1.8.2 Ice Jams
Another serious river hazard, especially in Montana, is ice jammwer4,559 ice jams have been recorded in
Montanasince 1894which is the mosin the United Stags (CRREL Ice Jam Datapasith 219jamslocated on
the Yellowstone RiveAlthough te jams are most common Montana during~ebruary and Mich, ice jam
flooding has happened on théellowstone Rer as early as Novemband as late as Mayce cams can cause
flooding upstream due to backwatering, and downstream of the, jaanchunks mobilized by breakups can
cause damageBreakups can occur rapidly, and it generally takes water that is almost two to three times the

thickness of the ice to mobilize the jammed.it@ jams can also cause avulsions by entirely blocking channels
and forcing flows onto the floodplain.
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FigurelO. Yellowstone River ice jam near Mill Creek, January 2024 (Livingston Enterprise).

1.8.3 Landslides
The Yellowstone River in Park County is bounded in several areas by mapped historic landslides. Though no
recent slide activity has impacted the river corridor, the potential for landslides is real if the conditions are
appropriate. If any of these areabould fail, there is potential for either deflection of the river channel or
damming of the river in the most severe case. The Yellowstone region is also known for earthquake risk.
Earthquake activity, when combined with landslide potential can best@tghic, as witnessed by the 1959
Hebgen Lake earthquake which triggered a massive landslide and formed Earthquake Lake, nearby, on the
Madison River. That said, even relatively small hillslope failures can deflect stream courses and create hazards
that may exceed the boundaries of the mapped CMZ.
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1.9 Disclaimer and Limitations
The boundaries developed on the CMZ mapping are intended to provide a basic screening tool to
help guide and support management decisions within the mapped stream corridor and were not
developed with the explicit intent of providing regulatory boundarresverriding sitespecific
assessments. The criteria for developing the boundaries are based on reach scale conditions and
average historic rates of change. The boundaries can support river management efforts, but in
any application, it is critical that ess thoroughly understand the process of the CMZ
development and its associated limitations.

Primary limitations of this reaebcale mapping approach include a potential underestimation of
migration rates in discrete areas that are eroding especially rapidly, which could result in
migration beyond the mapped G\boundary.Additionally, sitespecific variability in alluvial
deposits may affect rates of channel movemdmapping errors introduced by the horizontal
accuracy of the imagery, digitizing accuracy, and air photo interpretation may also introduce
small errors in the migration rate calculatis.Future shifts in system hydrology, climate,
sediment transport, riparian corridor health, land use, or channel stability would also affect the
accuracy of results, as these boundaries reflect the extrapolation of historic channel behavior
into the future.As such, we recommend that these maps be supplemented kspsitdic
assessment where nesgrm migration rates and/or site geology create anomalies in the reach
averaging approach, and that the mapping be revisited in the event that controllingnices
change dramaticallyA sitespecific assessment would include a thorough analysis of site
geomorphology, including a more detailed assessment of bank material erodibility, both within
the bank and in adjacent floodplain areas, consideration of the site location with respect to
channel planform and hillslope conditions, evaluation of influences such as vegeatatiohy

bank armor,and land use on channel migration, and an analysis of thespieific potential for
channel blockage or perching thaay drive an avulsion.
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2 Physical Setting

The following section contains a general description of the geographic, hydrologic, and geologic influences in the
project area, to highlight how those influences affect stream corridor morphology. The size and shape of the
river bottoms are largely conttled by project area geology and alluvial deposition, creating a high degree of
variability in stream corridor width. Human development, including extensive river corridor transportation
infrastructure and floodplain development, is superimposed on thatired variability to create channel

migration corridors that range from largely unconfined to virtually locked in place.

2.1 Geography

The headwaters of the Yellowstone River are on the Yellowstone Plateau within Yellowstone National Park,
about 85 miles south of Gardindfiurell). The Yellowstone Plateau averages about 8,000 feet in elevation
with some mountains reaching over 12,000 feet. The upper Yellowstone River above the Park/Sweet Grass
County line near Springdale has a watershed area of approximately 4,716 square thil@senarge

contributing watershed of the Shields River that is 853 square miles in size.

As the Yellowstone River flows northward out of Yellowstone National Park and into the project area, it flows
through a moderately confined valley from Gardiner to Yankee Jim CaRigung12). As the river exits the

canyon, it enters the Paradise Valley, an approxima6éignile-longnorth-south trending valley that is bound

by high mountains of the Absaroka Range on the east and the Gallatin Range on theigegsll@). The

highest peak near the valley is Mount Cowan which reaches 11,212 feet in elevation. The Paradise Valley ends
FONXzLIGE & ySIENI/FNISNRa . NAR3ISE gKSNBE I 0SRNRO] O2vya
Below Livingston, the rivemdngs to the east and past the Shields River confluence to Springdale which is near

the Park/Sweet Grass County line. The complex watershed geography includes snowcapped peaks, steep
mountain tributary streams, confined canyons and broad alluvial valleys.

2.2 Geology andseomorphology

The character of the Yellowstone River dischost valley is strongly controlled by local geology. In the
uppermost project area near Gardiner, glacial deposits form high terraces adjacent to the river that underlie
much of the town of GardineiF{gurel3andFigurel4). About 14 miles downstream, Yankee Jim Canyon forms
a tight constriction through Archeasge gneissic rocks that create a steep channel with rapids that are a
popular recreational floatKigurels).

As the river exits Yankee Jim Canyon, it enters a broad alluvial valley, the upstream half of which was overrun by
the Northern Yellowstone Glacier; a Pinedatge (20,000L5,000 years ago) feature that flowed from the
Yellowstone Plateau ice sheet for alt@0 miles into the Yellowstone River vall&ygirel6). The ice was over

2,000 feet thick and extended downstream to the Eightmile terminal moraines, which are near Mill Creek and
Chico Hot Springs (Pierce, 1979). Several tributary glaciers joined the much larger ice flow.

The glacial imprint on the Yellowstone Rivalley imparts a strong influence on river behavior. From Yankee

Jim Canyon to Mill Creek, the valley was under ice and thus did not receive high volumes of glacial outwash
gravels. In this section, the width of the river corridor varies substantiallysmatl stream segments, and

relatively low floodplain surfaces are commdtigurel7). Below Mill Creek, conditions change dramatically as
large braided stream outwash channels drained the glacier, creating high gravel terraces that border the stream
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Figurel2. Major geographic features of project area.
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Figurel3. Simplified geologic map of the project area.

Yellowstone River in Park Cou@yannel Migration Mapping Update Septemberl2, 2024
18



P &0 - - - -

- 3 _
Figurel5. View upstream of bedrock geology of Yankee Jim Canyon (Montana Angler).
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Figurel6. Map showing ice cover in the Yellowstone Region during the Pinedale and Bull Lake Glaciations. Blue lines are contours in
thousands of feet showing the reconstructed ice surface. The Yellowstone River valley nbfardiner is highlighted inhe black
circle (USGS).
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Figurel?7. View downstream from 2 miles upstream of Emigrant Bridge showing active narrow corridor in foreground widening out to
an approximate 1/2 mile wide riparian corridor; note low adjacent floodplain surfaces; Sixmile Creek is on right of phosiréiKe
Aerial Services).

»

Figurel8. High eroding outwash terrace against river at the Weeping Wall below Pine Creek (Kestral Aerial Services),
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sedimentary rocks form a valley bottom constrictidiigurel9). This is known as Allenspur Gap, which is a

notch carved through a limestone and sandstone ridge that runs perpendicular to the river. Within this notch,

the river bottom is 1,000 to 1,800 feet wide, so that the river is not entirely confined. Inthée € mMdpT N Qa =
was proposed for Allenspur Canyon but was ultimately defeated largely due to local resistance. Allenspur Dam

gl a LINRPLRASR a | oynm¥22G dFrftf RIY 6AGK + wpnZInnn
Valley up to 30 mile upstream.

i
- m*’x

Figure19® +ASs R26yaGNBIY &aK2gAy3I !t Sy aLldzNIplibto cénter &edA LAetial Seiged)li NA O

From AllenspuGapto the mouth of the Shields River, the town of Livingston has expanded on both sides of the
river resulting in a highly developed river segment. Bank armor is extensive. Below the Shields River the stream
corridor widens with long muklihread channel sgments supporting broad riparian fores&gure20).

o e

Figure20. Wide active stream cordor below Shields River confluence (Kestral Aef$arvice}.
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2.3 Flood History

Park Countgits near the headwaters of the Yellowstone River and maintains a The floods

natural spring snowmelt hydrograph, typically peal'<|ng '|n-dude. There have described as Q10,

been seven 1@ear or greater flood events on the river in the past 28 years. For 050, and Q100

many decades the peak fload record was the event of 1918, when the river Rk I

peaked at about 30,000 cfs in early June. No additional major floods occurred 0 amensik NJ ¥

1971, when flows exceeded a-§8ar event Figure21). have a 10%, 2%,
and 1% probability

Major geomorphic work was done on the river in 1996 and 1997 when sequentigilgTRs eI s s K1 =13\
years of heavy snowmelt runoff created two-£&ar plus flood events in early June
These floods were followed by a rash of 310 permits to armor banklines through
project reah. The spring of 2011 saw an even larger event that was just over a
year flood at Corwin Springs. This was a systéte event that caused a major oil pipeline rupture
downstream near Laurel.

given year,
respectively.
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In late May and early June of 2022, an atmospheric river that had soaked the Pacific northwest dropped several
inches of rain in southern Montana and northern Wyoming. The rainfall event coincided with a warm spell that
sped up snowmelt. The AbsarokadaBeartooth Ranges received up to 5 inches of rain, which was combined

with up to an additional 5 additional inches of snowmelt coming off saturated soils (nhasa.gov). On Monday, June
13, 2022, the stage of the Yellowstone River at Corwin Springs rogéy/rapaching a record elevation that was

about 2.5 feet higher than the previous record which was set in 1918. The peak discharge at Corwin Springs was
estimated by the USGS to be 54,700 cfs.

The flooding was extensive. Yellowstone National Park was closed on June 13 and over 10,000 visitors were
evacuated due to safety concerridqure22).
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Figure22. 2022 flood destruction of the Highway 89 North Entrance Road to Yellowstone National Park on the Gardner River, which
joins the Yellowstone River at Gardiner.

Although the 2022 event was extreme, it was also short, with flows exceeding 30,000 cfs for about a day.
Whereas the instantaneous peak on July 13 was 54,700 cfs, the mean daily flow value on that day was 47,200
cfs. Figure23shows mean daily flow hydrographs at Corwin Springalftine major floods since 1971, the very

sharp rise and fall of flows during 2022 was extremely unusual as can be seen by the shapes of the hydrographs.

Yellowstone River Major Flood Events
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Figure23. Spring snowmelt hydrographs for major floods on at Corwin Springs. Flows are mean daily values; note short duration of
2022 flood.
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The short duration of the 2022 flood made it a different type of event than the previous floods sh&iguie

23. While the magnitude of the flood event is important for evaluating rates of channel change, it is also
important to put theduration of the events into perspectivEigure24). For example, a 2ear flood that lasts

for weeksmay result in more geomorphic changes than a more extreme but short duration event that may
primarily cause flood damage. In 2011, a thvesek runoff event on the Musselshell River resulted in 59
avulsions and 37 mile shortening of the river, completlgnging its geomorphic form (width, slope, pattern).

In 1997, the Yellowstone River stayed above 20,000 cfs on the Corwin Springs USGS gage for almost three
weeks, causing extensive bank erosion and channel movement. The June 2022 event peikebtejore
dropping back down, only exceeding a mean daily flow of 20,000 cfs for 3 days. Bank erosion was common, but
a longer duration flood would have created much more damage. That said, the rapidly rising flows created
extensive floodplain damageud to high volumes of wood and sediment entering in the ritgyre25 to
Figure27). That material will continue to be reworked in coming years, creating a potentially long adjustment
period post2022.

Yellowstone River at Corwin Springs

Days >20000 cfs
o 25
© 20
§ 20 17
8- 16 16
~ 15
w
=
a
Q 10
[}
-g 5 3
£
=3
2, [ ]
1918 1974 1996 1997 2022
Year

Figure24. Numberof days mean daily flows exceeded 20,000 cfs at Corwin Springs for major flood events.
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Figure25. Woody debris removal from Yellowstone Rivioodplain following 2022 flood (Kestrel Aerial Services).

Figure26. High terrace erosion at Mallards Rest that threatened the acaessl behind the photographer and resulted in closure.

Figure27. Miles of fencing were destroyeduring the 2022 flood.
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