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Executive Summary

This report contains the results of a Channel Migration Zone (CMZ) mapping effoit fdfes of the

Sun River extending from just north of Augudtavnstreamto Vaughn. Along this stretch, the river
transitions from a fairly confined and narrow streaprridor that is tightly controlled by erosien

resistant terraces to a highly dynamic broad stream corridor that is prone to rapid migration rates and
avulsions (rapid creation of new channelb)igration rates geerally increase in the downstream
direction as the channel slope flattens, the valley widens, and large rapidly migrating meénaglerse

the floodplain. Old floodplain swales and tributaries create high flow paths and avulsion routes.

Historic imagery beginning in 1957 was used to measure migration rates through the project reach;
hundreds of measurements were collected and statistically analyzed to determine mean rates of
movement for each reachMaximum migration distances measuredrfthe 19572019 timeframe range
from about 250 feet in upper reaches to over 900 feet near Vaughrea&t10 avulsions have occurred
in the project reach since 1957, with two currently developing.

Rapid channel migration on the Sun Riveairigen by a unique geologic setting on the Rocky Mountain
Front, where the Sun River Glacier extended from the mouth of Sun Canyon to Augusta. The toe of the
glacier near Augusta fed braided streams that carried gravels downstream, forming high tehatces t
bound the Sun River valley. Approaching Great Falls, the river enters low gradient areas that were
historically inundated by a large glacial lake, causing coarse sediment deposition and driving rapid
channel change, especially during floods.

A combied look at channel form and flood history shows that, between the late 1970s and 2011, the

river was quiet in terms of floods and channel change. The river narrowed during that time, as did
YydzYSNR dza NAGSNE I NRdzy R ( KS arsidi thelle&rig 2000k that calisédyo@ G 2 y £ &
rivers to atrophy, but a much longer period of minimal flooding. An important aspect of this trend is

that newcomers to the river corridor had littllirect experience with just how much the Sun River can

change withtime, making the floods of 2018 and 2019 especially shocking to many.

Irrigation infrastructuraslargely consolidatethrough the project reach, which makes river
management on the Sun River more effective and affordable than on many other systemseve ha
mapped in Montana. That said, the floostarting in 201 Jafter several decades of virtually no flooding
has caused a new, recent period of active change that is creating challenges for landamshers
managers

Ourobjectivewith the mapping and intengtations provided in this documergto assistiver corridor
landowners and other stakeholders in understanding the nature of Sun River lateral migration, focusing
not only on the challenges that channel migration creates but also the critical combrisuhat these
process make to stream heath, resilience, and ecological vibrancy.
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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 @ river channel and formation of a new channaklulsions

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

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

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

CDc¢ Conservation District.

Channel Migrationg The process of a river or stream moving laterally (side to sick®ssts floodplain.
Channel migration is a natural riverine process that is critical for floodplain turnover and regeneration of
riparian vegetatn on newly created bar deposits such as point bars. Migration 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 ZongCMZ)¢ A delineated river corridor that is anticipated to accommodate natural

channel migration rates over a given period of time. The CMZ typically accommodates both channel

migration and areas prone to avulsion. TheresultishIndS R G F22 G LINAY G¢ GKIFG RSTA
corridor that would be active over some time frame, which is commonly 100 years.

DNRQ; Department of Natural Resources and Conservation.

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

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

Flood frequencyg The statistical probability that a flood of a certain magde for a given river will
occur inany given year. A 1% flood frequency event has a 1% chance of happening in any given year,
and is commonly referred to as the 1§86ar flood

Floodplain An area of lowlying ground adjacent to a river, formed maiolyriver sediments and
subject to flooding.
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Fluvialg Streamrelated processes, from the Latin word fluvius = river.

Geomorphology-¢ KS &G dzRé 2F fFyRT2N¥a 2y (GKS 9 NIKQ& & dzNF
flIyYRT2NXVAOD GCf dzONRf YPRBYRNBRRTROERET ABF&S K24 NAGDS
surface.

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

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

Hydrologyc The study of properties, movemerRA A G NA o dzi A2y > YR STFFSOGa 27
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 Wody Debris (LWDg Large pieces of wood that fall into streams, typically trees that are
undermined on banks. LWD can influence the flow patterns and the shape of stream channels, and is an
important component of fish habitat.

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

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

Morphology- Of or pertaining to shape

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

Planform- The configuratiorof a river chanel system as viewed from above, such as on a map.
RDGR Reclamation and Development @Gta Program, DNRC.

Restricted Migration Area (RMA) Those areas of the CMZ that are isolated from active river migration
due to bank armor or other indstructure.

Return Intervat The likely time interval between floods of a given magnitudikeis 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 ossituated on the banks of a river. Riparian zones are the interface between
land and a river or stream. The word is derived from Latin ripa, meaning river bank. Plant habitats and
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communities along stream banks are called riparian vegetation, and tleggation strips are
important ecological zones due to their habitat biodiversity and influence on aquatic systems.

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

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

channel length to valley length; for examplesteaight channel has a sinuosity of 1, whereas a highly
tortuous channel may have a sinuosity of over 2.0. Sinuosity can change through time as rivers migrate
laterally and occasionally avulse intew channels. Stream channelization results in a rapid reduction in
sinuosity.

Stream competency The ability of a stream to mobilize its sediment laeltich is proportional to flow
velocity.

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

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

TheSun RiveChannel Migration Zone (CMZ) mapping progdends 51 river miles from just upstream of the
Highway 287 bridgdownto the mouth of Muddy Creek ataughn(Figurel). River corridor communities

located within or adjacent to the Sun River corridor include Simms, Fort Shaw, SuaiRivéaughn.The work
wasfunded through a Montana Department of Natural Resources and Conservation (BERE3 grant with
additional support from Cascade Conservation District and the Montana Department of Environmental Quality

(DEQ).
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Figurel. CMZ mapping extent on the Sun River, extending from the Highway 287 Bridge to the mouth of Muddy Creekauegm.

1.1 The Project Team

This project work was performdaly Karin Boyd of Applied Geomorphologryd Tony Thatcher of DTM

Consulting Over the past decade, we have been collaborating to develop CMZ maps for numerous rivers in
Montana,to provide rational and scientificalsound tools fo river management. It is ogoal to facilitate the
understarding of rivers regarding the risks they pose to infrastructure, so that those risks can be managed and
hopefully asoided. Furthermore, we believe the mapping supports the premisertfataging rivers as

dynamic, deformable system®ntributes to ecologidaand geomorphicesilience while supporting sustainable,

costeffective development

1.2 What is Channel Migration Zone Mapping?

The goal of Channel Migration Zone (CMZ) mapping is to provide-aftedive andscientifically basetbol to
assist land ranagers, property ownersgency personnegnd other stakeholders in making sound land use
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decisions along river corridors. Typically, projects constructed in stream environments such as bank
stabilization, homes and outbuildings, access roads, pivotsdaversion structures are built without a full
consideration of site conditions related to river process and associated risk. As a result, projects commonly
require unanticipated and costly maintenance or modification to accommodate river dynamicsm&pihg is
therefore intended to identify those areas of risk, to reduce the risk of project failure while minimizing the
impacts of development on natural river process and associated ecological function. The mapping is also
intended to provide an edutimnal 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 timeframieers occupy a corridor area whose width is dependent on rates

of channel shift. The processes associated with channel movement include lateral channel migration and more
rapid channel avulsiorF{gure2).

Avulsion
Bendway Cutoff
between 1976 - 2001 = 1976

Figure2. Typical patterns of channel migration and avulsion evaluated in CMZ development.

The fundamental approach to CMZ mapping is to identify the corridor area that a stream cbasegks of

stream channels can be expected to occupy ovgivan timeframeg typically 100years. This is defined by first
mapping historic channel locations to define tHestoric Migration Zone, ddAMZ Figure2). Using those

mapped banklines, migration distances are measured between suites of air photos, which allows the calculation
of migration rate (feet per year) at any sitwverageannualmigration rates are calculated on a reach scale and
extended to the life of the CMZ, which in this case is 100 years. Thigaf®hean migration distance defines

the Erosion Buffer, which is added to the modern bankline to define the Erosion HazaraAEtHA

Channel migration rates are affected by geomorphiluencessuch as geology, channel type, stream size,
sediment volume, sediment sizélgw patterns, slope, bank materials, and land use. For exampleneonfined
meandering channel with h sediment loads would have higher migration rates than a geologically confined
channel flowing through bedrock canyon.To address this natural variability, the study area has been
segmented into a series of reaches that are geomorphically similacamte characterized by average

migration rates. Reach breaks can be defined by changes in flow or sediment loads at tributary confluences,
changes in geologic confinement, or changes in stream pattern. Reaehggpically on the order of fivéo 10-
mileslong. Within any given reach, dozens to hundreds of migration measurements may be collected.

Avulsionprone areas are mapped where there is evidence of geomorphic conditions that are amenable to new
channel formation on the floodplain. This woutlude meander cores prone to cutoRigure2), historic side
channels that may reactivate, and areas where the modern channel is perched above its floodplain.
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The bllowing map units collectively define a Channel Migration Zone (Rapp and Abbe, 2003):

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

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

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

W Restricted Migration Area (RMAgareas of CMZ isolated from the current riveaohel by

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

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

The Restricted Migri A 2y | NS owa! 0 Aa 02YY2yfé& NBY2OSR FNRBRY
I 0O0S&aaArofS¢ oe GKS NRARGSNI owl LI FYR '6006ST Hnnoo® Ly
human activities provide insight as to the extent of enatwaent into the CMZ, and highlight potential

restoration sites. These areas may also actively erode in the event of common project failure such as bank armor
flanking. For this reason, the areas of the natural CMZ that have become isolated are conigtiimethe

2OSNIff /a¥% 02dzyRIFNE FYR KAIKEAIKGSR a aNBadNROGSR

Each map unit listed above is individually identified on the maps to show the basis for including any given area in
the CMZ footprint Figure3).

Bank =
re . XD .
Stabilization :o:mm:;}‘ S CMZ Boundary
$X5 KX
LS

Channel
Year

1950
== 1976
2015

Stabilization
CMZ Boundary EHA

Figure3. Channel Migration Zone mapping units.

Although the basic concept for Channel Migration Zone mapping efforts is largely the same throughout the
country, different approaches to defining CMZ boundaries are used depending on specific needs and situations.
These differences in assessment techeigjgan be driven by the channel type, different project scales, the type
and quality of supporting informatiorthe intended use of the mapping, etc. For this study, the CMZ is defined
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as a composite area made up of the existing channel, the collectiypriiot of mapped historic channel

locations shown in the 1957, 1977/78, 1995, 2017, and 2019 imagery (Historic Migration Zone, or HMZ), and an
Erosion Hazard Area (EHA), tieabased on reachcale average migration rateéreas beyond the Erosion

Buffer that pose risks of channel avulsion are identified as Avulsion Hazard Areas ortisi@pproach

generally falls into the minimum standards of practice for Reach Scale, Moderate to High Level of Effort mapping
studies as defined by the Washington Ddpsent of Ecologywww.ecy.wa.goy. This approach does not,

however include a geotechnical setback on hillslopes; these areas would require a megesific analysis

than that presented here.

1.3 Relativelevels 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 centry has not been quantified, the characteristics of each type of channel movement allows
some relative comparison of the type and magnitude of their risk. In general, the Erosion Hazard Area
delineates areas that have a demonstrable risk of channel ocimpdtie to channel migration over the next

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 floloden process; the Avulsion Hazanet@ delineates

areas where conditions may support an avulsion, although the likelihood of such an event is highly variable
between sites and typically depends on floods. Large, long duration floods have the potential to drive extensive
avulsions, even aér decades of no such 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).

1.4 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 boundaries. FEMA (1999) noted
the following with respect to predictopchannel migration:

Xdzy OSNIFAydeé A& ANBIGSNI F2NJf2y3 GAYS FNIYSao F
which uncertainty is much reduced may be useless for floodplain management because of the
minimal erosion expected to occur.

The Sun Rer shows historic patterns of lateral migration and avulsion, locally within a broad floodplain surface
that has dense networks of historic channels. With potential contributing factors, such as woody debris
jamming, sediment slugs, landslides, or ice jasinamatic change could potentially occur virtually anywhiere

the stream corridor or adjacent floodplainAs the goal of this mapping effort is to highlight those areas most
prone to either migration or avulsion based on specific criteria, there is gldalpotential for changes in the

river corridor that do not meet those criteria and thus are not predicted as high risk.

''YOSNIiFAyide faz2z aGSyYya FNRY (KS 3Sy S NAstpredidtedfitiRer Y G K
migration is basé on an assessment of historic channel behavia,dhivers of channel migration over the past
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50 years are assumed to be relatively consistardr the next century. Konditionschange significantly,
uncertainty regarding the proposed boundaries wilrease. These conditions include system hydrology,
sediment delivery rateglimate,valley morphologyriparian vegetation densities and extents, and channel
stability. Bank armor and floodplain modifications, such as bridges, dikes, leveasnd ad gravel mining
could also affect map boundaries.

1.5 PotentialCMZ MapApplications

The CMZ mapping is intended to supporaageof applications but the mapping should be primarily viewed as
a tool to support informed management decisions throughoutvar 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 Develop project priorities, timelines, and funding mechanisms.

w Straegically 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 Improve sakeholder understanding of the risks and benefits of channel movement

w ldentify areas where channel migration easememigy be appropriate

w Facilitate productive discussion between regulatory, planning, and development interests active within
the rivercorridor.

w Helpcommunities and developers integrate dynamier corridosinto land use planning

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

Note:

The CMZ mapping developed in thiady was developed withut anyexplicit intent of either providing
regulatory boundaries or overriding sigecific assessmenté\nyfuture use of the maps as a regulatory tool
should include a careful review of the mapping criteria to ensure that gpgaach used is appropriate for that
application.

1.6 OtherRiverHazards
The CMZ maps identify areas where river erosion can be expected to occur over the next century. Itis
important to note that river erosion is only one of a series of hazards assoeidttedver corridors.

1.6.1 Flooding
The CMZ maps do not delineate areas prone to flooding. The difference between mapped flood boundaries and
CMZ boundaries can be substantial. In cases where the floodplain is broad and low, the CMZ tends to be
narrower than the flood corridor (left schematic drigure4). In contrast, where erodible terrace units bound
the river corridor, the CMZ is commonly wider than the floodplagtause the terraces may be high enough to
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escapeflooding, but notresistant enough to avoidrosion (right schematic oRigure4). This is a common
problem in Monaina because of the extent of high glacial terraces that are above base flood elevations, but not
erosionresistant.

< FEMA > %
CMZ
>
Qg
BEDROCK BEDROCK

Figured4. Schematic comparisons between CMZ and flood mapping boundaries (Washington Department of Ecology).

Figureb shows a property on the Yellowstone River in Park County that was progressively undermined during
the 19961997 floods, prompting the owner to burn it down poevent any liability associated with the

structure falling into the river. This has been a chronic problem in river management, as landowners assume
that if their home is beyond the mapped floodplain margin, it is removed from all river hazards. After
experiencing massive 2005 flood damages in Saint George Eltair€6), several property owners reflected on
this issue (www.Utahfloodrelief.com):

We knew the river was therdlVe 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,
S R2y Qi KI @S Fft22R Ay adhdaNslgyiSreidbNdse-uy for affythisggR 2 F A Y & dz

Our property was not located within the 58@ar flood plain or was it adjacent to it. The river simply
took a new route that went right through our property.

I knew we were in big troublelhe river was ragg and making a shar{s" turn right behind our
home. Our property seemed to take the full force of theer turning against the bank.arge chunks
of earth were beig swallowed up into the riveiVe watched 20 feet erode in less thamo hours. We
knew if it continued athat pace, we'd lose our houseur contractor contacted an excavation
company early that morning, but they said thereswething they could do for u¥Ve were also
informed that our contractor's insurance was not covered for floods
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Utahfloodrelief.com

Figure6. Photos from a 2005 in Saint George Utah, where homes sevVeedlabove the mapped floodplain were destroyed by
channel migration (www.Utahfloodrelief.com).

An example floodplain map for tHgun River upstream of Vaughn is showRigure7. The floodplain

boundariescover much of the valley bottom, and the regulatory floodway, which is crosshatched in red,
ARSY(GAFASAE GKS FINBIF 2F NAGSNIFYR FR2IFOSyid tFyR I NBY
withoutcumdzt | G A @St & AYONBFaAy3d GKS 41 GSN) adz2NFIF OS St SO G A
Communities are responsible for prohibiting encroachments including fill and new construction in floodway

areas unless hydrologic and hydraulic analysesvaghat it will not increase flood levels in the community. On

the Sun River he floodway footprint envelopdepict a complex series of active channelsavel pitsand
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floodplain areas. The combined risks of flooding and channel migratitimed®un river should bothe
considered threats to human health and safety.

30013002

eff. 3/19/2

Figure7. FEMA flood map for area between Sun River Bridge (left) and Vaydght).

1.6.2 IceJams
Another serious river hazard, especially in Montana, is ice jamming. (\8&ide jams have been recorded in
Montana, which is the most of any of the lower 48 stateisp(//dphhs.mt.gov/). Ice jams are most common in
Montana duringFebruary and Mich. Dams can cause flooding upstream due é&ahwatering, and
downstream of the jam ice chunks mobilized by breakups can cause damage. Breakups can occur rapidly, and it
generally takes water that is almost two to three times the thickness of the ice to mobilize the jammedéce.
jams can alsoause avulsions by entirely blocking channels and forcing flows onto the floodplain.

The Sun River does not appear todaticularlyprone to ice jamming, asig not listed as having had 10 or
more reported jams(Figure8). InMarchof20p G KS / F a0OF RS /[ 2dzyié {KSMATFQa
the river werestarting to break upgreatingflash floodconcerngFigure9).
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Figure8. Montana rivers east of the continental divide with 10 or more reported ice jatnsh.noaa.gov)

Figure9. 2019 ice jam on the Sun River near Muddy Creek (ktvm.com)
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1.6.3 Landslides
There are no mapped landslidadjacent to theSunRiverin the project area Upstream, however, landsliding in
the upperwatershed could impact stream process in the project rdagimpounding and then releasing
massive volumes of water and sedimedust downstream of the Highway 287 bridge, a hillslope failure against
the Floweree Canal caused the canal to breach, fograilarge deposit on the Sun River floodp(&igurelO).
This demonstrates that, where canals are close to the river, breaches could create new floodplain abrannels
depositional features that may affect Sun River dynamics.

Figurel0. Google Earth photo showing Floweree Canal hislislope failure causing canal breach (left); Sun River is to right.

1.7 Disclaimer and Limitations
The boundariesealeloped on the Channel Migration Zone 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 boursdarie
overriding 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 criticatthsers 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 espscialidly, which could result in
migration beyond the mapped CMZ boundary. Additionally-sgigeific variability in alluvial
deposits may affect rates of channel movement. Mapping errors introduced by the horizontal
accuracy of the imagery, digitizimgcuracy, and air photo interpretation may also introduce
small errors in the migration rate calculations. Future shifts in system hydrology, climate,
sediment transport, riparian corridor health, land use, or channel stability would also affect the
accumcy of results, as these boundaries reflect the extrapolation of historic channel behavior
into the future. As such, we recommend that these maps be supplemented-$yesitfic
assessment where netgrm migration rates and/or site geology create anoiealin the reach
averaging approach, and that the mapping be revisited in the event that controlling influences
change dramatically. A sigpecific assessment would include a thorough analysis of site
geomorphology, including a more detailed assessme&htok material erodibility, both within

SunRiver @annel Migration Mapping Study July 2020
Page |22



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 vegetation and land
use on channel migratioand an analysis of the sipecific potential for channel blockage or
perching that may drive an avulsion.
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2 Physical Setting

The following section contains a general description of the geographic, hydrologic, and geologic influences on
the SunRiver, to characterize the general setting and highlight how that setting may affect river process

2.1 Geography

The Sun River Watershedli875square miles in sizg..2 million acres), originating as two forks (North and
South Forks of the Sun River) within the core of the Bob Marshall Wilderness and flowing eastward off of the
Rocky Mountain Front to its confluence with the Missouri Rindgiieat Falls. Bjor tributaries includewillow
CreekElk CreekDry Creek, Simms Creekd Muddy CreekHigurell). Major communities in the river corridor
includeSimms, Fort Shaw, Sun River, Vau@un PrairieAugustaand Manchester. For much of its length in

the upper watershed, the river forms the boundary between Lewis and Clark and Teton coBet@sSimms

the riveris entirely within the boundaries @@ascade County.

Sun River Watershed L E________I '
Koo 7 g

i
{ i

UL el b ( = Bracy

2ol i Pl S =0

ol / Nations| Gecgraphic, Esri Det‘aqqa HERE UNERWCHEHUSCEINASA, ESA, METIRNRCAN. GEBCE!
N 5 HOAK, inctement P Corp Sy

Figurell. Sun River Watershed.

The Sun River watershed encompasses about 28 linear miles of the Rocky Mountain Front, extending from
Castle Reef on the northern portion of the watershed to Steamboat Mountaingsouth. Ivan Doig effectively
described the Rocky Mountain FrontThis House of Sky

"We came up over the crest and were walled to a stop. The western skyline before us was filled high
with a steelblue army of mountains, drawn inbattalions of peaks and reefs and gorges and crags as
far along the entire rim of the earth as could be seen. Summit after summit bladed up thousands of
feet as if charging into the air to strike first at storm and lightning, valleys and clefts chasmed veid
as if split and hollowed by thunderblast upon thunderblast.'lvan DoigThis House of Sky
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The peaks, reefs, gorges, and crags describ&tisnrHouse of Sloapture the unique grandness of scale in this

area Figurel20 @ ¢tKS w201@ az2dzyidl Ay GCOChbtgalaranhas K be@MB y ¢ 0 Ay
recogrized by geologists as a classic example ofgkinned, fold and thrusttype mountain forming processes,

and field trips from universities around the country are commonly held in Sun Canyon to teach structural

geology. East of the canyon mouths, the @mmation of mountain building processes with subsequent

glaciation has created a spectacular landscape where steep scarps on the eastward edge of limestone thrust
sheets gradeo rolling prairie hills comprised of outwash gravels that transitidn a glacial lake environment

near Vaughn

Figurel2. View to the west showing Castle Reef (righSun River flows about % mile to the left of this photo.

2.2 Geology and Glacial History

Limestone cliffs are the defining feature of tR@cky Mountain Front. Erosion through the thrust sheets has
created unique stream systems that flowrth-souththrough repeating sequences of limestoneEhese
tributaries feed the Sun River, which flows eastward actiosprairiewhere it joinsthe Missouri River at Great
Falls Figurel3andFigurel4 shows a good examptef how the Sun River cuperpendicularlythrough a series
thrust sheets in Sun CanyddnFigurel4the thrust faults arelepicted aslack lineghat show how the falts
dip to the west The map shows that the thrust sheets have been puglastivard which is what forms the
cliffs ofCastle Reef and Sawtooth Mountain at the mouth of Sun Canyon.
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Figurel4. Geologic cross section showing northward view of Castle Reef (blue ridge in center) and dense fault system just tatthe eas
(right) (Karabinos, 2017).

As the Rocky Mountain Front was uplifted, the drainage network became conthyllib@t geology. Figurel3
shows how tributary streams in Sun Canyon enter the river from right angles, controlled by a series of gulches
formedalong the more erodible layers of the thrust sheets.

The bedrock geology is one major aspect of the watershed conditions that affedytiaenics of the Sun River
as if flows out of the Bob Marshall Wilderness towards Great Falls. A second major control is the younger
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sediments, many of which are glacial depositgell after the uplift of the mountains, the Cordilleran Ice Sheet
intermittently covered the western edge of Montana up until about 10,000 years ago. Duringgtiad,the
ice made several advances and retreats; two distinct glacial periods in this area were the Bull Lake Glaciation

(200,000 to 130,000 years ago) and the Paledslaciation (~30,000 to 10,000 years ago). The Bull Lake ice is
thought to have extended as far east as Choteau.

In Montana, the glacial advance to the south created ice margin lakes across Mdrigua15). Part of this

study areas lies within the footprint of Glacial Lake Falls, and those deposits are exposed in some eroding
banklines (Kellog@014).

rslana. (imslhannd) st eIt
=

Figurel5. Map of northernMontana showing extent of glacial deposits (light green) and glacial lafligét blue)that formed south of
those deposits, including Lake Choteau and Lake Great Falls on the left, as well as Lake Musselshell (center) and Lakesidvedan

right) the lakeshown on the lower right follows the current path of the Yellowstone river and was called Lake Glen@wo(, et. al.,
others, 1961.

Figurel6 shows a map from theB0s, showing the glacial ice sheet covering what is now the Teton River

corridor, Great Falls Lake, and also the Sun River Glacier extending off of the front towards Augusta. The author
6!t RSYys Mgpon03X RSAONAROSR (K@yfdzyowhA @&SI BNEOUSNIRAE a8
valley glacier was four miles wide near the mouth of Sun Canyon and spread out tdwgtdsga for 18 miles,

reaching a maximum width of about 15 miles. It covered more than 200 square miles of the plains west of
Augusta. On the edges of the ice it appears to have been over 200 feetatmitkpout 1,500 feet thick at the

mouth of the cangn (Alden, 1934)Figurel7 andFigurel8 show 1930s photos of large limestonletks that
were carried by the Sun River Glacier onto the prairie near Augusta.
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Figure16. Map of Sun River Glacier extending from the Sun Canyon to Gilman near Augusta (Alden, 1934).
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B. BLOCKS OF PALEOZOIC LIMESTONE TRANSPORTED BY SUN RIVER GLACIER,
ON THE PLAIN 8 MILES EAST OF THE MOUTH OF THE SUN RIVER CANYON

The blocks are 10 by 13 by 30 feet.

Figurel7. Mid-1930s photo showing glacial erratic on plains east of Sun River Canyon (Alden, 1934).

C. BLOCKS OF PALEOZOIC LIMESTONE TRANSPORTED BY SUN RIVER GLACIER
4 MILES NORTHWEST OF AUGUSTA, MONT.

On moraine 15 miles southeast of the mouth of the Sun River Canyon. The blocks are 15 to 20 feet
ong.

Figure1l8. Mid-1930s photo showing glacial erratic on what appears to be modern Highway 287 hillslope (Alden, 1934).
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The geolow andglaciahistories2 ¥ G KA & | NBIF INB 020K AYLRNIFIyG G2 2y
of the Sun River. The Rocky Mountain Front providegjar source of both flow and sediment to the river, as

do glacial outwash sediments that extend into the proj@ea(Figurel9). As the river continues eastward

towards Great Falls, it entersgdaciallake environment characterized Imyuchlower slopes. Thisetting, where

a large coarsgrained sediment load progressively encounters flatter sldpsduced transporenergy) makes

the Sun River especially prone to major changes, especially during flood events when high volumes of sediment
are mobilized. A simplified modern geologic map of the watershed is shokigune20, with the project area

shown in a black polygon. The map shows glacial tilteinpper end of the project area, and near Simms and

Fort Shaw gravel terraces along the river that have glacial origin as outwash deposits formed by braided streams
at the toe of the glacierfFigurel9). The light blue color reflects older rocks such as the Two Medicine

Formation, that form bluffs along the river. The Two Medicine Formation units can be highly resistant to erosion
(sandstones) but are sometimes meto failure. The glacial gravels are highly erodible. As a result, the valley
margins affect river behavior in terms of both sediment contributions and erosion resistance.

Figure19. Gravel deposits on terracadjacent to Sun River river corridor is in cottonwood gallery in background.
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Figure20. Simplified USGS geologic map of the Sun River Watershed.

2.3 Hydrologyand Flow Management
The hydrology of th&unRiver reflects a typical snowmelt system, with peak flows occurring between late May
and early July.

2.3.1 Water Development
The biggest and oldest water development project in the watershed is the Sun River project. This project
launched in 1907 when the U.Beclamation Service approved the construction of the Greensfields and Fort
Shaw divisions, each with its own irrigation district. The project includes three storage reservoirs, two diversion
dams, 131 miles of main canals, 562 miles of smaller siddscamal 265 miles of drain canals (Kellogg, 2014).
Additional irrigation projects include Nilan Water Users, Broken O Ranch, Rocky Reef, and the Sun River Valley
Ditch Company. According to Kelldg§14) the eightmile reach from Lowry bridge to the mth of Big Coulee
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is especially susceptible to dewatering during drouglaithough recent cooperative actions by water users have
resulted in improved irstream flows in recent years.

2.3.2 SunRiver Flood History
To get a better perspective of thi#ood histay of the Sun River, a logrm dataset from the Sun River near
Vaughn is summarized belowluch of the hydrologic workup has been pulled directly from a recent project
that AGI was involved to evaluate the impacts of recent floods on Elk Creek aniloLitartes (CCl and AGl,
2020).

The Sun River gaging station near Vaughn (USGS 06089000) has continuously neearizily flows since
1934 measuring flow contributions from the Upper Sun River, Lower Sun River, Elk Creek, and Muddy Creek
watersheds These mean daily flows are complimented by instantaneous peak discharges during flood events.

The annual instantaneous peak flow record for the Sun River near Vaughn gage is shigureli, and flood
frequency estimates for the gage are shown as horizontal lines on the plot. The Sun River data indicate that at
Vaughn, the 1964 flood exceeded a 2@ardischarge The second highest peak was in 1@fen al00-year
eventwas exceededThe 2018 and 2019 floods exceededy2ar and Syear events, respectively. The flooding
pattern generally shows flooding every decade or so from 1953 to 1975, followed by a long period of minimal
flooding beginning in the early 19803 he 2011 flood marked a resurgence of flooding, with three large floods
occurring during the 2022020 decade.

To identify all major floods on the Sun River, each peak flood was evaluated with respectyear fl0od

event. Figure22 shows all recorded floods at Vaughn thateeded a 1§ear flood, and the bar height

represents how much the fear flood was exceeded, so for example the 1964 event was about 55,000 cfs
larger than a 1§ear flood. Since 1936, a total of 8 floods have been larger tharyadrevent. The 2@land

2019 floods are included in this analysis, however their magnitude is based on a published mean daily flow
rather than instantaneous peak, so the true exceedance value is probably larger. Using mean daily flows from
2018 and 2019, the 2018 event eetled a 16year flood and the 2019 flood did not.
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Figure21l. Annual Instantaneous Peak Discharges from 12847, Sun River near Vaughn (USGS 06089000).
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Figure22. Instantaneous peak flow volumes excess of a 1§ear flood event; 2018 is based on mean daily flow versus instantaneous
peak.
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2.4 Major Recent Floods
The following section contains a brief summary of major flood events.

2.4.1 The 1953 Flood(s)
The flood of 1953 was caused by heavy r&ios May 24 to June 4. According to the USGS (USGS, 1957), the
LISNBEAAGSYd KSF@e NIAya OFdzaSR Ff22RAYy3 GKIFG &l LILINE |
duration event that was driven by three individual storrRg(re23). The early storms dropped snow in the
high country that was subsequently melted by rainfall events. During the first storm (M2§)2Rogers Pass
received 61.3 inches of snovA total of 4.6 inches of rainfall fell in Augusta during the three storms. Although
no lives were lost during the floods, two boys at Haver were killed by agpash landslide. Over 200 bridges
were washed out or impassabld953 flood damages in thau River drainage were about $8.3 million in
2RI &Qa R2fflFNRO® lfy2ad cnn LIS2LXS 6SNBE SJI Odz G§SR¢
with a gage height of 16.4 ft.

The three storms associated with the 1953 flood are visible as threiledtisteps in the rising limb of the Sun
River hydrograph for that evenEigure23).

=

/

| B ,1"

! ‘ 5 Inches June 3 /,f/
Floods of May-June 1953  — — ]
in Missouri River Basin

in Montana

FLOODS OF 1953

CUMULATIVE PRECIPITATION, IN INCHES

4 Inches May 24

Figure23. Cumulative precipitation during spring 0953 showing three distinct storm events on May 24, M29, and June 3; Great
Falls is shown on the topmost line (USGS, 1957).

2.4.2 The 1964 Flood
The most severe flood ever recorded on the Rocky Mountain Front happened in the late spring of 1964.
Fortunately the flood prompted an interagency meeting in Great Falls on Jun#962 to address how to
R20dzySyid GKAa az2dziadlyRAYy3IE SOSyYyid o0.2ySNI YR {G§SN)YA
carefully documents the flood and its impacts.
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Between 0ne 6" and 8" of 1964, up to 14 inches of rain fell in aB6ur period, when streams were already
high from snowmelt.According to the United States Geological Survey (USGSi)ches of rain fell at thiease
of Sawtooth Ridge (Augusta 11 WNWiHd 4.7 inches were recorded in Augu®arfer and Stermitz, 1967).

The floodwaters rose rapidly, increasing on the Sun River (near Vaughn) from a mean daily flow of 4,260 cfs on
June 1 to 37,000 cfs on June 1@n June 8 rumors circulated that Gibson Dam had failed. A U.S. Forest Service

pilot was sent to investigate, finding a thréeot wall of water coming over the top of the dam (Spence, 2011;

Figure25). The USBR estimated 66,000 cfs at the dam, at least half of which was coming over the top. - The 200

foot tall dam held.

As Gibson Dam overtoppeithe river peaked ab3,500cfs at Vaughnwhich is over a 209ear even (Figure24).
As a comparison, a flow of 40,000 cfs is the typical peak runoff for the Yellowstone River at Glendive, Montana.

Hadley (1967) reportethat, in 19644 dzLJt YR SNRaA 2y 61 & ASOSNBE

Iy R

0 KI

deepened several feet and widened by about 25 feet. Near Dutton, the Teton River widened by about 100 feet.

The 1964 flood claimed 30 lives, most from the Blackfeet Reservation omvth&&dicine River south of
Browning. Flood damage was concentrated between the Dearborn River and Glacier NationM R4 kf the

i26y 2F ! dadzadl 6F& Aydzy RIGSRS FyR Ft22RAYy3 o6t &

Ly G 2RI &t a964ia0d tausidE$E74 million in damages.
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Figure24. Hydrograph for 1964 flood as measured at Vaughn gage.
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Figure25. Gibson Dam overtopping with over 3 feet of water on the dam crdsating 1964 flood (USGS).

-

2.4.3 The 1975 Flood
The 1975 flood was only a fraction of the 1964 flood. However, the 1975 flood is the second largest flood on
record, with the Sun River having peaked at 32,600 cfs on June 20. Landowners reported heavy damages fro
this event.

2.4.4 The 2011 Flood
During the winter of 20142011, watersheds all across Montana developed deep snowpack that persisted into
late spring. Flooding was pervasive statiele, with the most intense flooding occurring wherever spring rains
rapidly melted snowpack. At Vaughn, the peak was 14¢890n June 10, which is just over ayHar event.

2.4.5 The 2018 Flood
The 2018 flood was driven by rain; 7.5 inches of rain fell at Gibson Reservoir between June 16 and June 19. One
somewhat unusual gect of this flood is its late timing; whereas snowrgiven floods in this area are
common in May or early June, the 2018 flood happened after the second week of June. During the peak of the
event, the streets of Sun River were flood@eigure260 | YR 0 NBF R AydzyRlI GA2y SEGSYF
floodplain Further upstream, tributaries to the Sun River in Sun Canyon showed areas of extreme erosion and
instability. ¢ KS AYLJI Ola 2F GKS wnmy Ff22R 6SNB RSaAaONAOGSR A
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thousands of dollars of damages to their fences or property. Bridges built after the 1975 flood were washed
away. Drinking wells were contaminated. Culverts, geggsandLJA @2 14 6 SNBE RSAGNR&SR¢ o

The 2018 event can be considered a major, but not extreme, flood. Even so, it is tHartpast ever recorded
on the Rocky Mountain Front, exceeding ayBar event on both the Sun River and Elk Creek. Near Vaighn,
Sun River peaked out on June 21 at a mean daily fla\@,@00cfs. Probably the most important aspect of the
2018 flood was its duratierprior to the peak, water had been high for weeks from snowmelt runoff.

Figure26. 2018 flooding on Sun Rivemnd tributaries(Great Falls Tribune)

2.4.6 The 2019 Flood
The 2019 flood happened on Memorial D&yage data and eyewitness accounts indicate that although the
peak flood was relatively shalived, high water persisted for almoatweek after the flood crestHows on the
Sun River peaked out at820cfs at Vaughn on May 28, and flows remained at abouyadt event through
June 6.Some of the worst flooding was on Elk Creek in Augéstae27).

The Prairie Populist wrote an article comparing the 2018 and 2019 floods, and pointed out the difference in
timing, as the 2018 flood was unusually late in June, versus the typical latbiyhayater of 2019. Locals were

described as more prepared for this event with sandbags on hand and sump pumps in basements. But the
floods were similar in that they both followed a brutal winter that impacted calving. Both floods damaged
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fences and bars, and contaminated water. Key bridges were lost during both events
(http://prairiepopulist.org/augustaflood-2019/).

Figure27. View looking south down Highwa287 of flooding in Augusta, 2019 (from Scott Gasvoda).

2.5 Influence of Flood History on Channel Dynamics

Between 1953 and 1975, major floods typically occurred every 11 yedhe@un Rivefl1953, 1964, and 1975).
From 1975 until a few years ago, floodsresrelatively rare, with only two-gear floods (1981 and 2011)
occurring over 41 yearOver the last two years (2018 and 2019), flooding has been the rule rather than the
exception. These patterns are important when considering channel form an@mesilias floods can have a
major, longterm influence on stream stability and rates of change. The following section describes the flow
data with respect to its likely influence on stream process.

In snowmeltdriven stream systems, channel size and formstrongly influenced by spring runoff events.
Typical spring runoff is commonly estimated by-ge2r flow, or that flow that occurs on average every two
years. The2 SI NJ Ff 26 O0avHEO A& O2YY2yf @& dzaSR 0andpatemni 2 NI G
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The number of days in which ay2ar flood is exceededan also be used to estimate how mugtO K I y y' S f
FT2NXAY 3¢ Sy S bidhdtreant daringanySgNagn 8WRnt or series of events. This in turn can shed light
on the geomorphicchangeseen inany given stream, as increasedrations of flows over Q2 typically reflect
higher rates of sediment transport and sorting, and associated channel chasgeresult, channel forming
processeselate not only to how big a flood is (peak flow)tmow long it lasts (duration).

Each major flood described above is plottedrigure28, showing how many days flows exceededyear
discharge during that flood seasat Vaughn. This in turn can be used as a rough indication of how much work
was performed on the channel. The results show that 1953 and 2018 had the longest duration of channel
forming flows, and thus these floods have the potential to impart major nokhohange. In contrast, the 2019
event had the shortest duration of flows over gy@ar event. What is perhaps most relevant to this work is the
long duration of the 2018 event; clearly this flood had the potential to drive high rates of channel change.

Number of Days Q2 Exceeded From May 1-June 30
Sun River Near Vaughn USGS 06089000

30 28 27
25
19
20 16
14
10
I I 6
\ ]
1953 1964 1975 2011 2018 2019
Flood Season

Number of Days
[
(53]

w

W Days >Q2 5110 cfs

Figure28. Number of days a-2ear discharge was exceeded during major flood events, Sun River near Vaughn.

When taken in broader context, it is important to recognize that work is performed on channels all the time, not
just during major floods.Figure29 shows the number of days they2ar discharge was exceeded during any

year (not just flood years) on the Sun River near Vaughn. What is striking about this graph is the lack of channel
forming events since the 1975 flood. This is also showRigare30as a cumulative plot. The line shows a

distinct break in slope, with conditions that would support muchrenavork occurring prior to 1976.
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Total Number of Days Mean Daily Flow Exceeded a 2-Year Flood

Sun River Near Vaughn USGS 06089000
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Figure29. Number of days a-gear discharge was exceeded annually since 1934 on the Sun River near Vaughn.

Cumulative Number of Days Mean Daily Flow Exceeded a 2-Year Flood
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Figure30. Cumulative number of days that Sun Riilaws have exceeded a-gear flood event since 1934.
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Thedata shown irFigure30 showsan important
FaLISOd 2F GKS {dzy wA @9 —
From 1976 to 2018o¢ to 2011 in some areas), the ¥ .

river was quiet in terms of floedriven change. | &
TheSun Rverand its tributaries such as Elk Cree 7
narrowed and grew in with vegetatlonAn oo

2011. Vegetation encroachmentduaschannel
capacity makingthat channelespecially prone to |

This is a common phenomenon across the statef
grayQi 2yteé (GKS RNERdz3
that caused our riverto atrophy, but a much
longer period of minimal flooding thatdgan in

is that newcomers to the river corridor tao

direct experience regardingow much the river
can change with time, making the floods of 2018
and 2019 especially shocking to many.

2.6 Dikes and Levee

TheVaughn Leveeshown inFigure32 on the
following pageis the onlymajor flood control
structure we were able to map in the study area.
The levee is about 2.5 hes long, built in 1969 in
response to the 1964 floods. The levee protectg
250 households from Sun River floodwaters
(Kellogg, 2014)A second levee separates the
river from an old gravel pit on the south bank
about four miles upstream of Vaughn.

Figue 31. Sun River at RM 4¢ust below Lowry Bridgeshowing broad open bars in 1977

(top) and more dense riparian stands in 20{bottom).
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Figure32. Vaughn Levee showing conditions a decade aftevéts built (1978 air photo); blue shows 2019 Sun River course and
highlights large meander approaching and threatening levee.

2.7 Bank Armor

Bank armor was mapped where visible on air photos, Google Earth, or oblique photographs. Since there was no
ground inentory, the mapping probably captures a conservative estimate of the extent of bank armor on

current and historic channels. Additionally, the bank armor inventory has not assessment of condition or
functionality. Along the length of the Sun River, we peg4.7 miles of bank armor which covers abd@dt of

the total bankline. The bank armor consists of rock riprap, barbs, and other revetments such as root structures,
and potentially concrete rubble.

The extent and impact of bank armoring on the CM£&cdbed in more detail in Sectidinb.

2.8 Transportation Infrastructure

Transportation infrastructure, including roads, bridges, and railroads ateVailgie features that often have
extensive bank armoring associated with them. This is especially true where the feature parallels the channel.
Armoring will restrict the ability for a stream to migrate laterally in an effort to protect the feature from

damage. With the exception of local impacts at eight bridge crossings, the Sun River within the study area is
generally unaffected by transportation infrastructure.

2.9 Sand and Gravel Mining
A total of 41 gravel pits were mapped in the stream corridor, and all of therd@asmstream ofthe town of Sun
River in Reach SKHigure33). There are currently four permitted open cut sites within or adjacent to the
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stream corridor, indicating that the vast majority of pits @@t currently operating Figure34 shows the

number of new pits visible on each suite of imagery; the rate of development was fairly constant from the 1950s
until 2011 but has dampened since then. Prior to 2011, about six new pits per decade are visible on the
imagery.

Legend Gravel Pits below Sun River
© 1957
@ 1978
Vaughn
e 1995 ¢
@ 2009
® 2011 o @
[
@9 s: ‘ 76 @O
L 1 )
e Sun River ® [@0] SR1 @
s )
SR2 g o 0 @
i @
N
0 0.5 1 ; Souces: Esri, Delorme, HERE, TomTom, Intermap, increment P Corp., GEBCO, USGS, FAC, NPS, NRCAN,
e WIS GeoBsse, IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong), s wiss opo, and the
i GIS User Community

Figure33. Gravel pits visible on imagery showing first year of visible activity.
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Figure34. General rate of gravel pit development shown as first time pits wetgiblein imagery.
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3 Methods

The developmenof the Sun River Channel Migration Zone (CMZ) mapping is based on established methods

used by the Washington State Department of Ecology (Rapp and Abbe, 2003), and closely follows methodologies
used on over 1,200 miles of rivers in Montana.

3.1 Aerial Photogaphy

CMZ development from historic imagery is dependent on the availability of appropriate imagery that covers the
required time frame (50+ years), the spatial coverage of that imagerythe quality of the photosilt is

important to use imagery withhe best possible quality, scale, extent, and dates so that historic and modern
features can be mapped in sufficient deteéeveral imagery sourcase available for theSunRiver study area.

The most recent sources, steng around 1995 with the blaekndwhite Digital Orthophoto Quad imagery

(DOQ) and continuing through the current NAIP (National Agriculture Imagery Program) imagery, are freely
available in GE8ompatibleformat. The quality of these imagd®oth spatially and resolutiomanges from good

to excellent and they cover the entire project area.

Imagery older than 1995 must be acquired from various archival services as digital scans, and then mosaiced
into asingle spatiallreferenced image for use in the GIS. For this project, the historic imagery scans were
ordered from theUnited States Department of Agriculturd$DAAIr Photo Field Office (APFO) in Salt Lake City,
Utah.

A total of 79individual image were ordered from the APFO to cover two time periods for3haRiverg 57 for
1957 and 22 for 1977/78he 1970s imagery was collected in two different years, with 10 infages1978
covering the river upstream of Simms and 12 imadpged 1977coverng the river downstream. No significant
flood events occurred between the image suites, so they could be combined as single time Peeld&DA

scans were delivered as highsolution (12.5 micron) TIFF images, each approximately 330 MB iifsize.

were then orthorectified by Aerial Services, Inc. (ASI) in Cedar Falls, lowa, using NAIP imagery as the spatial
reference, providing identifiable ground control pointBablel lists imagery used for this project from the USDA
and archives of current GIS data setExamples of the imagery used in the analysis are showigure35
throughFigure39.

Tablel. Aerial photography used for th&unRiver Channel Migration mapping study.

Year Source Scale Number of Image Date Notes
Images
1957 USDA 1:20,000 57 7/10 to 7/18/1957 Highresolution Scans (black
APFO and-white)
1977/78 USDA 1:40,000 22 8/17/1977 Highresolution Scans (blaek
APFO 8/3/1978 and-white)
2013 NAIP  USDA ~ 1 meter NA Mostly 8/9/1995,  Digital Download,
resolution with remaining 7/1 Compressed County Mosaic
to 8/5/1995 (color)
2017 NAIP  USDA ~ 1 meter NA 7/3 10 7/17/2017  Digital Download,
resolution Compressed County Mosaic
(color)
2019 NAIP USDA ~1meter NA 7/27 t07/30/2019  Digital Download,
resolution Compressed County Mosaic
(color)
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1957 Imagery
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Figure36. Example 197/78 imageryupstream of Sun River.
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