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MEMORANDUM

To: Dan Brewer, US Fish and Wildlife Service
From: Applied Geomorphology, Inc. and DTM Consulting, Inc.
Date: February 28, 2012
In Regards To: Phase 1 Clark Fork River Channel Migration Zone Map Development

The following memo contains a summary of work performed under Contract Order F11PX04684
between Applied Geomorphology, Inc. (AGI) and the US Fish and Wildlife Service. The primary objective
of the work is to compile historic and modern aerial photography into a GIS project, digitize banklines,
and perform a field reconnaissance in support of Channel Migration Zone (CMZ) mapping on the Clark
Fork River from Drummond, Montana to Milltown, Montana. AGI teamed with DTM Consulting, Inc. to
perform this work.

This project represents the first phase in the development of a CMZ map for the Clark Fork River
between Warm Springs, Montana and Milltown. CMZ map development has been identified as a means
of establishing baseline conditions of the river corridor, identifying areas of anthropogenic floodplain
isolation, assessing areas of potential for future erosion, and developing potential opportunities to
restore floodplain connectivity. Additionally, the maps are intended to improve stakeholder
understanding of river behavior, support management decisions, and help define sustainable corridor
boundaries. Completion of the overall mapping effort is scheduled for 2015, contingent on available
funding. Phase 1 consists of the compilation of baseline information for a portion of the total river
segment to be mapped, extending from Drummond downstream to Milltown. The data have been
compiled into a GIS project to facilitate the measurement of migration rates, analysis of data, and
generation of CMZ maps in future phases.

Specific tasks identified for this initial phase of CMZ development include the following:

¢ Air Photo Compilation and Bankline Digitization—Task 1 includes the acquisition of three sets
of aerial photography (1950s-60s, 1990s, and 2011) and the generation of bankfull boundaries
for each photo set.

e  Existing Data Compilation and Reconnaissance Field Investigation—Task 2 includes a
compilation of existing data into the GIS database, assessment of the flood history of the
project reach, and performance of a one-day field reconnaissance of the project area.

The results of the Phase 1 CMZ development are summarized below. A GIS project and data are
provided on DVD media, and the materials on that DVD are listed in Appendix A.

1. Channel Migration Zone Mapping

Channel Migration Zone mapping is based on the understanding that rivers are dynamic and move
laterally across their floodplains through time. As such, over a given time period, rivers 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 avulsion. The
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fundamental concept of CMZ mapping is to identify the corridor area that a stream channel or series of
stream channels can be expected to occupy over a given timeframe.

The methodology that we have applied to CMZ delineation is adapted from the techniques outlined in
Rapp and Abbe (2003) as well as Washington Department of Natural Resources (2004). The Channel
Migration Zone (CMZ) is defined as a composite area made up of the existing channel, the historic
channel (Historic Migration Zone, or HMZ), and an Erosion Buffer that encompasses areas prone to
channel erosion over the next 100 years. Areas beyond the Erosion Buffer that pose risks of channel
avulsion are identified as “Avulsion Hazard Zones” (AHZ).

The primary methods employed in developing the maps include air photo acquisition and incorporation
into a GIS environment, bankline digitization, migration rate measurements, and data analysis. The
mapping information and measured rates of channel shift are then utilized to define historic channel
locations and apply an erosion buffer to allow for future erosion. Once this buffer is established, areas
beyond the buffer prone to avulsion are mapped in the GIS, using supporting information derived from
air photos, GLO mapping, and inundation modeling results.

This project deliverable provides the foundation for CMZ development on the Clark Fork River from
Drummond to Milltown. Air photos have been acquired and incorporated into the GIS. Banklines have
been digitized, and the reach has been assessed on a reconnaissance level for geomorphic context.
However, the Historic Migration Zone (HMZ) has not been developed, and no analysis of bankline
movement has been performed to identify erosion hazard areas.

2. Project Location

The reach evaluated in this effort extends approximately 52.7 river miles from Drummond downstream
to the confluence with the Blackfoot River at Milltown, which is just upstream from the city of Missoula,
Montana (Figure 1). For the first few miles below Drummond (RM 52.7 to RM 50), the Clark Fork River
flows through a ~3,000 ft wide valley bottom that is bisected by the abandoned railroad grade. This
reach has had moderate bankline movement and one major bendway cutoff since 1956. From RM 50
downstream to RM 46.8, the river flows on the south side of the Interstate, and is narrowly confined
between the old abandoned railroad grade and the active rail line. At RM 46.8 the river crosses under
the Interstate, flowing along the north side of the highway to just below Bearmouth at RM 31.7. This
segment is confined between the Interstate and the frontage road, although in several areas the valley
is wide enough to support well-developed meanders. At several locations in this reach, however, the
river is channelized through excavated upland areas to accommodate the road network; this
channelization originally occurred as part of the rail line construction in the 1880s, and was
enlarged/relocated to accommodate the Interstate in the 1960s. At RM 31.7 the river flows under the
Interstate to the south side of the valley, where it is intermittently confined by either of the two rail
lines and/or the south valley wall. Immediately below the Rock Creek confluence at RM 17.5, the Clark
Fork River becomes a multi-threaded system with extensive open bars and side channels. This dynamic,
complex river pattern continues all the way to Milltown at RM 0. Over the past several years, the
lowermost mile of channel (RM 1 to RM 0) has been reconstructed into a single thread channel through
the old Milltown Dam impoundment.
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Figure 1. General location map of Clark Fork River Channel Migration Zone study reach.
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3. Aerial Imagery

The historic imagery used in CMZ development defines the historic footprint of channel location (HMZ),
and also provides the data used to measure historic rates of channel migration. As such, the imagery
has to be of sufficient scale and resolution necessary for detailed channel and bankline mapping. In
general, we have found that the earliest imagery suitable for these tasks is from the mid-1950s.
Subsequent imagery allows the assessment of channel changes through time. For this project, four sets
of imagery were integrated into the GIS project, ranging in age from 1956 to 2011(Table 1).

Table 1. Selected imagery, Drummond to Milltown reach.

Date Source Scale Coverage
8/16/1956 USGS 1:47,000 Upstream portion of reach
9/13/1961 USGS 1:32,600 Downstream portion of reach
7/31-8/19 1995 USGS 1:40,000 Complete
8/19-9/10 2011 USDA NAIP 1:12,000 Complete

The 1956 imagery is the earliest available product that offers both a workable scale and sufficient
coverage of the upstream half of the study reach. The downstream portion is covered by a 1961 image
set, which we consider to be analogous in scale and landscape condition. Both historic image sets were
purchased as high-resolution scans from the USGS EROS Data Center and then orthorectified by a
subcontractor (MapCon Mapping, Inc., Salt Lake City). The 1995 imagery is a grayscale product available
for immediate download from Montana NRIS. The 2011 NAIP is available for immediate download as
county-based mosaics. Both Missoula County and Deer Lodge County NAIP mosaics were used for this
project.

3.1 Scale and Quality of Images

The 1956 and 1961 image sets were purchased as high-resolution (25 micron) scans of twelve images
each. The scanned images were sent to the subcontractor for mosaicking and orthorectification.
Orthorectification was performed using the 2011 NAIP imagery and the USGS 10-meter National
Elevation Dataset (NED). The resulting mosaics are seamless and color-balanced.

Despite the wide range of capture scales (Table 1), all of the image sets permitted a digitizing scale less
than or equal to 1:1,500. However, a digitizing scale of 1:2,500 is adequate for CMZ work. Thus,
digitizing was performed at this scale for all image sets. None of the image sets contained quality issues
to complicate digitizing, and there were no breaks in the imagery to necessitate interpolation of
features. Table 2 includes detailed imagery specifications.
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Table 2. Summary of air photo quality and format.

Date of Reported Resolution Bankline Minimum Format
Imagery Horizontal Visibility Digitizing Scale
Accuracy
8/16/1956 +/-7m ~1.5m Good 1:1,500 Digital mosaics
9/12/1961 +/-7m ~1m Very Good 1:1,000 Digital mosaics
7/31-8/19 1995 +/-7m ~1m Very Good 1:1,000 Digital Ortho Quarter Quads
8/19-9/10 2011 +/-6m ~1m Excellent 1:1,000 Digital mosaics, county-wide

3.2 Hydrology

The hydrology within the project reach has been summarized to provide overall context with regard to
river process as well as to identify historic floods that may have affected channel conditions observed in
the imagery.

Mean daily flows at Turah (River Mile 6.0) for the 1985-2011 period of record show a typical snowmelt
hydrograph, with an average peak discharge in early June of 3910 cfs (Figure 2). Minimum flows are
typically experienced in August. The mean daily records also show a lowland melt spike in late April, and
high flow events in February and March that are probably associated with ice jamming.
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Figure 2. Mean daily hydrograph for the Clark Fork River at Turah Bridge, 1985-2001 (USGS Gage 12334550).

The flood history within the project reach has been recorded at a series of USGS gages that have
overlapping periods of record (Table 3). The longest gage record in the area is from the Clark Fork River
above Missoula; however, this station is located in East Missoula and records combined flows from the
upper Clark Fork and Blackfoot Rivers. Gages with shorter periods of record are located approximately 6
miles upstream of the Blackfoot river confluence at Turah Bridge, and another upstream of Drummond
at Gold Creek. Rock Creek is the largest tributary in the reach, joining the Clark Fork at RM 17.5, which is
between the Turah and Gold Creek gaging stations. Table 3 shows a summary of discharges and
recurrence intervals for all floods equal to or exceeding a 5-year flood on the Clark Fork River gages, as
well as for the Blackfoot River at Bonner.
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Table 3. Peak flow gage records used to identify flood events in project reach; Rl is Recurrence Interval.

Clark Fork Above Missoula Blackfoot at Bonner USGS Clark Fork at Gold Creek
USGS 12340500 g 12340000 USGS 12324680 CTzr:sT; : oa(tlrg‘;’s"f ’; ;’fgs
(1930-2011) (1940-2011) (1978-2011)
Year Discharge RI Discharge RI Discharge RI Discharge RI
1947 24200 5-yr 12800 5-yr
1948 31500 25-yr 16300 10-yr
1953 28800 10-yr 18300 25-yr
1954 13300 5-yr No Data
1964 31700 25-yr 19200 25-yr
1972 27400 10-yr 15700 10-yr
1975 32300 25-yr 18100 25-yr
1976 25500 5-yr 14000 5-yr
1981 29500 10-yr 12000 50-yr
1986 6350 10-yr 9700 5-yr
1996 7160 10-yr 12400 10-yr
1997 27000 10-yr 16200 10-yr 9870 5-yr
2009 8510 5-yr
2011 28500 10-yr 17100 10-yr 6410 10-yr 13300 10-yr

Figure 3 shows Clark Fork River annual peak discharges in terms of flood frequency, which allows a
normalization of flood magnitudes between gages. Only floods exceeding a 5-year event are shown. As
the Turah gage does not have records prior to 1986; pre-1986 floods on the Clark Fork River upstream of
the Blackfoot River were estimated subtracting Blackfoot River flows from those measured on the Clark
Fork below the confluence. This estimation presumes that there are no major inputs to the Clark Fork
River above Missoula besides the mainstem Clark Fork (Turah) plus the Blackfoot River (Bonner). All of
the floods recorded peaked on the Clark Fork and Blackfoot within one day of each other indicating that
the peaks reflect the same event.

Since 1940, 15 events in excess of a 5-year flood have been recorded since 1940 (Figure 3). The 1948
event was a 25-year event on the Clark Fork River and a 10-year event on the Blackfoot. In contrast, the
1953 and 1964 floods were largely on the Blackfoot River. The 1975 event was a 25-year flood on both
the Clark Fork and Blackfoot Rivers. In 1981 a very large flood was recorded at Gold Creek, which is
upstream of the project reach. This flood event measured 12,000 cfs on May 22, 1981, and destroyed
several bridges in Deer Lodge. Below the Blackfoot Confluence, the Clark Fork River above Missoula
gage measured 29,500 on May 24, 1981, which is a 10-year event. Since that 1981 event, 10-year floods
have occurred in 1996 and 2001 in the project reach, and a 10-year event occurred on the Blackfoot
River in 1997.
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Figure 3. Historic flood events graphed by recurrence interval, Clark Fork River (Turah values pre-1986 are
estimated as the difference between Clark Fork River and Blackfoot River flows at Bonner).

Air photos used in this analysis are from 1956, 1961, 1995, and 2011. The earliest flood evidence
captured by the 1956 and 1961 imagery occurred in 1948, as the 1953 flood was primarily a Blackfoot
River event. As such, this suite of photos should be largely unbiased by short-term flood effects. The
1995 imagery is similar in that no flooding had occurred between 1986 and that event. The 2011 air
photos were collected after spring runoff of that year, just after a 10-year flood event. As a result, it will
be important to consider that this imagery incorporates impacts of flooding.

The 2011 flood event on the Clark Fork River is notable in terms of both its magnitude and duration.
Whereas the median spring runoff peak at the Turah gage is just over 3,000 cfs, on June 11, 2011 the
river peaked at 12,700 cfs (Figure 4). In terms of duration, the 2011 snowmelt runoff exceeded the
typical peak discharge for over 2 months, extending from mid-May through mid-July. This event
resulted in extensive bank erosion, sediment movement, and several avulsions, including one in the
newly-remediated channel segment at Milltown.
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Figure 4. 2011 hydrograph for Clark Fork River at Turah Bridge.

4. Summary of Results—Field Reconnaissance and Air Photo Evaluation

A one-day field reconnaissance was performed by the project geomorphologist on February 16, 2012.
Field maps were prepared from the GIS showing digitized banklines, geology, access locations, and river
miles. The visit consisted of a qualitative evaluation of system geomorphology, human impacts, 2011
flood indicators, and geologic controls on river behavior. The air photos were also reviewed to further
assess overall river behavior and human impacts within the reach. The following is a summary of these
observations, which are provided to help identify future considerations and opportunities in CMZ

mapping.

4.1 Transportation Infrastructure

From Drummond to Milltown, the Clark Fork River corridor has been intensively impacted by its
progressive development as a major transportation corridor. On September 8, 1883, a gold spike was
driven at Gold Creek to join the east-west portions of the Northern Pacific rail system, which closely
follows the Clark Fork River between Drummond and Missoula. The construction of the rail line
resulted in channelization and the isolation of extensive floodplain area. Natural vegetated riverbanks
were converted to either armored rail embankment or blasted bedrock (Figure 5). These changes in
channel course had already occurred by the 1956 imagery and are not captured in those photographs.
We were able to locate only one General Land Office (GLO) survey map that was drawn prior to the
railroad; it is from 1870 and covers the lower portion of the project reach. The mapping is coarse, but it
could potentially be used to provide a baseline pre-railroad condition in future CMZ mapping phases
(Figure 6). Several additional GLO maps are available from the early 1900s.

The corridor now has two rail grades; one is actively operated by Montana Rail Link (MRL), who leases
the line from BNSF Railway. A second rail ine is abandoned, and forms a discontinuous dike that
parallels the river corridor. In some areas, such as just below Drummond, the active rail line forms one
bank (right), and the abandoned line forms a dike on the immediate opposite bank (left). Where the rail
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line forms the channel bank, it tends to be armored with rock riprap. The abandoned line locally merges
with the active line, and in some places it has been removed to connect cultivated fields.

Figure 5. Channelized segment against original 1880s rail line, RM 44.5.

Figure 6. General Land Office (GLO) survey of the lower portion of the project reach dated 1870.

In the early part of the 20™ century a two-lane highway provided the only road access through the river
corridor. This highway also isolates a portion of the floodplain; however, it tends to follow the valley
margin to a much greater extent than either the rail line or Interstate. The federal Interstate highway
system began construction in Montana in 1956. When the Interstate was built, massive earthwork
further modified the valley edge, the river was relocated to accommodate the four lane road, the
frontage road was relocated, and more natural bankline and riparian area was lost. One example of this
change is shown on Figure 7, where the 1956 photo shows a thick riparian band on the right (north)
bank of the river, but in 2011 the river and frontage road had been relocated northward and both banks
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are riprapped and devoid of riparian vegetation. Figure 8 shows a typical section of highly confined

channel.

Legend
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Figure 7. Comparison of 1956 (left) and 2011 (right) photos showing channel relocation and loss of riparian margin with

construction of Interstate at River Mile 41.5. The 1956/1961 banklines are in yellow, and 2011 banklines are in red.

inement between frontage road (ri

Figure 8. View downstream showing river conf

4.2 Floodplain Isolation

Extensive areas of historic floodplain have been isolated from the river by transportation infrastructure. During

ght) and Interstate (left).

the field reconnaissance, no examples of floodplain reconnection through culverts or engineered overflows
were observed. The isolated areas include old channel swales, bounding riparian corridors, and variably
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vegetated floodplain surfaces. Wetlands are common in these areas, where low swales support emergent
wetland vegetation (Figure 9 and Figure 10).

-
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Figure 10. Isolated floodplain area behind frontage road.
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4.1 Post-1956 Meander Construction

At least two bendways within the project reach were constructed since 1956, and it appears that these
meanders have remained static for decades. There is essentially no topographic or riparian evidence of the
relatively straight 1956 channel on either the 1995 imagery or in the field, suggesting that the 1956 channel
course was relocated and then completely filled in, graded, and recovered as agricultural land (Figures 11 and
Figure 12). The relocated bends are conspicuous as they are massively armored with large, full-bank rock
riprap, which is unusually costly and aggressive bank protection for hayfields. These conditions suggest that the
work was performed to recover lost channel length as part of the Interstate construction, as the lengthened
channel is immediately upstream of a channelized segment. However, no record of this work could be found to
identify it as mitigation for impacts of the transportation system.
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Figures 11a-c. Changes at River Mile 45 showing creation of new bendway after 1956 and reclamation of old channel as
field; white dots on center line are tenths of a mile.
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Figure 12. View south across field that held river channel in 1956.

4.1 Channel Migration

Although much of the river has been confined by transportation encroachments and bank armor, there are
several areas where notable lateral channel movement has occurred since the late 1950’s. Channel migration is
most pronounced downstream of the Rock Creek confluence at RM 17.5, although significant change has also
occurred upstream in areas where confinement is relatively low. An example of this change is shown in Figure
13, where the river has migrated down-valley several hundred feet since 1956. Recent bank erosion has
threatened the road near Beaver Tail Hill (Figure 14).

& i
Legend

1956/1961 Bankline

banklines_1995

1956/1961 Bankline|
.

Figure 13. 1956 channel relocation and subsequent migration, River Mile 44; 1956 banklines
are in yellow and 2011 in red.
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Figure 14. View upstream of right bank erosion problems, Beaver Tail Hill.

4.2 Avulsions

In addition to bank migration, avulsions have occurred within the project reach. Between Drummond and Rock
Creek, some bendway cutoffs have occurred that are a form of avulsion. Downstream of Rock Creek, several
larger-scale avulsions have occurred where thousands of feet of channel have abruptly relocated. One example
of this process at RM 12 shows an avulsion of the main thread into smaller floodplain channels between 1956
and 2011 (Figure 15). The example in Figure 16 shows a major avulsion that occurred since 2009, probably

during the flood event of last spring.
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Figure 15. 1956-2011 avulsion at River Mile 12; 1956 banklines are shown in yellow.
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Figure 16. 2009-2011 avulsion at River Mile 10.

4.3 Bank Armor

Bank armor is extensive in the reach. The river is typically armored where it abuts roads or the railroad, typically
with large, full-bank rock riprap (Figure 17). Bioengineered bank treatments that support upper bank vegetation
were not observed during the field reconnaissance, although these techniques have been recently employed on

the restored channel segment at Milltown.

Figure 17. View upstream of typical full-bank riprap.

4.4 Restoration Potential
Due to the sheer magnitude of impacts to this stretch of river, there is significant opportunity for functional
improvements through riparian and floodplain restoration. In numerous cases, the floodplain is isolated by an
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abandoned rail line that could be locally breached or removed to reconnect floodplain area. High flow
connectivity could also be regained by strategically placing culverts through the embankments.

Riparian restoration strategies should consider the reconfiguration of full-bank rock riprap to a rock toe with a
vegetated upper bank. This would not allow for bank migration but would improve riparian cover and shading
on the stabilized bank. Where possible, the removal of bank armor and restoration of lateral channel migration
would greatly facilitate overall geomorphic function in the reach. This may be achievable where negative
implications of channel migration have been removed, such as along the abandoned rail line.

5. Summary and Recommendations

This baseline data compilation and reconnaissance field evaluation of the Clark Fork River from Drummond to
Milltown shows that within this reach the natural Channel Migration Zone of the river has been severely
encroached upon by transportation infrastructure. Available data do not allow pre-1883 (pre-railroad) channel
mapping; however, impacts to the corridor due to Interstate Highway construction are mappable and
measureable. Although much of the system is armored and non-deformable, the river is locally very dynamic,
especially downstream of Rock Creek where active bank erosion and channel migration is prevalent and
avulsions have occurred in recent years.

The imagery acquired and orthorectified for this project will suffice for complete Channel Migration Zone
mapping. This mapping process would include the following next steps:

Conversion of mapped banklines to polygons showing channel footprint;

Merging of polygons to define Historic Migration Zone (HMZ);

Subdivision of project length into reaches of similar geomorphology;

Measurement of channel 1956/1961 to 2011 channel migration;

Statistical summary of migration distances;

Selection of appropriate migration statistic to define Erosion Hazard Area (EHA);
Application of reach-scale EHA to 2011 channel boundaries;

Mapping of floodplain channels prone to avulsion to define Avulsion Hazard Zone (AHZ);
Mapping of physical features such as dikes and bank armor;

10 Identification of areas of CMZ restricted by physical features.

WoONOU A WN R

To that end, we recommend that a field inventory be undertaken to map physical features (such as bank armor
and armored dikes) that directly impede channel movement. This information would most likely be collected
using a GPS mapping system by boat and would take approximately six field days. The remainder of the tasks
can be completed with the data compiled in this effort.
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7. Appendix A: Included GIS Datasets

Layer Name

Description

banklines_1956 61

1956 (upstream portion) and 1961 (downstream portion) banklines

banklines_1995

1995 banklines

banklines_2011

2011 banklines

centerline_2011

primary river channel centerline as interpreted from 2011 imagery

1956 and 1961 aerial photograph mosaics

1995 aerial photographs
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