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1.0 Introduction

Sanders County received grant funding from hentanaDepartment of Natural Resources and
Conservation (NRC) Renewable Resource Planning Grant programnducta Watershed Assessment

of the Middle Clark Fork RivePlains Reaci.he Middle Clark Fork River Plains ReRecovery

Committee which is comprised of local stakeholders includowalgovernmentofficials, landowners,

and business owners, is leading the effort to address lateral channel migration and streambank erosion
within the Plains Reacin February 2014, the Committee commissiofaSPEC to condact

assessment of the Plains Reaclthaf Clark Fork Rivemnddevelop a restoration plan for the entire

reach.

The Plains Reach exter@l® milesfrom Henry Creek to Lynch Creskng the town of Plawin western
Montana(Figure 11). This reach of th€lark Fork Rives located downstream dhe confluence with
the Flahead River and upstream dhompson Falls Dam, Noxon Rapids Dam and Cabinet Gorge Dam.
Within the Plains Reacthe Clark Fork River is a large meandering gravel bed ®mece the 1997 flood
event,localstakeholders have olesved increased lateral chanmalgration and streambank erosion,
along with a reduction in side channel connectiv@pecifiaconcerns identified by the stakeholders
include streambank erosion above and below a short section of riprap atatof Plans Waste
Water Treatment Plant (WWTP) outfall, the influence of hieoric 3" Avenue South Bridge pylons,
which remain in the channe reduction in flows in the west chanralring low flow periodsand
streambank erosiomaffectingboth private landsand businessealong the riverTo address the
identified concerns, this study focuses on the 1298 3 timeframesince stakeholders have observed
significant rates ofateral channel migration anstreambank erosion since the 1997 flood evand
becauseaerial imagery extending back to 1995 was readily available.

The Clark Fork River Plains Reach Assessment and Restoration Prioritizatiaossigtg of a review of
existing hydrologic da, a geomorphic assessmentCaamel Migration Zone analysis s&rteambank
erosionanalysisan evaluation of restoration alternativegroject prioritization and a review of

permitting requirements and potential funding sourc8he hydrologic assessment was performed to
characterize the flow regime within the PlaiReach. The geomorphic assessment was conducted within
the Plains Reach to characterize the existing channel conditions and examine changes in channel pattern
over time. The Chanhdligration Zone analysisas conducted along the Plains Reach to evaluate

future channel migration scenarios. The streambank erosion assessment examined areas of actively
eroding bank at the outsides of meander beraagl along midchannel bars. Based on this assessment, a
suite of restoration alternatives have been identifiedingprove conditions along the Plains Reach of the
Clark Fork River and restore natuchlnnelprocesses while ptecting critical infrastructurend
economically important land$’rojectsidentified during this assessment will require funding from
varioussources, with he immediate goal of obtaining funding froime DNR@enewable Resource

Grant and LoafRRGLprogram to proceed wittthe designand implementation ofestoration projects.



~ \ Project Area-
* Plains Reac

Figure 11. Plains Reach Overview



2.0 Hydrology

Within the Plans Reach of the Clark Fork River, the principal hydrology affecting channel form and
function is the maistem river flowHenryCreek and Lynch Creekhich are the upstream and
downstream boundaries for the study reach, respectivalgng withBoyer Crekand Combest Creek
which flow into the reachiepresent very small inputs to the overall systéfhe United States
Geological SurveyJSGpstream gag 12389000 (Clark Fork near Plains) MTocated within the sidy
reachapproximately 800 feedlownstream of Henry Creed&nd includes a drainage area of 19,958 square
miles This gage has a 102 year period of rec@Bd ?-present), which allows for a good statistical
analysis of the annual peak flow events. Within the period of record, however, two dares we
constructedon the Flathead River systampstream of Plains, both of which function to regulate flows
downstream. Kerr Dam was completed at the etittf Flathead Lake in 1938, whiteingry Horse Dam
was completed on the South Fdfkathead River in 195 Thus, a 60 year period of flow d4fi®54
2013)post-dam constructioris available for statistical analysis and is representative of the existing
conditions within the watershed.

A flood freguency analysis of the pedamannual peak flow dataset wasmpleted in accordance with
the USG guidelinesn Bulletin 17B (USA382) and Ibw values for various flood return intervals are
presented inTable 21. A flood frequency analysis of the entire annual peak flow dataset (2913)

was also completed to &Glitate a comparison of prand postdam dishargefrequency relationships
(Table 22). A comparison of the peak discharffequency relationships for the postam (19542013)

and complete (191:22013) periods of record reveal only a small reduction $thitirge values for the
different recurrence intervals after the dams (Kerr and Hungry Horse) were completed. The percent
reduction in flows varies between 3.594.5% for the recurrence intervals presented in the tables.
These results indicate that the irapt of upstream storage on flood discharge values for the Clark Fork
River at Plains is minimal. It should be noted, however, that an investigation of the specific management
strategies for each reservoir wasymond the scope of this study atite potentid for increasing the

effect of upstream storage on flood discharge magnitudes at Plains is not known.

Table 21. Peak Discharge in Cubic Feet per Second (cfe)S#S Gaging Station 12389000
for IndicatedRecurrence Intervals Pofdam Completion (1952013

Recurrence Interval

2-Year 5-Year 10-Year 50-Year 100-Year 500-Year

72,900 95,400 106,900 125,600 131,600 142,200

NOTEAIlthough a 66year, postdam period of record was statistically evaluated, the historic maximum flood recorded
in 1948 (134,000 cfs) was included in the flood frequency computations.

Table 22. Peak Discharge in Cubic Feet per Second (cfe)S%BS Gaging Station 12389000
for IndicatedRecurrence Interval§19122013)

Recurrence Interval

2-Year 5-Year 10-Year 50-Year 100-Year 500-Year

76,200 99,200 111,000 130,300 136,400 147,500




From both a sediment transport and channel restoration standpoint, approximating a bankfull discharge
is useful. A commonly accepted and universally applicable definition of bankfuliraxgided by Dunne

FYR [ S2LR2EtR 6MpTyOY G¢KS oFylFdzZt adlFrasS O2NNBaLR

the most effective, that is, the discharge at which moving sediment, forming or removing bars, forming
or changing bends and meanderadagenerally doing work results in the average morphologic

OKI NI Ol SNR & Bankidll everits typidally ViayeSafreburrence interval of 1.5 y&ased on

the computed floodrequency curve at the US@8ge, the 1.5ear recurrence interval dischge is
approximately 65,000 cfs. A qualitative analysis of the peak discharges throughout the period of record
demonstrate that flow magnitudes exceeding roughly 65,008,000 cfs, and the duration that flows
remain elevated above this range, have thesnhsignificant impact on bank erosion and channel
alteration.

As discussed in Section 1.0, this study focuses on thed99m o GAYSFNI YS A ¥aves KA OK
observed significant rates tdteral channel migration anstreambank erosion. The 192913
timeframeincludes twaflood events exceedg 100,000 cfs, with a peak of 110,000 cfs in 1997 and

104,000 cfs in 2011 &ble 23). Over the 102 period of record, streamflow has equaled or exceeded
100,000 cfs twenty times, with a maximum peak discharfgE34,000 cfs in 1948, followed by 128,000

cfs in 1964.

Table 23. USGS Gage 12389000 Peak Disch#9§&2013

Date Streamflow (cfs) Gage Height (Feet)

6/9/1995 73,700 13.37
6/11/1996 90,300 14.98
5/19/1997 110,000 17.10
5/28/1998 58,900 11.97
6/20/1999 63,000 12.49
6/18/2000 42,600 10.08
5/16/2001 29,300 8.27

6/4/2002 86,200 14.62
6/2/2003 66,400 12.74
5/30/2004 40,800 9.85

6/7/2005 69,800 13.08
5/22/2006 74,700 13.60
6/8/2007 50,100 10.95
6/3/2008 75,900 13.71
6/2/2009 58,100 11.86
6/18/2010 58,500 11.91
6/10/2011 104,000 16.53
6/20/2012 75,300 13.71
5/15/2013 63,700 12.47
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3.0 Geomorphology

3.1 Methods

A geomorphic assessmentas conducted within the Plains Reach of the Clark Fork River to characterize
the existingchannelconditions, examine changes in channel pattern over time, piadide a

foundation for the Channel Migration Zone Analysis presented in Section 4 and the Streambank Erosion
Analysis presdrd in Section 5Theexistingchannelconditions assessmemixaminedchamelwidth,
slope,sinuosity,confinement, anahe pool riffle sequenceExistingchannelconditions were evaluated

in Glusing 201National Agricultural Imagery PrograidAIB coloraerialimagery,along withfield
observations conducted in Februafypri 2014and survey datacollected in Apriand May 2014The

channel p#tern assessment examined the evolution of thetivechannelbetween 1995, 2005 and

2013 to documenbngoing channethanges ovethe past 18 yeard-or the channel pattern assessment,
the active channelas mapped based on baseflow conditions obsdimethe aerial imageryThe active
channelincludesboth the mainstem and side channels, along vékposed gravdbars. \égetated
islandswere also mapped and excluded from the active ctelrChangesn channel pattern over time

were assessedsing 5GDigitalOrthophoto Quarter Quadrangles (DOQ®kIck andwhite aerial

imagery from 1995 and NAt®lor aerial imagery from 2005 and 2Q1@th baseflow conditions

mapped at streamflowsangng from 7,510 cfs to 9,750 ¢fwhich is a difference of approximately 0.6

feet at the USGS gaging stati@rable 31). The «istingchannelconditions and channel patterns were
assessed within the 8.0 mildains Reackxtendingfrom Henry Geek downsream to Lynch Creek,

while an additional 1.1 miles waacludedwhen evaluatinghe pool riffle sequenc#o capture a

complete sequencat the upstream and downstream ends of the study reach.

Table 31. Aerial Photo Date and StreamflowiL995, 2005, and 2013

Year Date Mean Daily Streamflow (cfs)
1995 | 8/25/95 and 9/1/95 8,350 and 9,400
2005 8/27/2005 9,750
2013 8/21/2013 7,510
3.2 Results

The Plains Reeh of the Clark Fork River is a meandering gravel bed riveavitiol riffle morphology
that is confired in places by both mamadestructures(i.e. riprap)and natural bedrockutcrops. This
conditionis described as@ NH S RE L2 2t  MNMéntgdniery 3@ Buifikg®h9278and a C4
stream type(Rosger1996).Pool riffle channelsonsist of a ladrally oscillating sequence of pools and
riffles that causes scour on alternating banks. Pool riffle channels are gersediliyenttransport

limited, with sediment accumulatingn point barson the insides of meander bendsid onmid-channel
bars in areawith highwidth-to-depth ratics. In pool rifflechannels, the channel pattern results from
lateral channel migration, channel avulsion and floodiMgntgomery and Buffington 1997These
channels are susceptible to accelerated bank erosion, with theeahlateral channel migratiostrongly
influenced by the presence and condition of riparian vegetation (Rosgen Ma6)n the Plains Reach,
changes to channel pattern observed between 1995 and 2013 include an increased amount of exposed
gravel bars, ioreased active channel widtincreased sinuositygand deceased access to side channels.
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3.2.1 Existing Channel Conditions
The results of the existinchannelconditions assessmemtxaminingchannel width, slopesinuosity,
confinement, andhe pool riffle sequenceare presented in the following sections.

3.2.1.1Baseflow and Active Channel Widths

Based or85 crosssection measuremesstperformedin GlSusingthe 2013 NAIP aerial imagery, the
meanbasdlow (wetted) channel width is 660 feedt 7,510cfs with a medianwidth of 590 feet Figure

3-1, Figure 32 andTable 32). The mean activegbankfull)channel width is 1,049 feet, with a median

width of 1,011 feet The maximum baseflow channel width is 1,829 feet, while the maximum active
channel width is 251 feet.Between 1995 and 2013, the area occupied by the active channel (excluding
vegetated islands) increased 10% frapproximately875 acres to 970 acres, indicating the channel is
becomingwider within the Plains Reach.

2,500 =

2,000

1,500

1,000 .

Channel Width (Feet)

500 -~ =

Baseflow Channel Active Channel
Figure3-1. Baseflow and Actie Channel Widths, 2013

Table 32. Baseflow and Active Channel Width2013

Statistical Baseflow Channel Width| Active Channel Width
Parameter (Feet) (Feet)
Minimum 316 484
25th Percentile 469 775
Median 590 1,011
75th Percentile 736 1,224
Maximum 1,829 2,451

3.2.1.2 Slope and Sinuosity

For the8.0 mile reach of the Clark Fork River between Henry Creek and LynchtB@eesikuosityis

1.40and asurface water slopef 0.063%wasmeasued at53,700 cfs (11.37 feet) alay 7,2014

between the USGS gagi station and the confluence of Lynch Crdekld observations in February

April of 2014, along with the 2013 NAIP aerial imagery, indicate the channel slope is very low between
the town of Plains and the bedrock outcroptheé downstream end of Big Eddshere the channel is
comprised of aeries of long pools and glides. Channel slope increases downstream of the head of the
west channel, with a series of riffles and runs extending downstream past the head of trehaastl.
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w2013 Active Channel Cross Sections
S 2013 Base Flow
’ 2013 Active Channel
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Figure 32. Basefow and Adive ChannelCrossSection Locations, 2013



3.2.1.3 Channel Confinement

Both manmade obstructions and naturally occurring bedrock confine the channel in thesfRaimch of
the Clark Fork River. This assessni@entified approximately 4,00@eet of rock iprap between Henry
Creek and Lynch Creekhile an additional 4,600 feet of the river right bank along the town of Plains has
been stabilized using a variety of materigisluding old cars, concrete blocks, wooden poles, sheet
metal, and native rock mat&l. Within the Plains Reachpek riprapand other bank stabilization
measures have been implementatbng the railroad, River Road East, then of Plains, the
abutments of the 8 Avenue South Bridge, the Sand@wsunty Fairgrounds, th@arrisonHershibach
Property, and along th& ownof Plains WWTHEFigure 33). Natural channel confinemerdccurs athe
bedrock outcrop at the downstream end Bfg Eddy, along with periodic vallegnfinementalong river
left downstream of the island that separates thvest channel from the main chann@igure 34). In
addition, the 8" Avenue South Bridgeonstricts theriver to approximately896 feet, which is a 17%
constriction at bankfull flowsvhencompared to a mean active channel width of 1,04% fdbe bridge
is at an angl¢o the currentchannelconfiguration whichfurther constrictsthe flow, whilethe historic
bridge pylongemain in the channel, creatiradditionalturbulence as water passes under the bridge
(Figure 35 andFigure 36).

Figure 34. Bedrock Outcrop at Downstream End of Big Eddy
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Figure 35. 5" Avenue South Bridgé2009 NAIP Imagery)
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Figure 36. 5" Avenue South Bridgé~30,000 cfs)



3.2.1.4Pool Riffle Sequence

The pool iffle sequence describes the expecteeljuenceof channel features observed progressing

downstream along the longitudinal profile. Each feature occurs at a different channel slope and is

expressed as varying water velocities aleghths. A riffle occurs in the steepest part of the channel and

Ad RSTAYSR a aFlaidz akKltt2es gKAES GKS NYzy R24Yy
200dzNE Ay GKS RSSLISad LI NI 2F G§KS OKdowngtedmoF Yy R A &
GKS L22ft A& RSTAYSR a dqatz263x akl ff gigue38).yiRs LN
natural sequence athannelfeatures allows the river to effectively dissipate stream energy. Whan-m
made obstructions antledrockoutcrops are encountered, this sequence is adjusted to effectively
dissipate stream energy. When obstructions to the lateral migration of the channel are placed at
consecutive meander bends, stream energy is translated downstream and becomes focused on un
protectedareas, leading to accelerated bank erosiparticularly in areas lacking dense riparian
vegetation. Accelerated rates of bank erosion reguihcreased sediment supply, whichn cause the
channel to become out of equilibrium with the sedimesuipplyand flow regime under which the

channel pattern became established. This condition is observed in the Plains Reach of the Clark Fork
River extendindrom the town of Plains downstream past whete west channel and main channel
rejoin (Hgure 37 and Figure 39). The channel is out of equilibrium due tpstream channel
confinement,acelerated rates of bank erosion, and sediment deposition within the reach.
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Note that in areaswith mid K I yy St 6 NEZ I yia pobliyua &d gide aatyipidaly\6i63&vetietwéen the riffle crest
observed at the top of the bar and the riffle crest observed at the downstream end of the bar. Where this occurred, thkepgtir of channel
influenced by the miechannel bar was considered a riffle for therposes of evaluating the larger scale pool riffle sequence.

Figure 37. Lengthof Channel Classified &iffle, RunPooland Glide
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Figure 38. Channel Features within the Plains Reaétiffle , Run , Pogland Glide (Top to &tom)
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3.2.2 Channel Pattern

The channel pattern assessment examined the evolution of the ati@anderingchannel between
1995, 2005 and 2013 to document ongoing channel changes over the past 18wieiaisincludes
streamflow eventsexceeding 100,000 cfs in 1997 and 2(Hdr the channel pattern assessment, the
active channel was mapped based on baseflow conditions observed in the aerial inEgegactive
channel includes both the mainstem and sat@nnels, along with exposed gravel bars. Vegetated
islands were also mapped and excluded from the active chaBeékeen 1995 and 2013, lateral
channel migration and the rate of streambank erosion has accelerated downstream of the rock outcrop
below Bigeddy Figure 311). Changes to channel pattern observed between 1995 and 2013 inalude
increased amount of exposed gravel bars, increased sinuosity, increased active channel width, and
decreased access to side channfls side channels aggrade and abmndoned, lateral channel
migration has increased in the mainstem, resulting in additional sediment contributions from
streambank erosionAccelerated banlerosionhas led to sediment deposition on point bars, mid
channel bars, and at that heads of sid@nnels.Between 1995 and 2013, the area occupiectkgosed
gravel bars increase®b% fromapproximately 228 acres to 3%&res, indicatingxcess sediment
deposition is occurringvithin the Plains Readffrigure 310). This corresponded with a decreasettie
area occupied by vegetateéglands and an increase the area occupied by the active channel. During
this same timeframe, approximately 104 acres of floodplain lands were lost to bank erbsin.
majority of the eroded bank material is currently agted within thissedimenttransport limited reach,
with the coarse grained material typically accumulating on the next gravel bar downs(Féegune 3

12).
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Figure 310. Area Occupied by Gravel Bars, Vegetated Islands, and the Active Channel203385
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Figure 311. Channel Pattern: 1995, 2005 and 2013
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3.3 Discussion

The Clark Fork River in the Plains Reach is a large meandering gravel bed river that has experienced
increased lateral charel migration and streambank erosion since 1995. Accelerated streambank
erosion has increased the sediment loaithin the reach resulting in an expansion of gravel bars.
Sediment deposition at the heads of side channels has resulted in mor@nfltv main channel,
leadingto increased stream power and additional bank erosimthe channel becomes wider, its

ability to transport sediment is reduced. In respongdhe increased sediment loathe channel has
become steepebetween the head of the westhannel downstream past the head of the east channel
in order totransport out the excess sedimerithe conditions observed within the Plains Reach indicate
that the channel is out of equilibrium due tgstream channel confinemenaccelerated rates of bk
erosion and sediment deposition with the reachhe observed pool riffle sequencecisrently

adjusting to the increaseskediment load, with sediment contributed from eroding banks being
deposited on point bars, midhannel bars, and at that headssifle channels, which are being
abandoned as the Plains Reach transitions from a multichannel system to a single channel system.
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4.0 Channel Migration Zone Analysis

4.1 Methods

A Channel Migration Z@ (CMZ)analysiswas conducted along the Plains Re&xlexamine historic
channel migration and evaluate future channel migration scenalflibi&s assessment was conducted by
adaptingmethods described id Framework for Delineating Channel MigratéomegRapp and Abbe
2003 andmethods used irYellowstone Rer Channel Migration Zone Mappiithatcher et al2009)

The CMZ is an estimate of the area in which future channel migratight occurandcan be used for
planningdevelopmentand land managemersctivities within tte identified area. The CMZ not
intended to be used for regulatory purposes. The CMZ includes an assessment of theaHistoric
Migration Zone (HMZ), the development of an Erosion Buffientification of Avulsion Potenti#reas,
and incorporation oRestrictedMigration Areas

4.1.1 Historical Migration Zone

The Historical Migratio Zoneis the area occupied by the active channel over time. For the Plains Reach,
the HMZwvas delineatedy digitizing the active channel margm1995, 2005, and 201 GIS using

aerial imageryThe activechannel includes both the mainstem and side channels, along with exposed
gravel bars as discussed in Section B Additionto the 19952013 imageryhistoric aeriaimagery

from 1955, 1964, 1972, 1979, 1982, and 1990 was obtained from the Aerial Papiygrield Office

This imagery was obtained relatlydate in the projecand wasused to estimate the outer extent of the
activechannelduring the 1955 to 1995 timeframd& hus, the HMZ is based on the active channel in

1995, 2005, and 2013along withan estimate of theouter extent of thechannelmargin between 1955

and 1995.

4.1.2 Erosion Buffer

The Erosion Buffer is therea outside of the Historical Migration Zothet is prone to erosionThe
Erosion Buffer was developéar a 100 year planning pied using retreat rates measured within the
Plains Reach between 1995 and 2013. During the bank erosion assessment, 28&aiioss
measurements were performed in GIS on 14 eroding banks, withanannualretreat rate of 7.56 feet
(see Section 5.0). Bad on this retreat ratean Erosion Buffer of 756 feet was appliedH@Z to
evaluate the potential for future bank erosi@aver al00 year planning period

4.1.3 Avulsion Potential Area

TheAvulsionPotential Areais the area outside dhe Historical Myration Zondhat the channel may
occupy at some point in the future. Avulsion Potential Angase delineated based on overflow
channet and floodplain swales identifiegsing a 3aMeter DEM froml999andaerial imageryalong with
on-the-ground observatios coructed in FebruarApril, 2014.

4.1.4 Restricted Migra tion Area

The Resicted Migration Area ithe area in which mamade structures pvent futue channel
migration TheRestrictedVligration Areawas delineated alongprap, levees, roads and naihds, which
were identified throughan analysis oderialimageryand onthe-ground observations conducted in
FebruaryApril, 204.
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4.2 Results

The Channel Mration ZongCMZ)analysis incorporates the Histoidigration Zone (HMZ), Erosion
Buffer,Avulson Potential Areas, and Restricted Migration Areas to provide an estimate of future
channel migrationThe HMZanalysidndicates extensive lateral channel migration between 1995 and
2005 and between 2005 and 20&8hin approximately 2.5 miles extendifigom the large meander
bend across from Big Eddy downstream past the head of the east chanmesliew of historic aerial
imageryprior to 1995indicates that the channelalvnstream of the rock outcrop belo®ig Eddy was
relatively stable between 1964 ari®95, while the meander bengpstream of the rock outcrop below
Big Eddy waactively erodindFigure 41). Between 1955 and 1964, baakosion waobserved along
the river right bank upstream of the rock outcrop at Big Eddy and along the river lefoloanistream
of the bedrock outcrop beloBig Eddylikelyas a result of the 1964 flood event wh#re riverpeaked
at 128,000 cfs, whicts the second highest recorded flafter the 1948 flood event, which peaked at
134,000 cfgFigue 4-2).

Using the HM for the 19952013 timeframe and the estimated outer extent of the channel margin
between 1955 and 1995, an Erosion Buffer was developed to estimate lateral channel migration over a
100 year time periodTheErosion Bufferdentifies several areas wheugtical infrastructure and
economically impowdnt lands ardocatedwithin the CMZ, including:

wRiver Road West
wTownof Plains WWTP
wLawyer Nursery

Within the Erosion Bufferateral channel migration has been restrictdde tostreambank stabilization
at the following locations:

wRailroad

wRiver RoadEast

w ¢t29y 2F tflAYya
w5™ Avenue South Bridge
wSanders County Fairgrounds
wGarrisonHerschbacliProperty
wTownof Plains WWTP

The results of th&€€MZ aalysisfor the Plains Reach are presented-igure 4-3, with a detailed
examination othe area surrounding th&ownof Plains WWTP ifigure4-4.

4.3 Discussion

Channel Migration Zone mapping along the Plains Reach @ltrk& Fork River indicates that ongoing
lateral channel migration will likely pact bothcriticalinfrastructure and economically important lands.
A siteby-site analysis is provided in tmext section,followed by arevaluation of restoration
alternatives androject prioritization.
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1995 Active Channel
2005 Active Channel
2013 Active Channel
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Figure 42. 1948Flood Event (photo courtesy of Randy Garrison)




#-3¥%- Rock Riprap
©—0 Levee

E ~—— Valley Control

_g 2013 Active Channel
- 100 Year Erosion Buffer
Gy .
E] Restricted Migration Areas
| 2% Historic Migration Zone
. Avulsion Potential Areas

21



; ¥ Rock Riprap
Fi . ©—0 Levee

\
w 5’! ~ Valley Control
it! £ Historic Migration Zone
—— 2013 Active Channel

0. Avulsion Potential Areas
|:| 100 Year Erosion Buffer
I: Restricted Migration Areas

e % .

E;
vl

City Of Plains

Vicinity of theTown of Plai

D
n Zona

=

nsWWTP

e, %

Figure 44. Channel Migratio

e

22



5.0 Sr eambank Erosion Analysis

5.1 Methods

Streanbank erosion was assessaldngan 8.0mile reach of the Clark Fork Rivmtween Henry Creek
and Lynch Creek for an 18 year time frame extending from 1995 through 2084 of actively eroding
bankat the outstes of meander bends along mithiannel barsvere identified through a review of
aerial imagery and barlkcations were digitally mappédd GIS. This asssment examined bank retreat
using black and white USGS Digital Orthopti@tarter QuadrangleOQQslrom 1995 andJSDA
National Agiculture Imagery Program (NAIE)lor imageryfrom 2005, 2009, 2011 and 201&8ong with
field observations performed in February and March of 20d4ddition, &rial imagery fol955, 1964,
1972, 1979, 1982, and 1990 waistained from the AeriaPhotography Field Officghough this imagery
was obtained neathe end of the project andnly used for comparative purposes. A 1981 aerial image
from Montana Aerial Photography was also used for comparative purposes since thgiorswas too
course for detailed analysiBor each eroding bank, erosisrasmeasured inGlSat 20 crosssections
and the average rate of retreat was calculated for the 18 year period of réamrd1995 to 2013
(Figure 51). The maximum rate of banktreat was also measurefdr each bankand the mean annual
retreat rate was calculated for the 18 year period of rec@dsed on the mean annual retreat rate,
erosion overthe next 20 years was estimated for each eroding bank under the assuntpébn
condtions over the next 20 yeamwill resemblethoseobservedover the past 18 years, which inclutle
flood events exceedg 100,000 cfs in 1997 and 20(ke Setion 2.0).

Figure 51. Bank Erosion Cross Section Measuremexarple
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