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Executive Summary
Ly GKS Flrtf 2F wnmyI GKS adzaaStakStf wAaA@BSNI!aasSaa
flooding the previous spring to evaluate a series of sites between Two DovanBdek Reservoir. This
F2f{f26SR GKS w! ¢ ¢ QA& OIA flobdi knledch efi@tNie tean2Visite@ lanlofidrs orkK S H
their properties to evaluate specific issues afisicuss potential optionfor postflood rehabilitation
measures. Eachrdowner was provided a siteport that summarized sitespecific issueand
recommended treatmentsvhile providing some context as to broader flooelated processes on the
river.

During the 2018 site visits, a common theme was severe bank erosiomtpatied pump sites, road
crossings, field acreages, canals etc. Thisltod rapid channel movement is a direct response to the
2011 flood, as the river is essentially regaining the length lost during that period of tremendous change.
In 2011, 59 avuisns (channel relocations) abandoned 36.9 miles of river, shorteninguwleby about

10%. These avulsions ranged from 280 feet to 2.6 miles long, and wemistgiuted from Harlowton

to Fort Peck, with the longest occurring below Mosby. As tle sliortened, it became over

steepened, which resulted in extensikank eosion, downcuttingand relengthening in 2018. The
sediment added to the river added erosion pressure as point bars grew. In 2018, there were some
additional avulsions, so theothd was characterized by both lengthening through bank erosion but also
some shortening.

The 2011, 2014, and 2018 floods have collectively exerted the strongest cumulative geomorphic force
on the river since recordkeeping began at Mosby in 1929. Histbennel straightening, and riparian

Of S NARy 3 02 Y LR dzgrikéStiRthedeiGodsNAs@ Eeblt, this NBrédslexperienced a shift
in overall morphology, and is currently in a period of continued change anetdomgrecovery.

This poses unige challenges to the Musselshell Watershed community in that channelHenigig and
associated energy dissipation (slower water) are important aspects of 2011 flood recovery. Lengthening
should be allowed or encouraged where possible, otherwise armiiojigcts on the steep channel will
become costlier and more prone to faituor damage, and severe bank erosion will continue on

unarmored banks for decades. Financial and ecological consequences would be high. As a result, our
approach has focused on adag locking the channel into place where possible while recognizing that
strategic armor placement is an important tool in maintaining infrastructure such as roads, pump sites,
residences, and diversion dams. As an alternative to bank armoring, opp@suo promote natural
recovery and reduce istream powerare described
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1 Introduction

This report isntended to build upon the original RATT report completed in 2012 (Bowd,, &012).

The first report was completed after an evaluation of 2@bbd impacts and includecklatively detailed
summarief Musselshell Rivegeomorphology, riparian vegetation, fisheries, 2011 flood impacts, and
restoration opportunities. The 2012 report also describes project monitoring strategies, water rights
consderations, and specifigprograms to assist with flood recovery. For that level of detail, vier tae
readerto the 2012 document

This document focuses on how more recent floods have continued to affect the river, and how the
changes observed in regeyears fit in with the longerm trajectory of the MusselshellThe report is
divided into the following eight chapters and two Apjéces

Chapter 1 Introduction

Chapter 2 General Location ance8ing

Chapter 3 Human Influences on Stream Function

Chapter4: Flood History

Chapter5: Observations from the 2018 RATT site visits
Chapter6: Geomorphic Evolution of thielusselshell River
Chapter7: Restoration Opportunities and Recommendations
Chapter8: Summary and Discussion

AppendixA: Bank ArmoiSupplement

Appendix B Glossary of Terms
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1.1 Previous Efforts Related to RAT T Work

Since thenitial 2012 RATT report was completed, several additional projects have supported and
expanded uporour work. A brief summary of the projects that are most redev to the RATT work is
provided below

1.1.1 Summary of the 2011 RAT T Findings (2012)

In thefall of 2011the RATT visited 43 flood impacted sites ai
provided individual site reports to each landowner that Report
requested our input.This was followed by aummay report July 17, 2012
that broadly describesystemwide impacts ofthe 2011 flood
(Boyd, etal., 2012) Major pointsfrom that document include
the following:

I The 2011 Musselshell River flood was reeorelaking
in terms of both the magnitude of the event, and the
length of time that flood stage was exceeded;
9 The flood caused 59 avulsions, which abandoned
almost 37 miés of channel;
1 Avulsions created just over nine miles of new channg S
1 The river was shortened by 8% between Fort Peck e
Reservoir and Martinsdale; Prparsdto o
1 The mossevere shortening was in the lowermost 89 Mmf::;::mm Mm:nm
miles of river, below Flatwillow Creek; ST T
f In places, the river migrated several hundreds of feet @wj:::__ i
during the flood, causing massive erosion, and
sedimentdeposition/delivery downstream;
1 A total of 31 breachethrough the railroad graded were mapped on pdktod air photos;
I Severaktrosschanneldiversion structures were
flanked or abandoned;
1 Dozens of irrigation pumps were abandoned;
1 Floodplain deposition was several feet thick in som
areas, commonly in aguultural fields;
1 Vast carpets of cottonwood and willow seedlings
were establishedn newly deposited sedimettty
the flood; and,
i Effective rehabilitation strategies can address both
shortterm needs as well as the longerm
processes of system recovery.

— o = - -— . . — = = B -
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1.1.2 LiDAR Data Collection (2012)

In 2012 the Natural Resource Conservation Service Relative Elevation Model (REM)
contracted out the collection of LiDAR data for the ALl
Musselshell River corridor. The deliverable for this work
included meter bare earth grids of the entire river
corridor. Theselata have been used extensively in this
assessment to evaluate topographic conditions at RAT
sites in 2012. Longitudinal profiles were pulled to evalud
topographic discontinuities across avulsion paths.
Hillshade representations of the data providenaansof
visualizing topographic subtleties, and the creation of a
Relative Elevation Model (REM) allows the representatid
of relative elevations as a color ramp, with blue colors
reflecting elevations approximating that of the river and
progressively wamer ekvations depicting higher ground.

Sy, M Low:-24.9553

1.1.3 Best Management Practices (2013)

In thefall of 2013, members of the RATEleated a series of
Best Management Practices related to flood damages and
conservation opportunities on the rivéBoyd, Kellogg, and
Pick, 2013) These BMPs can be accessed through the Lowg appticabitity

. . . The igation Pump Best Practices ("BMPs") are a series of recommended
Musselshell Conservation District. Strategies related i iigation pump operations that have been deveioped by the RATT ieam following
site visits with producers in 2011 and 2013. The BMPs are intended to support the long-term
functionality of pump sites on the Musselshell River, considering issues of pump site location, function,
- - - and portability. The information is based upon the discussions with producers on-site regarding their
BMPs were created for thi@llowingissues on the river cxperiences ciaing anc Sollowing the 2011 flaod. The nformetionis itencd fo producers i th rver
comidor who currently irrigate with pumps, or for those who are considering converting to pump sites
from other methods such as diversion dams. Prior to
1. Avulsions:this BMPsummarize recommended making any changes to exating operations, however,
—_— it is critical to recognize that modifications to existing
diversions or pump site locations require 3 water

approaches to managing abandoned channels WIthil] e spiceton msshortesdion rocess aith he

Montana Department of Matural Resources and

Musselshell BMFs 1

Irrigation Pumps

the Musselshell Rivetream corridor. The Cansarvation Lawistown Regionsl Offce.
information is based upon the esite evaluation of S o BPeretect the opisncesot
floodplain features and discussionith producers s Nesprecm——tpp st doma

Site Selection: Consideration of site Photo Credit: Karin Boyd.

This BMRs intended for producers and residents Wha *  eeiic when e o,

including channel stability, water depths, and power availability.

al’e I|V|ng or farming in areaS Where abandoned 1. ing Water Depth at Pump: Applying to achieve water depths necessary to
maintain pump function
channel segments exist. . Permanent ve Portable: Bensfis o poratiity o Fexisiiy incerisn ocations
\'8 ing fish ir Pump consi ions for screens to reduce fish entrzinment into the

2. Chanrel Maintenance this BMP dfers recommended |, imstemasen _ _
A rmitting: D what permits are y for pump site work.
strategies for activities that include debris and
. . . Ly . . Selecting a Pump Site
sediment remowal and pIaC|ng fill within the active Ideally, pump sites will be located where the site is stable, where water depths are sufficient for

pumping, and where the required power source is readily ovailable.

river channel. The BMP was developed fOlIOWING ViS| s sy s seen s sgniant probierm for bselshel ives iigators since 2011 fooding coused

. . . widespread bank instability. During the flood, dozens of sites were eroded out or abandoned by
with producers in 2011 and 2013. Practical and R ————— e ot s o ayapesives
regulatay considerations are provided, as well. The| yoeeer fomes L o 20
information is for use by producers who anticipate or|

By Karin Boyd, Warren Kellogg, and Tom Pick
are congilering channel maintenance work and for
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Conservation Districts responsible for issuing 310 permits.

3. Agricultural Field RecoveryMany fields were bried by sediment during the spring of 2011. A
BMP was thuseleloped torestorethe sustained productivitpf crop fields on the Musselshell
River, considering issues of sediment deposition by floodwater, the deuttexture of such
deposits, the maghiide and location of field erosion features, weed control, and restoration
costs. The information presenteslbased on the field evaluation of multiple flood affected sites
and discussions with producers. The information is intended for use by landyeraria the
river corridor who have experienced field damage from deposition of sediment, scour, and/or
soilerosion.

4. Floodplain Dikes As described previously, the 2011 flood damaged floodplain dikes. This BMP
provides recommendation®r placing, repaing, or removing floodplain dikes to support the
longterm functionality of the Musselshell River floodplahile protecting infrastructure as
necessary. The recommendations are based upon field site reviews and discussions with local
stakeholders andra intended for producers and residents who currently farm or maintain
infrastructure in areas prone to floaay. In generahowever,further isolation of the
Musselshell River floodplaimasstrongly discouraged due to the role of the floodplain in
dissipatng flood energystoring water in the shallow aquifeaind contributing to river stability.

5. lIrrigation Divergons. The diversion structure BMfeviews the major types of irrigation
diversion structures found on the Musselshell River and similar rivéieiriana. Orsite
observations of irrigation diversion structures and discussions with Musselshell Rieer wat
users are the basis f@MP recommendations

6. Irrigation Pumps a series of recommended strategies related to irrigation pump operations
weredeveloped by the RATT team following site visits with producers in 2011 and 2013. The
BMPs are intended to support the lotigrm functionality of pump sites on the Musselshell
River, considering issues of pump site location, function, and portability.information is
based upon the discussions with producerssite regarding their experiences during and
following the 2011 flood. The information is intended for producers in the river corridor who
currently irrigate with pumps, or for those who arensidering converting to pump sites from
other water withdrawalmethods such as diversion dams.

7. Noxious Weed ControlTheBMP for weed contratonsiders issues of noxious weed species
adaptation, the role of disturbance, and environmental and regulatesyrictions. This
information is intended for producers in the river corridor where disturbance (flooding or
humancaused) has altered channeadgetation or distributed fresh sediment in the floodplain.
Canada thistleGirsium arvengefield bindweed Cavolvulus arvensisleafy spurge Euphorbia
esulg, spotted knapweedCentaurea spp. paltcedar Tamarix chinensjsand Russian olive
(Elaeagnus angustifolifare noxious weeds commonly associated with disturbance in the
floodplain. Producers affected iipoding are encouraged to developste-specificweed
management plan.

8. Pipeline CrossingsThisBMPfocuses primarily on irrigation wateigelinesand siphondut
does include some criteria on permitting oil/gas pipeline crossingssit@mbservatios of
irrigation pipelinésiphon crossings and discussions with Musselshell River water users are the
basis for much of the information.

June 2019



Page |7 Musselshell River RATT Il

9. Riparian Protections The overall objective of thRiparian Protectiomecommendations is to
capitalize on the remarl@e riparian response to the 2011 flooding, because in systems like the
Musselshell, these events are exceedingly rare. The informationeésl lg®n the evaluation of
riparian trends and discussions with producerssitie and is intended for producers @n
residents who manage properties where the flood resulted in colonization of native woody
riparian vegetation, primarily willows and cottonwd®.

10. River Crossing} This Best Management Practice (BMP) reviews the primary types of river
crossings found othe Musselshell River. Guite observations of river crossings and discussions
with Musselshell River water users are the basis for the métion that follows.

A list ofproject permitting contacts was provided with the BMPs

1.1.4 Watershed Planning (2014)
During the fall of 2014, a series of public stakeholder meetings Final Report
were held throughout the Musselshell River corridor to solicit i
input from local producers, agency representatives, governmen
officials, water user associations and others regarding wate By Y
resource managementelated project needs and opportunities p
within the basin (BoydThdcher, and Kellogg?015). Preparation
for those meetings included the creation of maps showing
available data plotted, project forms designed to feed into a
project planning databas ard presentation materials to engage
stakeholders and describe the planning process. Approximatel
100 people attended the six meetings which were held over a
two-day period.

The result of the meetings was a list of 58 project concepts with
varying anounts of supporting information. Projects concepts
were submitted by a wide range of attendees, including local
producers as well as other stakeholders affiliated with various organizations and agencies. Once the
projects were submitted as general coptg they were further developed for input into the database.

In December of 2014, the projects were presented-bgene to a Project Ranking Team, which was
assembled by the Musselshell Watershed Coalition to refine and rank proposed projects. mheasa
comprised of local water managers, Conservation District administrators and supervisors, partners from
Federal and State Agencies, and local landowners. There were a total of 13 memtiersanking
committee, two of which provided advisory capgdiut did not vote on decisions. The ranking process
consisted of the evaluation of individual projects with regard to specific resource benefit. These
benefits were then converted to scores and the overall project ranked. The ranking process also
consstedof the consolidation and trimming of projects from 58 original project concepts to 27,

including 19 engineering projects and 8 studies/outreach projects.
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Following the ranking process, another meeting was held in June of 2015 with members ofjdue Pro
Ranking Team and representatives from funding entities to develop an implementation strategy for the
27 projects. The implementation strategy includes individual project characterization in terms of
timeline, sponsor, and potential funding sources.

This & intended to be a living document that will assist the Musselshell Watershed Coalition in its
continued development and implementation of stakeholdiiven water

management efforts in the basin. /;0’;,;;”\_
R R
1.1.5 Musselshell River Hydrologic Analysis (2015) : .a’" E

Pionee Tednical Services was contracted by DNRC to develop flow
frequency calculations for a 328ile reach of the Musselshell River
(Pioneer, 2015). Flow frequency analyses were conducted to develop
peak flow estimates for the-year, 10year, 25year, 50year, 100-year,
and 500 year flood events Estimates were calculated at 49 mainstrea
locations. The results showed that in the middle and lower reaches o
the river, the flood frequency discharge estimates are much higher tha
developed in early studieslueto the inclusion of the 2011 and 2014
floods in the data analysisSince hose floods were less consequential irf ~ Musselshell River Floodplain Study —Phase 1
. i . . . . Musselshell River Hydrologic Analysis
the upper basinthe flood discharge estimatésgh in the watershed did
not significantly change previous estimates.

Montana DNRC
May 1, 2015

Pioneer Technical Services, Inc. 106 Pronghorn Trail, Bozeman Montana 59718
www.pioneer-technical.com

1.1.6 Roundup Reach Flood Mitigation: Engineering Evaluation and Cost Analysis (2016)

One of the outcomes of the 2015 Watershed Plan was a recommendation to bundle several proposed
projects in the Roundup area, to assess their value and feasibility in a

more holistic manner.Thisreport evaluates several different projects tg
mitigate flooding through the Roundup Reach and includes a full reag
hydraulic model, preliminary project engineering plans, and preliminaj
engineer cost estimates (Pioneer, 2016). The projects indlude
realignment and installation of culverts at the Number 4 Road,
improvements to the Fairgrounds Area, Meathouse Road Area
improvements, a low water crossing on thd4#Road, and removal of
the Jeffries Tipple embankment below town.

The results showed thahe Fairgrounds Area Improvements and
Meathouse Road Area Improvements would most strongly reduce

- , . .| ROUNDUP REACH FLOOD MITIGATION
flooding in the Roundup Reach. If implemented, the Fairgrounds proj{  gxgineeriNG EVALUATION & COST ANALYSIS

Musselshell Watershed Coalition and Lower Musselshell Conservation District

would also reduce the potential maintenance costs which reached
hundreds of thousandsf ddllars after the 2011 flood. The Number 4

Road Realignment and Bridge Culverts project improves access and

safety and reduces road maintenance. Road maintenance would alsg-pe s e
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floodplain flow impediment.

Since this report was written, the Tipple Embankment has been largely eroded out

1.1.7 Channel Migration Zone Mapping Pilot (2017)
In 2017, Applied Geomorpholo@ggGlland DTM _
; . - | | Musselshell River £
Consulting were contracted by Montansif Wildlife »
and parks to develop a Channel Migration Zone Mapj: '
the Musselshell River from Naderman Diversion Da
downstream to near Kilby Butte, a distance of 34.4
river miles (Boyd and Thatcher, 201The Channel
Migration Zone (CMZ) includes theapped 19532015
historic river footprint as well asrosion hazard areas |
that extend beyond that historic channel footprint
based on typical migration rate8vulsion hazard areas

are also identified in the magpng. The primary
findings of this mapping effoinclude the following:

'

A

‘t;'ﬁ L7 ——

R LN Likely Avulsion Site

1 Within the project reach the Musselshell Rive
has been affected by early 2@entury
straightening with construction of the Milwaukee Road rail line, followed by the construction o
cutoff trenches several decades later, andigportation corridor confinement.

1 Major floods have driven channel response to these impacts, including rapid bank erosion and
channel lengthening.

1 Mean migration rates from 1953015 range from 2.1 feet pegear to 3.7 feet per year on a
reach scale.

1 100year erosion buffer widths that define an Erosion Hazard Area range from 205 feet to 368
feet.

1 Awvulsions have occurred both due to floods and channel manipulation; 18 avulsions have
occurred in the project rach since 1953 and numerous additional sitescanmgently avulsion
prone.

1 Reach 2, which is located between Newd®adrazzi Dam and Kilby Butte appears the most
geomorphically stable and resilient to flooding. It could potentially be used as a reference
condition for other less stable channel segments

ke

As this mapping was completed prior to the recent floods, future mapping showdaleate
channel locations and migration rates to update areas of erosion risk.

i T — S - - - - = . =l i

June 2019



Page |10 Musselshell River RATT I

1.2 Methods

This report is intended to buildnoto the first RATT report by describing floatpacts that have

occurred since then, and to evaluate a longer history of river behavior in light of additional flooding. The
approach was similar to that of 2011, as we again visited a series ofiftquatted sites accompanied

by local agency personnahd landowners to discuss site conditions and concdfitgi(el). In total we
visited with 27 landowners toeview a total of 50 issues that were addressed in landovapecific

writeups. Those site writeups were sent to eaghdowner via email and surface mail, along with an
addendum describing bank armoring considerations.

The site reports were also providéal the local Conservation Districts. The intent here is not to describe
each site individually, but to look at rivezgponses since 2011 as more of a pattern that can help
stakeholders look at longderm evolution of the river, and thereby develop rddilitation, restoration,

and management strategies that are thoughtful and eef§éctive in this highly altered riveparidor.

Figure 1. River Assessment Triage Team (RATTpbservinga damaged pump site below Roundup.

1.3 Acknow ledgements

The RATT team is comprisedKaifrin Boyd (Applied Geomorphology, Iarren KelloggStream and
Watershed Ranning, andMike Ruggles (Montana Fish, Wildlife, and Park8e extend our sincere
thanks toLaura Nowlin an@ill Milton of MWC fotheir vision and persistence the promotion of
collaborative approaches to water management in the Musselshell Basgn. MWC wasnstrumental
in providing background inforntian and scheduling site visit€arie Hess of Petroleum County
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Conservatio District held a portion of the contract and we thank the CD for their willingness to assist
this project with fundingand contract managementThe US Army Corps of Engineers provided recent
imagery from several sites and we appreciate their h&le would alsolike to thank all of the

producers of the Musselshell River Valley wlquested our assistance, providadces to their lands

and sharedheir experiences regarding the nature of the flooding, its impacts, and associated challenges
they currenty face. Many of their quotes are in callout boxes in this report; their observations of river
process were keenWhile outwalking the riverwe were often remindedf our 2011 RATcolleague

and friend Tom Pickwvhosewisdom and humor was greatly missed this time around; we are forever
grateful to Tom for t8 dedicated contributions to our work
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2 Project Location and Gen eral Conditions
For a more detailed summary of background conditions, please refer to theRATIT Report (Boyd, et
al., 2012). This section will briefly summarize those conditions for general context.

The Musselshell River drainage consists of appraeiyn&,000 square miles of central Montarkadure

2). Elevations range from about 9,000 feet on the northern slopes of the Crazy Mountains in southern
Meagher County to approximately 2,000 feet at the river mouth in northern Ratro/Garfield

Counties. The genalrterrain includes expansive grass and shrub lands, broken and rolling foothills, and
a low density drainage network. The largest town in the area is Roundup, which is located near the
middle of the watershed in westentral Musselshell County and hagpapulation of about 2,000

people.

| Musselshell River Basin

=" 3

Figure 2. Musselshell Watershed in Montana, with assessment reach (black line) and counties labeled.

The main stem of the Musselshell River flows from thefloence of the North and South ks near
Martinsdalefor nearly 340 miles to Fort Peck Reservoir. The River Assessment Triage Team (RATT)
covered this entire extent of rivewith field sites rangingrom west of Harlowton to north of Mosby.
Tributaries to the Musselshell River weretriacluded in the project area.

T —— Ay . — T e - — i — il i e T .
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Figure3 shows a map of the overall project area and River Mile references for major points of interest
are listed inTablel.

7
J

// = ; Philly
07 S 10 Mile 2 { {48
ﬁ Musselshell River ; &
"""" ~ RATT Project Area ; )
!
l A
{ Ui PN MO UK TAINS e
e 2 20510
L._ __1L___. = A . _i Garfreldis
! F E Petroleum 30
| |
V- " 7 SN M o, O VIR 8 e
MO P! TANA

vt town

Judith Basin

% ey
Tr!‘easl{re

} L

o Vellowstone
e ark Sweet Grass

] | Stillwarer

Figure 3. River Assessment Triage Team (RATT) Project Area; 2011 river miles are shown on digitized river
centerline.

Table 1. 2011 River Mile locations of major features, Musselshell River Valley

Location 2011 Ryer Location 2011 River Mile

Mile (RM) (GLYD)

Mouth (CMR Wildlife Refuge) 0 Delphia 150.5
Lodgepole Creek 8 Roundup 181
Dovetail Creek 14 Bundy 204

Blood Creek 19.7 Lavina 219.5

Calf Creek 27.3 Careless Creek 239.2

Hwy 200 (Mosby) 56.8 Ryegate 246.2
Flatwillow Creek 65 Barber 256
Garfield/Rosebud County Lineg 76.5 Shawmut 268
North Willow Creek 76.6 Harlowton 298

Melstone 115 SouthFork Musselshell 335.9

Musselshell 140.5
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3 Major Human Influences on River Function

The history of humadevelopment in the Musselshell River corridor plays directly into its flood
response, current condition, and anticipated trajectory. Thasgor influences include floodplain
development in support of transportation and agriculture, water developmentding diversion
structures and pumps, and erosion control measures such as rigrapliscussed in subseque
sectionsthese activitiedhave contributed to the instabilities generated in recent years.

3.1.1 The Milwaukee Railroad

When the Milwaukee Road wasenstructed in the early 20Century, the Musselshell River was

dramatically altered to accommodate the railroad rigiftway. To minimizedth the length of track

and the need for bridges, the river wastensivelystraightened and shorteneldetween Melsone and

Two Dotb I O0O2NRAY3 (2 'y INIAOES Ay (G(KS . AffAy3da DI
the MusselshellRiverMalSe@ 8 > ¢2NJ SNA Y2 @SR (KS NAGZSNDa OKIyySt
project for the 2011 RATStudy, a totalof 82 meanders were mapped that are currently isolated behind

the abandoned rail lineFigure4 shows an example of several isolated channel segments a few miles

upstream (west) of Musselshelllhe Musselshell River Assessment Report (Lower Musselshell

Conservation District, 2004) describes 140 measdarshortenedr cut off from the river, indicating

that our mapping resultare conservative.

usselhell River
RM 205

——+———+— Railroad Berm

==——————m= Railroad Breach

mxwwwwml Railroad Cutoff

i T — S - - - - = . =l i
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3.1.2 Channelization/Straightening

In addition to the straightening by the railroad in the early™Dentury, the river has been shortened as
part of agricultural development as well. In looking at LIDAR data and older imagery it is clear that
SEOI @I (dxiz2yF T2 Fi NiBY/ OK S &réctice, présuntablyLidfeNdsd teldc&iethe lriver

away from fieldsKigureb).

Figure 5. Example of a cutofftrench dug by 1979 that drove an avulsion by 1995; trench is about 1,200 feet
long.

3.1.3 Bank Armor ing

Bank armoring is common on the river, especially where fixed infrastructure (bridges, pumps, canals) or
productive fields have been threatened by bank erasidlost armor consists of either flow deflectors

or rock riprap Figure6). This armoring has locally arresigthnnel migratiorand hardened the

location of the riversometimes in locations where the river has beetentionally straightened

wipreP__, A
Rrock ; // :
ol

Figure 6. Example flow deflector (left) and rock riprap (right) placed to protect infrastructure.

— e = - -— . . — = = B -
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3.1.4 Diversion Structures

Irrigation is the lifeblood ofmost agricultural operations ithe Musselshell River valleyWe mapped 23
channel spannindiversions on the rivefTablel). In2011,four of thosediversions (Newton/Pedrazzi,
Naderman, Anderson, and Egge) were visited by the RATT team as they were completely breached by
the flood. None of these structures have been rebuilt to d&igure7 shows an examle flanked dam
(Egge); the structure has since been removed anditljacentstreambank areaestored with

bioengineered bank treatmenisee Section 9.2.2 for more detail$h addition to diversiaos,irrigation

pumps are very common on the rivavith portable pumps becoming increasingly populgiglre8).

Table 2. Diversionstructures mapped below Two Dot, with 2017 status listed.

Diversion Name River Mile Status 2017 Comment

Korenco 137.4 | Intact Downgream of Delphia Melstone
Siphon

Musselshell 140.2 | Intact At Musselshell

Delphia 155.3| Intact

Davis 147.2 | Intact

Goffena/Kruger 157.7 | Intact Feeds Kruger Spendiff Ditch

Kilby Butte 165.2 | Intact Bank Erosion upstream in 2018

Newton Pedrazzi 177.5| FLANKED Flanked in 2011; shifted to pumps

Clements 187.5| Intact Radeghiero

Naderman 194.3 | FLANKED Flanked irR011; shifted to pumps

Parrott 202.7 | Intact

Anderson 205.5 | FLANKED Flanked in 2011

Egge 209.8 | FLANKED Flanked in 2011; shifted to pumps

Lavina 227 | Intact

Name? 228.9 | Intact Above Cushman Bridge

Deadmans 278.5 | Intact/Repaired | Fishpasssage added pe2011

Agriservices 280 | Intact

Clements Ranch 285 | Intact

Springwater Colony 2 287.8 | Intact Just downstream of American Fork

Springwater Colony 1 290.7 | Intact

Name? 295.3 | Intact AboerRed Bridge Road near Harlowto

Name? 301 | Appears Intact | Below Milton Creek

Harlowton East Arden 303.1| Intact Avulsion in process around structure

Two Dot 325 | Intact
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Streambank
Restoration Area
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3.1.5 Floodplain Clearing

Floodplain developmentver the last centurjasincluded the conversion afparianforestto irrigated
fields. Hundreds of acres aiparian floodplain have been clearedpst of which occurred prior to the
1950s. Figure9 shows a photo of th floodplain condition in thearly 2000s, witta farmedhighbench
next to the active channelnd a relatively low poorly vegetated inset surface on the otlégurel0
showsriparianclearingand field developmenthat occurred sometimdetween 1953 and 1% also
note the constructedtrench in this photo sequence that capturadd movedhe riverto accommodate
the newly developed field

L T 4
Musseishell River
Reach 4 Cutoff Trench
[* RM 188.4
1953

"J W d
< " »

=B\

o~
b e
y 3
8

4

Roundyp04

Figure 10. Air photo comparison from 1953 (left) and 1979 (right) showing clearing of woody riparian
vegetation as part of field development.
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3.1.6 Summary

The collective impact of human influences in the valley bottom since tHg 2@t Century created a
river corridor that hadimited ability to emerge from a major flood unscathedajor contributing
factorsto this lack of resiliencinclude the following:

1  An oversteepened channel that had been purposefully shortened by theea and
subsequent developmerdf the floodplain

1  High streambanks due to channel downcutting in response to the straighteming.also
caused a drop in the water table and perching of adjacent floodplain

I  Floodplain restrictions due to the railro@glade, perched irrigation laterals, roads, etc. that
diminished the ability of the floodplain to dissipate energy during high natents

1 A floodplainclearedof riparian forest that oncgrovided more roughnessand erosion
resistance The altered floodplain nlenger has the same ability to dissipate hgmergy
flows, capture nutrientrich sedimentor promote shallow aquifer infiltration that augments
late summeiflow.

1 Everexpandingoank amor designedo stop channel moement, precluding natural recovery
from straightening.

As discussed in the next section, the flood history of the Inasalso played a role in its evolution.
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4 Flood History

The Musselshell Rivesa predominantlysnowmeltfed systenthat typically flads in the spring until
about midJune when flows typically reach on the order of 8€f8 at RoundupFlowsmaydrop toa
trickle in late summer and early fall unlesssifeam storage is supporting the system.

4.1 Flood Measurements at Roundup

The USGS stam gage for the Musselshell River at Roundup has been operation sincé=ifi4611
shows the highest flow (peak) measured each year since then. The plot shows that floods have
generally clustered from about 1975 to 1982 dnoim 2011to present. Another important aspect of

the plot isthe long period of lowpeakflows from about 1982010. As discussed in later sections of this
report, this low flow period set up a vulnerable giteod condition prior to the 2011 event.

Thetwo largest floods ever recorded at Roundup happened indlkedight years; in the spring of 2011

and late winter of 2014. The 2011 event is the flood of record, having peaked at 15,000 cfs at Roundup
(Figurell). The recenhydrologic analysis byioneer Technical Services (Pion&rl5) indicate that,

at Roundup, the 2011 event was just under a-¥@ar event, and the 2014 event was about ays@r

flood. The 2011 flood crested in late May and was driven by spring namsabe heavy snowpack. In
contrast, the 2014 event occurred in early March and was driven bselaged flooding.

Musselshell River at Roundup

Flood History
16000
100-yr
14000 -
12000 -
50-yr
@
S 10000
g’o I
f= 25-vr
£ 8000 -
a
a
® 6000 -
& 10-yr
w00 L sy |

2000 -+ |I

88'-’?!‘-
o o
o O © © © O O O o O
NN N NN N N N NN

Low Flow Years 1983-2010 Floods 2011-2019

Figure 11. Flood history for Musselshell River near Roundup (flood frequencies from Pioneer, 2015).
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Anotherimportant flood occurredn the upper rivein 2018. Although this flood had a much smaller
peakthan2011, it stillleached a 1§/ear flood Figurel2showshydrographs for the 2011 and 2018
events. Both has two distinct peaksaking them especially difficult to cope with in early summer.

Musselshell River at Roundup USGS 06126500
2011 and 2018 Flood Hydrographs
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Figure 12. Mean daily flow hydrographs for 2011 and 2018 floods at Roundup.

4.2 Flood Measurements at Mosby

The gage at Mosby has been active since 1929. At thjgls#@011 event was about a §@ar flood

and the 2014 flood was over a¥®ar Figurell). The 2018 flood was also important at Mosby,
because it lasted for weekBigureld). Whereas the 2014 flood Roundup was driven by ice in March,
down in Mosbythe 2014 flood happened in August and was driven by flooding on Flatwillow Creek
(Figurelh).
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Musselshell River at Mosby
Flood History
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Figure 13. Flood history for Musselshell River at Mosby (food frequencies from Roneer, 2015).

Musselshell River at Mosby USGS 06130500
2011, 2014 and 2018 Flood Hydrographs
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Figure 14. Mean daily flow hydrographs for recent floods at Mosby.
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30-Year Flood l

Roger Pucket,
Missoulian.com

2014

Figure 15. Photos from the 2014 flood showing March icgam flooding in Ryegate and August fleding at
Mosby (Missoula.com andKestrel Aerial Services)

4.3 Duration of Bankfull Flows

The duration of the floods is more important than the peak discharge when considering how much work

is done on a stream channel. To thatlethe 28 S| NJ ¥ f 2 2oRimanl§ vsedéas an &séimate of

0KS GOKIFyySt F2N¥YAYy3d Ft2éx 2N GKIFHG Ft2¢ OGKIFG Aa
the river. The Q2 is about equal to the flow that fills the stream channel, and in sHbogyatems iis
typicallyexcealed for about 11 days on average.

Figurel6 shows the number of days that Q2 was exceeded fomtlagor floods described above.
Althoughthe 2011 event dwarfed the 2018 flood in terms of peak discharge, they were quite similar i
terms of how long the channel saw bankfull flows, with the 2018 event being especially long in Roundup
(almost two months over bankfull). And as far as the 204ehts go, they were clearly shdived pulse
floods.
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Number of Days Q2 Exceeded

70

5
= 29
% 60
(1]
o 49
g 45,
v 39
= L%
w
B o
3 2 30
(N
w
% 20
(]
5
o 10
3 5 2
£
5 o I e
2011 2014 2018

m Mosby mRoundup

Figure 16. Number of days the 2year flood was exceeded at Mosby and Roundup in 2011, 2014, and 2018.

The last decade has been unprecedented in terms of flooding on the Musselshell River. In addition to
the floods described above, they2ar flow was welexeeded in 2015, 2017, and 2019. Over the past
nine years, th@nnual peak flow was $s thanthe 2-yearflood only once, in 2012.
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5 The RATT Il 2018 Site Visits? Observations
During the fall of 2018, the RATT team visited 29 landowners _
between Two Dot and FoPeck Reservo(fFigurel?7). We wrote F — ' NO— :
27 individual site reports for landowners that covered about 50 |

specific issues. In each of the reports suenmarized site ‘

characteristicand providel recommendations to landownsr
Unfortunately, we did not have systemide air photos thatould
capture theoverall impacts of th018 flood, althougiNAIP
(National Agriculture Imagery Programjageryshould beflown in
the fall of 20D and becomeavailablesometime the following
year. Wedid request more recent sitepecificair photos from the
Corps of Engineers and were able to use them to show localized e

channel changes at several sitée following section summarizes the primary themes of our visits.
The general recurringsueswere rapid channel migration and bank erosion, channel widening, slope
instability, avulsions and loss of bank armor.

2011 and 2018 @ 2015 RATT Sites

@ 2011 RATT Sites
2011 Channel Cutoff

Garfield

Fergus |
Petroleum

Musshelshell Watershed Coalition I
RATT Team Sites Legend
¢
®

Judith Basin

Wheatland
LI 1Y

®
o Golden Valley

oo @ ame ol

Sweet Grass e
I Stillwater

Figure 17. RATT sites visited in 2011 (green) and 2018 (red); yellow points mark 2011 avulsions.

Yellowstone

Sources: Esri, DeLorme, HERE, TomTom, Intermap, ingement P Corp.. GEBCO, USGS, FAO, NPS, NRCAN,
GeoBsse, IGN, Kadsster NL, Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong), s wiss topo, and the
GIS User Community
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5.1.1 Bank Erosion

Bank erosion was the most common problem we were shown on the river. In many cases this erosion
took out pump sitegFigurel8 and Figurel9) or fences (Figure20). In places outsidéend erosion

during the2018flood exceeded 100 feetTypically, thebiggest problems were where the erosion was
threatening infrastructure or roadsigure21 shows high bank erosion into a field road dfigure22

shows erosion into an access ra@dd railroad gradejust dowrstream of the Delphidvielstone siphon.

Where we had pos2018flood air photos, we mapped banklines to determine the rates axtdrgs of
bank movementor landowners At one siteabove the Number 4 Road, for example, bank movement
during the 2018 event eroded about four acres of a hayfield within one river d&gdre23).

E Pump Site e,

A

Figure 18. View upstream towards pump site showing elecital line in middle of river above Roundup.
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Legend
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Figure 21. View upstream of highbank erosion into roadbelow Mosby.

2018 Erosion

Delphia-Melston North Canal Siphon

Figure 22. View upstream showing 2018 erosion just below rocked siphon crossing.
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A 2018 Railroad Grade Breach

o
o % - ‘ -
Backwater Wetland 2018 =40

L
_l

Legend

I201 8 Channel
|:|2017 Channel
I2011 Channel
I2009 Channel

|:|1996 Channel

U1953 Channel

Figure 23. Mapped banklines below Roundup showing four acres of field erosion 2018.

The severe bank erosion seen since 2011 can be attributed to long high flow periods that transported

massive sediment loads, building point bars that @ddlitionalpressue on cutbanks, driving the

channel migration proces§&igure24). The process is somewhat ge#frpetuating during long duration

floods, as the erosion incorporates sediment into the channel that builds a point bar downstream,

driving more erosion and incorporating more sediment. The underlying driver for thiSisth NS 3+ A y A y 3 ¢
of length on a river that has been straightened by both intentional projects and the 2011 fragdre

25shows an example ardselow Mosby where a larged21 cutoff was followed by channel-re

lengthening. This process is an important aspect of the geomorphic evolution of the river and is

discussed in more detail in Chapter
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High Eroding Bank

Figure 24. View downstream showingstoragetank on right bank and large point bar on opposite side
driving erosion.

Pump

/‘ 2017 Channel

2012 Channel

., Estimated WP
/2018 Bankline ;"
T

Figure 25. Channel migration through time below Mosby; note lengthening folwing 2011 cutoffs. The
black star marks a pump site that was eroded out during 2018 flood.
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In many cases, the erosion has geotechnically destabilized banks that will continue to change, even with
moderateriver flows. Figure26 and Figure27 show a site below Mosby where erosion of a high

bankline against a pond has caused the develephof deep tension cracks on the topbank that will
continue to destabilize the bank.

Figure 26. View downstream showing pond, heazlitting spillway, and cabin at risk.
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Our recommendations famanagingbank erosion depended on the riglkcreated As discussed later in

this document, theability for the river to lengthen through erosion is an important aspect of its
geomorphic stabilization. To that end, we tried to limit hard armor recommendations to areas where
there was essentially no tolerance for bank movement. In other areasyitmg@ossible to use softer
armor techniques that will help recover vegetationtie banklines and slow the rate of bank

movement without stopping it entirely. When we provided landowners site reports, we included a bank
protection supplement to help tha consider options for addressing erosion. That document is

included in this repd as Appendix A.

5.1.2 Avulsions

Anavulsionis the rapid carving of a new channel through a floodplain surface that captures the flow of

the main channel thread. Avulsions tyglig form by headcutting, where a new channel erodes in an

up-valley direction, srting from a headcut formed where overbank flowsemter the main channel

over a steep bankHfgure28). We mapped a total of 59 avulsions as hgwccurred duringhe 2011

flood, abandoning about 37 miles of channel. The most shortening in 2011 was below Flatwillow Creek,
where the river lost over 20% of its total lengfFiqure29). Most of these avulsions cut throughet

cores of long meander bends, cutting off the bend and leaving a large oxbow on the floodplain. These
FSFGdzZNBa FNB |fa2 NBFSNNBR (2 Fa aOKdziS Odzi2FFaé o

Figure 28. 2011 flood photo ofavulsion in process (upstream migrating badcuts) below the Musselshell
River Road Bridge (Kestrel Aerial).
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Figure 29. Abandoned channel below Mosby resulting from 2011 avulsion/chute cutoff (Kestrel Aerial).

Our site visits in 2018 suggest that avulsions were eclegsnon flood impact compared to 2011,

Ff 0K2dzZ3K ¢S g2y Qi 06S Fo0tS G2 FdAte OF LWdNBE K2g Yl
available. We did evaluate some new avulsions, however, vghiatiened the river even more since
2011, further steepeimg the channel slopeFigure30 shows one example below Roundup, where a
new channel cut through a meander cortn these locations we anticipate some downcutting upstream,
as well as future bank erosion as the river recovergtlen In most cases the avulsions were relatively
small and did not appear to significantly threaten agricultural operations, althoughékyv channel

routes typically create islands that can be difficult to access during high wiitgure31 shows an area
with two 2018 avulsions that created islandsijparian bottom land. In many cases these avulsions
through riparian bottoms can create good fish habitat because the carving of new channels recruits
trees to the river that crea good habitat elements (cover, scour holes) for ffElgre32).
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Figure 32. View downstream through avulsion path showing large wood in channel.

The biggest risk to operations with an avulsion tends to be thlatisn of pump sites or diversions from
the river, as well as the secondary effects of channel steepening and accelerated bank erosion.
Avulsions can also isoldfields. Upstream of lrlowton for example, a developing avulsion threatens
to bypass aliversion structureFigure33). In cases like this it may b@ost costeffectiveto relocate

the diversion or cosider the conversion to portable pumps.
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In understanding the evolution of the Musselshell River, it is important to consider the effect of

avulsions on channel slop&igure34 andFigure35show a site near Shawmut, where a long megamn

f22L) Odzi 2FF AY H A MFiguieddp Downstréad tzéréiig ahofher béntl thais SR A Y
highly compressed and at risk of cutting off. The 2012 LiDAR data can be used to draw a topographic
profile along the postavulsion channel path, to show how much the river would steepen throhgh t

avulsion path. Ifrigure35, for example, the 2018 avulsion created a drop of over 5 feet in the river,

with another potential 4foot drop on the bendwg downstrean. Because of these drops, floodwaters

that flow over the neck of a meander will create a waterfall that will downcut, carving a series of

headcuts that migrate up through the avulsion path. Once the avulsion has occurred, this headcutting

will continueupstream potentially resulting in channel downcutting well upstream of the avulsion itself.

Figure 34. Northward oblique view of avulsion sites on south channgflow is left to right).

Figure 35. Profile pulled through avulsion paths inFigure 34 showing vertical drops at avulsion points.
Dashed line shows potential longerm steepened profile which includs several feet of downcutting above
avulsion pints.
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