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1.0 Introduction  
Sanders County received grant funding from the Montana Department of Natural Resources and 

Conservation (DNRC) Renewable Resource Planning Grant program to conduct a Watershed Assessment 

of the Middle Clark Fork River ς Plains Reach. The Middle Clark Fork River Plains Reach Recovery 

Committee, which is comprised of local stakeholders including local government officials, landowners, 

and business owners, is leading the effort to address lateral channel migration and streambank erosion 

within the Plains Reach. In February 2014, the Committee commissioned RESPEC to conduct an 

assessment of the Plains Reach of the Clark Fork River and develop a restoration plan for the entire 

reach.  

The Plains Reach extends 8.0 miles from Henry Creek to Lynch Creek along the town of Plains in western 

Montana (Figure 1-1). This reach of the Clark Fork River is located downstream of the confluence with 

the Flathead River and upstream of Thompson Falls Dam, Noxon Rapids Dam and Cabinet Gorge Dam. 

Within the Plains Reach, the Clark Fork River is a large meandering gravel bed river. Since the 1997 flood 

event, local stakeholders have observed increased lateral channel migration and streambank erosion, 

along with a reduction in side channel connectivity. Specific concerns identified by the stakeholders 

include streambank erosion above and below a short section of riprap at the Town of Plains Waste 

Water Treatment Plant (WWTP) outfall, the influence of the historic 5th Avenue South Bridge pylons, 

which remain in the channel, a reduction in flows in the west channel during low flow periods, and 

streambank erosion affecting both private lands and businesses along the river. To address the 

identified concerns, this study focuses on the 1995-2013 timeframe since stakeholders have observed 

significant rates of lateral channel migration and streambank erosion since the 1997 flood event and 

because aerial imagery extending back to 1995 was readily available.  

The Clark Fork River Plains Reach Assessment and Restoration Prioritization study consists of a review of 

existing hydrologic data, a geomorphic assessment, a Channel Migration Zone analysis, a streambank 

erosion analysis, an evaluation of restoration alternatives, project prioritization, and a review of 

permitting requirements and potential funding sources. The hydrologic assessment was performed to 

characterize the flow regime within the Plains Reach. The geomorphic assessment was conducted within 

the Plains Reach to characterize the existing channel conditions and examine changes in channel pattern 

over time. The Channel Migration Zone analysis was 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 bends and along mid-channel bars. Based on this assessment, a 

suite of restoration alternatives have been identified to improve conditions along the Plains Reach of the 

Clark Fork River and restore natural channel processes while protecting critical infrastructure and 

economically important lands. Projects identified during this assessment will require funding from 

various sources, with the immediate goal of obtaining funding from the DNRC Renewable Resource 

Grant and Loan (RRGL) program to proceed with the design and implementation of restoration projects. 
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Figure 1-1. Plains Reach Overview 
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2.0 Hydrology  
Within the Plains Reach of the Clark Fork River, the principal hydrology affecting channel form and 

function is the mainstem river flow. Henry Creek and Lynch Creek, which are the upstream and 

downstream boundaries for the study reach, respectively, along with Boyer Creek and Combest Creek, 

which flow into the reach, represent very small inputs to the overall system. The United States 

Geological Survey (USGS) stream gage 12389000 (Clark Fork near Plains, MT) is located within the study 

reach approximately 800 feet downstream of Henry Creek and includes a drainage area of 19,958 square 

miles. This gage has a 102 year period of record (1912-present), which allows for a good statistical 

analysis of the annual peak flow events. Within the period of record, however, two dams were 

constructed on the Flathead River system upstream of Plains, both of which function to regulate flows 

downstream. Kerr Dam was completed at the outlet of Flathead Lake in 1938, while Hungry Horse Dam 

was completed on the South Fork Flathead River in 1953. Thus, a 60 year period of flow data (1954-

2013) post-dam construction is available for statistical analysis and is representative of the existing 

conditions within the watershed. 

A flood frequency analysis of the post-dam annual peak flow dataset was completed in accordance with 

the USGS guidelines in Bulletin 17B (USGS 1982) and flow values for various flood return intervals are 

presented in Table 2-1. A flood frequency analysis of the entire annual peak flow dataset (1912-2013) 

was also completed to facilitate a comparison of pre- and post-dam discharge-frequency relationships 

(Table 2-2). A comparison of the peak discharge-frequency relationships for the post-dam (1954-2013) 

and complete (1912-2013) periods of record reveal only a small reduction in discharge values for the 

different recurrence intervals after the dams (Kerr and Hungry Horse) were completed. The percent 

reduction in flows varies between 3.5% ς 4.5% for the recurrence intervals presented in the tables. 

These results indicate that the impact 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 was beyond the scope of this study and the potential for increasing the 

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

Table 2-1. Peak Discharge in Cubic Feet per Second (cfs) at USGS Gaging Station 12389000 
for Indicated Recurrence Intervals Post-Dam Completion (1954-2013) 

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 
NOTE: Although a 60-year, post-dam period of record was statistically evaluated, the historic maximum flood recorded              

in 1948 (134,000 cfs) was included in the flood frequency computations. 

 
Table 2-2. Peak Discharge in Cubic Feet per Second (cfs) at USGS Gaging Station 12389000 
for Indicated Recurrence Intervals (1912-2013) 

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 
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From both a sediment transport and channel restoration standpoint, approximating a bankfull discharge 

is useful. A commonly accepted and universally applicable definition of bankfull was provided by Dunne 

ŀƴŘ [ŜƻǇƻƭŘ όмфтуύΥ  ά¢ƘŜ ōŀƴƪŦǳƭƭ ǎǘŀƎŜ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜ ŘƛǎŎƘŀǊƎŜ ŀǘ ǿƘƛŎƘ ŎƘŀƴƴŜƭ ƳŀƛƴǘŜƴŀƴŎŜ ƛǎ 

the most effective, that is, the discharge at which moving sediment, forming or removing bars, forming 

or changing bends and meanders, and generally doing work results in the average morphologic 

ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ŎƘŀƴƴŜƭΦέ Bankfull events typically have a recurrence interval of 1.5 years. Based on 

the computed flood frequency curve at the USGS gage, the 1.5-year recurrence interval discharge is 

approximately 65,000 cfs. A qualitative analysis of the peak discharges throughout the period of record 

demonstrate that flow magnitudes exceeding roughly 65,000 - 75,000 cfs, and the duration that flows 

remain elevated above this range, have the most significant impact on bank erosion and channel 

alteration. 

 

As discussed in Section 1.0, this study focuses on the 1995-нлмо ǘƛƳŜŦǊŀƳŜ ƛƴ ǿƘƛŎƘ ǎǘŀƪŜƘƻƭŘŜǊΩǎ have 

observed significant rates of lateral channel migration and streambank erosion. The 1995-2013 

timeframe includes two flood events exceeding 100,000 cfs, with a peak of 110,000 cfs in 1997 and 

104,000 cfs in 2011 (Table 2-3). Over the 102 period of record, streamflow has equaled or exceeded 

100,000 cfs twenty times, with a maximum peak discharge of 134,000 cfs in 1948, followed by 128,000 

cfs in 1964. 

 

Table 2-3. USGS Gage 12389000 Peak Discharge 1995-2013 

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 assessment was conducted within the Plains Reach of the Clark Fork River to characterize 

the existing channel conditions, examine changes in channel pattern over time, and provide a 

foundation for the Channel Migration Zone Analysis presented in Section 4 and the Streambank Erosion 

Analysis presented in Section 5. The existing channel conditions assessment examined channel width, 

slope, sinuosity, confinement, and the pool riffle sequence. Existing channel conditions were evaluated 

in GIS using 2013 National Agricultural Imagery Program (NAIP) color aerial imagery, along with field 

observations conducted in February-April 2014 and survey data collected in April and May 2014. The 

channel pattern assessment examined the evolution of the active channel between 1995, 2005 and 

2013 to document ongoing channel changes over the past 18 years. For the channel pattern assessment, 

the active channel was mapped based on baseflow conditions observed in the aerial imagery. The active 

channel includes both the mainstem and side channels, along with exposed gravel bars. Vegetated 

islands were also mapped and excluded from the active channel. Changes in channel pattern over time 

were assessed using USGS Digital Orthophoto Quarter Quadrangles (DOQQs) black and white aerial 

imagery from 1995 and NAIP color aerial imagery from 2005 and 2013, with baseflow conditions 

mapped at streamflows ranging from 7,510 cfs to 9,750 cfs, which is a difference of approximately 0.6 

feet at the USGS gaging station (Table 3-1). The existing channel conditions and channel patterns were 

assessed within the 8.0 mile Plains Reach extending from Henry Creek downstream to Lynch Creek, 

while an additional 1.1 miles was included when evaluating the pool riffle sequence to capture a 

complete sequence at the upstream and downstream ends of the study reach. 

Table 3-1. Aerial Photo Date and Streamflow: 1995, 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 Reach of the Clark Fork River is a meandering gravel bed river with a pool riffle morphology 

that is confined in places by both man-made structures (i.e. riprap) and natural bedrock outcrops. This 

condition is described as a άŦƻǊŎŜŘέ Ǉƻƻƭ ǊƛŦŦƭŜ ƳƻǊǇƘƻƭƻƎy (Montgomery and Buffington 1997) and a C4 

stream type (Rosgen 1996). Pool riffle channels consist of a laterally oscillating sequence of pools and 

riffles that causes scour on alternating banks. Pool riffle channels are generally sediment transport 

limited, with sediment accumulating on point bars on the insides of meander bends and on mid-channel 

bars in areas with high width-to-depth ratios. In pool riffle channels, the channel pattern results from 

lateral channel migration, channel avulsion and flooding (Montgomery and Buffington 1997). These 

channels are susceptible to accelerated bank erosion, with the rate of lateral channel migration strongly 

influenced by the presence and condition of riparian vegetation (Rosgen 1996). Within the Plains Reach, 

changes to channel pattern observed between 1995 and 2013 include an increased amount of exposed 

gravel bars, increased active channel width, increased sinuosity, and decreased access to side channels. 
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3.2.1 Existing Channel Conditions  

The results of the existing channel conditions assessment examining channel width, slope, sinuosity, 

confinement, and the pool riffle sequence are presented in the following sections. 

3.2.1.1 Baseflow and Active Channel Widths 

Based on 85 cross-section measurements performed in GIS using the 2013 NAIP aerial imagery, the 

mean baseflow (wetted) channel width is 660 feet at 7,510 cfs, with a median width of 590 feet (Figure 

3-1 , Figure 3-2 and Table 3-2). The mean active (bankfull) 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 2,451 feet. Between 1995 and 2013, the area occupied by the active channel (excluding 

vegetated islands) increased 10% from approximately 875 acres to 970 acres, indicating the channel is 

becoming wider within the Plains Reach. 

Figure 3-1. Baseflow and Active Channel Widths, 2013 

Table 3-2. Baseflow and Active Channel Widths, 2013 

Statistical 
Parameter 

Baseflow Channel Width 
(Feet) 

Active Channel Width 
(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 the 8.0 mile reach of the Clark Fork River between Henry Creek and Lynch Creek, the sinuosity is 

1.40 and a surface water slope of 0.053% was measured at 53,700 cfs (11.37 feet) on May 7, 2014 

between the USGS gaging station and the confluence of Lynch Creek. Field 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 outcrop at the downstream end of Big Eddy where the channel is 

comprised of a series 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 the east channel. 
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Figure 3-2. Baseflow and Active Channel Cross-Section Locations, 2013 
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3.2.1.3 Channel Confinement 

Both man-made obstructions and naturally occurring bedrock confine the channel in the Plains Reach of 

the Clark Fork River. This assessment identified approximately 4,000 feet of rock riprap between Henry 

Creek and Lynch Creek, while an additional 4,600 feet of the river right bank along the town of Plains has 

been stabilized using a variety of materials including old cars, concrete blocks, wooden poles, sheet 

metal, and native rock material. Within the Plains Reach, rock riprap and other bank stabilization 

measures have been implemented along the railroad, River Road East, the town of Plains, the 

abutments of the 5th Avenue South Bridge, the Sanders County Fairgrounds, the Garrison/Herschbach 

Property, and along the Town of Plains WWTP (Figure 3-3). Natural channel confinement occurs at the 

bedrock outcrop at the downstream end of Big Eddy, along with periodic valley confinement along river 

left downstream of the island that separates the west channel from the main channel (Figure 3-4). In 

addition, the 5th Avenue South Bridge constricts the river to approximately 896 feet, which is a 17% 

constriction at bankfull flows when compared to a mean active channel width of 1,049 feet. The bridge 

is at an angle to the current channel configuration, which further constricts the flow, while the historic 

bridge pylons remain in the channel, creating additional turbulence as water passes under the bridge 

(Figure 3-5 and Figure 3-6). 

  
Figure 3-3. Rock Riprap Upstream of Bank 5 (Left) and at the Town of Plains WWTP (Right) 

  
Figure 3-4. Bedrock Outcrop at Downstream End of Big Eddy 
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Figure 3-5. 5th Avenue South Bridge (2009 NAIP Imagery) 

Figure 3-6. 5th Avenue South Bridge (~30,000 cfs) 
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3.2.1.4 Pool Riffle Sequence 

The pool riffle sequence describes the expected sequence of channel features observed progressing 

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

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

ƛǎ ŘŜŦƛƴŜŘ ŀǎ άŦŀǎǘΣ ǎƘŀƭƭƻǿέΣ ǿƘƛƭŜ ǘƘŜ Ǌǳƴ ŘƻǿƴǎǘǊŜŀƳ ƻŦ ŀ ǊƛŦŦƭŜ ƛǎ ŘŜŦƛƴŜŘ ŀǎ άŦŀǎǘΣ ŘŜŜǇέΦ ! Ǉƻƻƭ 

ƻŎŎǳǊǎ ƛƴ ǘƘŜ ŘŜŜǇŜǎǘ ǇŀǊǘ ƻŦ ǘƘŜ ŎƘŀƴƴŜƭ ŀƴŘ ƛǎ ŘŜŦƛƴŜŘ ŀǎ άǎƭƻǿΣ ŘŜŜǇέΣ ǿƘƛƭŜ ǘƘŜ ƎƭƛŘŜ downstream of 

ǘƘŜ Ǉƻƻƭ ƛǎ ŘŜŦƛƴŜŘ ŀǎ άǎƭƻǿΣ ǎƘŀƭƭƻǿέ ŀƴŘ ǇǊŜŎŜŘŜǎ ǘƘŜ ǊƛǾŜǊ ƎƻƛƴƎ ƻǾŜǊ ǘƘŜ ƴŜȄǘ ǊƛŦŦƭŜ (Figure 3-8). This 

natural sequence of channel features allows the river to effectively dissipate stream energy. When man-

made obstructions and bedrock outcrops 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-

protected areas, leading to accelerated bank erosion, particularly in areas lacking dense riparian 

vegetation. Accelerated rates of bank erosion result in increased sediment supply, which can cause the 

channel to become out of equilibrium with the sediment supply and flow regime under which the 

channel pattern became established. This condition is observed in the Plains Reach of the Clark Fork 

River extending from the town of Plains downstream past where the west channel and main channel 

rejoin (Figure 3-7 and Figure 3-9). The channel is out of equilibrium due to upstream channel 

confinement, accelerated rates of bank erosion, and sediment deposition within the reach. 

Note that in areas with mid-ŎƘŀƴƴŜƭ ōŀǊǎΣ ŀƴ άƛƴǎŜǘέ ǎŜǉǳŜƴŎŜ ǿƛǘh a pool/run and glide was typically observed between 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, the entire length of channel 
influenced by the mid-channel bar was considered a riffle for the purposes of evaluating the larger scale pool riffle sequence.                                       
Figure 3-7. Length of Channel Classified as Riffle, Run, Pool and Glide 
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Figure 3-8. Channel Features within the Plains Reach: Riffle , Run , Pool , and Glide  (Top to Bottom) 
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Figure 3-9. Pool Riffle Sequence 
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3.2.2 Channel Pattern  

The channel pattern assessment examined the evolution of the active meandering channel between 

1995, 2005 and 2013 to document ongoing channel changes over the past 18 years, which includes 

streamflow events exceeding 100,000 cfs in 1997 and 2011. For the channel pattern assessment, the 

active channel was mapped based on baseflow conditions observed in the aerial imagery. The active 

channel includes both the mainstem and side channels, along with exposed gravel bars. Vegetated 

islands were also mapped and excluded from the active channel. Between 1995 and 2013, lateral 

channel migration and the rate of streambank erosion has accelerated downstream of the rock outcrop 

below Big Eddy (Figure 3-11). Changes to channel pattern observed between 1995 and 2013 include an 

increased amount of exposed gravel bars, increased sinuosity, increased active channel width, and 

decreased access to side channels. As side channels aggrade and are abandoned, lateral channel 

migration has increased in the mainstem, resulting in additional sediment contributions from 

streambank erosion. Accelerated bank erosion has led to sediment deposition on point bars, mid-

channel bars, and at that heads of side channels. Between 1995 and 2013, the area occupied by exposed 

gravel bars increased 36% from approximately 228 acres to 355 acres, indicating excess sediment 

deposition is occurring within the Plains Reach (Figure 3-10). This corresponded with a decrease in the 

area occupied by vegetated islands and an increase in the area occupied by the active channel. During 

this same timeframe, approximately 104 acres of floodplain lands were lost to bank erosion. The 

majority of the eroded bank material is currently retained within this sediment transport limited reach, 

with the coarse grained material typically accumulating on the next gravel bar downstream (Figure 3-

12). 

Figure 3-10. Area Occupied by Gravel Bars, Vegetated Islands, and the Active Channel, 1995-2013 
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Figure 3-11. Channel Pattern: 1995, 2005 and 2013 
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Figure 3-12. Streambank Erosion and Sediment Deposition, 1995-2013
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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 channel migration and streambank erosion since 1995. Accelerated streambank 

erosion has increased the sediment load within the reach, resulting in an expansion of gravel bars. 

Sediment deposition at the heads of side channels has resulted in more flow in the main channel, 

leading to increased stream power and additional bank erosion. As the channel becomes wider, its 

ability to transport sediment is reduced. In response to the increased sediment load, the channel has 

become steeper between the head of the west channel downstream past the head of the east channel 

in order to transport out the excess sediment. The conditions observed within the Plains Reach indicate 

that the channel is out of equilibrium due to upstream channel confinement, accelerated rates of bank 

erosion, and sediment deposition with the reach. The observed pool riffle sequence is currently 

adjusting to the increased sediment load, with sediment contributed from eroding banks being 

deposited on point bars, mid-channel bars, and at that heads of side 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 Zone (CMZ) analysis was conducted along the Plains Reach to examine historic 

channel migration and evaluate future channel migration scenarios. This assessment was conducted by 

adapting methods described in A Framework for Delineating Channel Migration Zones (Rapp and Abbe 

2003) and methods used in Yellowstone River Channel Migration Zone Mapping (Thatcher et al. 2009). 

The CMZ is an estimate of the area in which future channel migration might occur and can be used for 

planning development and land management activities within the identified area. The CMZ is not 

intended to be used for regulatory purposes. The CMZ includes an assessment of the Historical 

Migration Zone (HMZ), the development of an Erosion Buffer, identification of Avulsion Potential Areas, 

and incorporation of Restricted Migration Areas. 

4.1.1 Historical Migration Zone  

The Historical Migration Zone is the area occupied by the active channel over time. For the Plains Reach, 

the HMZ was delineated by digitizing the active channel margin in 1995, 2005, and 2013 in GIS using 

aerial imagery. The active channel includes both the mainstem and side channels, along with exposed 

gravel bars as discussed in Section 3.1. In addition to the 1995-2013 imagery, historic aerial imagery 

from 1955, 1964, 1972, 1979, 1982, and 1990 was obtained from the Aerial Photography Field Office. 

This imagery was obtained relatively late in the project and was used to estimate the outer extent of the 

active channel during the 1955 to 1995 timeframe. Thus, the HMZ is based on the active channel in 

1995, 2005, and 2013, along with an estimate of the outer extent of the channel margin between 1955 

and 1995. 

4.1.2 Erosion Buffer  

The Erosion Buffer is the area outside of the Historical Migration Zone that is prone to erosion. The 

Erosion Buffer was developed for a 100 year planning period using retreat rates measured within the 

Plains Reach between 1995 and 2013. During the bank erosion assessment, 261 cross-section 

measurements were performed in GIS on 14 eroding banks, with a mean annual retreat rate of 7.56 feet 

(see Section 5.0). Based on this retreat rate, an Erosion Buffer of 756 feet was applied to HMZ to 

evaluate the potential for future bank erosion over a 100 year planning period. 

4.1.3 Avulsion Potential Area 

The Avulsion Potential Area is the area outside of the Historical Migration Zone that the channel may 

occupy at some point in the future. Avulsion Potential Areas were delineated based on overflow 

channels and floodplain swales identified using a 3-Meter DEM from 1999 and aerial imagery, along with 

on-the-ground observations conducted in February-April, 2014. 

4.1.4 Restricted Migra tion Area  

The Restricted Migration Area is the area in which man-made structures prevent future channel 

migration. The Restricted Migration Area was delineated along riprap, levees, roads and railroads, which 

were identified through an analysis of aerial imagery and on-the-ground observations conducted in 

February-April, 2014. 
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4.2 Results 
The Channel Migration Zone (CMZ) analysis incorporates the Historic Migration Zone (HMZ), Erosion 

Buffer, Avulsion Potential Areas, and Restricted Migration Areas to provide an estimate of future 

channel migration. The HMZ analysis indicates extensive lateral channel migration between 1995 and 

2005 and between 2005 and 2013 within approximately 2.5 miles extending from the large meander 

bend across from Big Eddy downstream past the head of the east channel. A review of historic aerial 

imagery prior to 1995 indicates that the channel downstream of the rock outcrop below Big Eddy was 

relatively stable between 1964 and 1995, while the meander bend upstream of the rock outcrop below 

Big Eddy was actively eroding (Figure 4-1). Between 1955 and 1964, bank erosion was observed along 

the river right bank upstream of the rock outcrop at Big Eddy and along the river left bank downstream 

of the bedrock outcrop below Big Eddy, likely as a result of the 1964 flood event when the river peaked 

at 128,000 cfs, which is the second highest recorded flow after the 1948 flood event, which peaked at 

134,000 cfs (Figure 4-2).  

Using the HMZ for the 1995-2013 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 period. The Erosion Buffer identifies several areas where critical infrastructure and 

economically important lands are located within the CMZ, including: 

ω River Road West 

ω Town of Plains WWTP 

ω Lawyer Nursery 

Within the Erosion Buffer, lateral channel migration has been restricted due to streambank stabilization 

at the following locations: 

ω Railroad 

ω River Road East 

ω ¢ƻǿƴ ƻŦ tƭŀƛƴǎ 

ω 5th Avenue South Bridge 

ω Sanders County Fairgrounds 

ω Garrison/Herschbach Property 

ω Town of Plains WWTP 

The results of the CMZ analysis for the Plains Reach are presented in Figure 4-3, with a detailed 

examination of the area surrounding the Town of Plains WWTP in Figure 4-4. 

4.3 Discussion 
Channel Migration Zone mapping along the Plains Reach of the Clark Fork River indicates that ongoing 

lateral channel migration will likely impact both critical infrastructure and economically important lands. 

A site-by-site analysis is provided in the next section, followed by an evaluation of restoration 

alternatives and project prioritization. 
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Figure 4-1. Active Channel 1995, 2005, and 2013 Compared to 1955 (Left) and 1964 (Right) Aerial Imagery 
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Figure 4-2. 1948 Flood Event (photo courtesy of Randy Garrison)
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Figure 4-3. Plains Reach Channel Migration Zone   
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Figure 4-4. Channel Migration Zone in Vicinity of the Town of Plains WWTP 
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5.0 Str eambank Erosion Analysis  

5.1 Methods  
Streambank erosion was assessed along an 8.0 mile reach of the Clark Fork River between Henry Creek 

and Lynch Creek for an 18 year time frame extending from 1995 through 2013. Areas of actively eroding 

bank at the outsides of meander bends along mid-channel bars were identified through a review of 

aerial imagery and bank locations were digitally mapped in GIS. This assessment examined bank retreat 

using black and white USGS Digital Orthophoto Quarter Quadrangles (DOQQs) from 1995 and USDA 

National Agriculture Imagery Program (NAIP) color imagery from 2005, 2009, 2011 and 2013, along with 

field observations performed in February and March of 2014. In addition, aerial imagery for 1955, 1964, 

1972, 1979, 1982, and 1990 was obtained from the Aerial Photography Field Office, though this imagery 

was obtained near the end of the project and only used for comparative purposes. A 1981 aerial image 

from Montana Aerial Photography was also used for comparative purposes since the resolution was too 

course for detailed analysis. For each eroding bank, erosion was measured in GIS at 20 cross-sections 

and the average rate of retreat was calculated for the 18 year period of record from 1995 to 2013 

(Figure 5-1). The maximum rate of bank retreat was also measured for each bank and the mean annual 

retreat rate was calculated for the 18 year period of record. Based on the mean annual retreat rate, 

erosion over the next 20 years was estimated for each eroding bank under the assumption that 

conditions over the next 20 years will resemble those observed over the past 18 years, which included 

flood events exceeding 100,000 cfs in 1997 and 2011 (see Section 2.0). 

Figure 5-1. Bank Erosion Cross Section Measurement Example 


























































































































































