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EXECUTIVE SUMMARY
The Elk Creek Watershed experienced major floods in 2018 and 2019 that inundated Augusta
and drove major changes along the stream channels within the drainage, including Elk, Ford,
Smith, and Goss Creeks. In the uppermost reaches of these drainages, the steep and relatively
confined channels carried massive amounts of sediment downstream, which drove bank
erosion, caused extensive damage to fence lines, breached beaver dam complexes, and
created extensive new gravel bar deposits. Further downstream around Haystack Butte, gravel
deposition locally obliterated the channel and created sections of dry channel where low flows
travel underground through the coarse gravels. Dense willow bottoms generally eroded less,
however in at least one wooded area the stream cut off a long meander and steepened,
threatening headgate operations due to local downcutting. Channel-spanning diversion
structures generally fared well, however associated infrastructure (culverts and ditches) were
heavily damaged. At least one siphon was completely torn out. As the creeks approach
Augusta, the valley bottoms widen and provide large floodplain areas for haying. Much of the
gravel delivered to these flatter, more meandering streams was deposited on point bars,
sometimes leaving several feet of new material on inside bends. This point bar growth drove
erosion on the opposite banks, sometimes into ditches and commonly through fence lines and
hayfields. At Augusta, headgates were overwhelmed by the high water and ditches routed
floodwaters across the floodplain, contributing to flooding issues in town.
In many areas, new gravel bars support willow and cottonwood seedlings, demonstrating the
role that floods play in creating new age classes of woody vegetation. The fishery is also
reported to have improved since the flood in some creek segments. The disturbances created
by these floods can also have long-term ecological benefits that will become more apparent with
time.
The stream channel changes created by the 2018 and 2019 floods are not yet complete. In the
near term, sediment deposits will continue to rework, sort, and adjust to the typical hydraulic
patterns in the creek. With time, in the absence of another big flood, open gravel bars will
vegetate and the streams will re-narrow. This pattern has happened repeatedly on Elk Creek;
floods move and deposit large amounts of open gravel bars that subsequently grow in
vegetation which narrows and stabilizes the stream. This results in a pattern of long stretches
of relatively low channel activity punctuated by short events that cause dramatic change. This
seems to be the case with many streams on the Rocky Mountain Front that rapidly transition
from structurally uplifted steep headwaters down to lower gradient glacial outwash plains.
This report describes the flood and its range of damages, while providing some context as to
flood history and patterns, as well as the role that floods play in overall stream health. This
report contains a summary of flood impacts based on site visits and interviews with 14
landowners in September 2019. Based on these observations, a series of flood mitigation and
resiliency recommendations has been developed for stakeholders engaged in post-flood
repairs, floodplain restoration, or flood risk reduction.
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1 INTRODUCTION
During the spring of 2018 and 2019, Elk Creek experienced major flooding that resulted in
extensive damage to irrigation infrastructure, roads, bridges, residential structures, and
productive agricultural fields. In an effort to characterize these impacts and develop response
strategies, the Lewis and Clark Conservation District (LCCD) secured funds to support a postflood assessment of the Elk Creek watershed.
The following report describes the results of the assessment that was performed during the fall
of 2019. The project team visited landowners in the river corridor, assessed flood impacts on
each property, developed conceptual rehabilitation alternatives to address those impacts, and
identified potential restoration and mitigation opportunities. The goal of the effort is to effectively
document the nature and impacts of these floods, and to identify means of responding to the
event that can support local economies while promoting the sustainability of both long-term land
uses and ecological function of Elk Creek and its tributaries. Figure 1 shows the distribution of
sites summarized during the assessment.

Figure 1. Project area showing sites described in this report; note mountainous headwaters of all three
tributaries and prairie conditions near Augusta.

Page | 2

POST-FLOODING HYDROLOGIC ASSESSMENT OF ELK, FORD, AND SMITH CREEKS

1.1 PREVIOUS WORK
In 2012, Great West Engineering and Watershed Consulting performed a “Phase 1 Stream
Assessment” of Elk Creek (GWE and WC, 2012). This assessment extended from the Montana
Highway 435 Bridge downstream to the crossing at Montana Highway 21. The objective of the
assessment was to examine and assess stream channel and riparian conditions, inspect
irrigation diversions, and rank potential project sites. The results included 10 sites ranked as
high priority and 12 as medium priority.
In June of 2019, Confluence Consulting performed a post-flood assessment of Elk Creek on the
Young and Mills properties near Augusta (CCI, 2019). The work was performed upon request
from the LCCD, as the two landowners requested permitting guidance from the landowners for
post-flood repairs. The report notes that Elk Creek has been modified upstream of Highway 287
by dredging, levees, and riprap installation. The assessment evaluated channel avulsions and
headgate damage near Augusta, provided permitting considerations, and discussed
recommendations for addressing flooding in Augusta, which included 1) a thorough hydrologic
and geomorphic investigation, and 2) development of a coordinated plan to address flooding
concerns and flood hazards.

1.2 ACKNOWLEDGEMENTS
This project is the direct result of strong collaboration between the Lewis and Clark
Conservation District, the Montana Department of Natural Resources and Conservation, and
local landowners in the Elk Creek watershed. Chris Evans of LCCD contacted many
landowners in the watershed to determine interest and gain permission to access private lands.
We would also like to thank Scott Gasvoda for sharing personal photos of the 2019 flood taken
from a private plane. But perhaps most importantly, we would like to extend our sincere
gratitude to the landowners along Elk, Smith, and Ford Creeks who were incredibly generous
with their time and insightful with their observations of flood impacts. Many of these landowners
who have been in the area for generations were able to provide us with important long-term
perspectives. Our field work took place as a major storm was arriving and people were busy
gathering cows, winterizing pipes, etc., yet landowners were still able to generously carve time
out of their very busy days to show us around. We found a wonderful community in this
watershed and feel extremely fortunate to have been able to spend time with a small portion of
it. To that end we hope that this compilation of data, observations, and recommendations
proves useful to people we visited with, as well as other stakeholders who live and work around
these streams.
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2 PHYSICAL SETTING
Ivan Doig effectively described the Rocky Mountain Front in This 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 steel-blue army of mountains, drawn in battalions 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 wide as if
split and hollowed by thunderblast upon thunderblast." Ivan Doig, This House of
Sky

The peaks, reefs, gorges, and crags described in This House of Sky capture the unique
grandness of scale in this area (Figure 2). The Rocky Mountain Front (“The Front”) in the
Augusta-Choteau area has long been recognized by geologists as a classic example of thinskinned, fold- and thrust-type 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 combination of mountain building processes with subsequent glaciation has
created a spectacular landscape where steep scarps on the eastward edge of limestone thrust
sheets grade into glacial outwash features. Streams such as Elk, Smith, and Ford Creeks that
flow northeastward off the front also provide critically important water resource threads, riparian
corridors, and wildlife migration routes.

Figure 2. Sunrise on the Rocky Mountain Front west of Choteau (Cronenwett, 2015).

The Elk Creek Watershed is 193.4 square miles in size, and major streams include Elk Creek,
Smith Creek, Goss Creek, and Ford Creek (Figure 3). Elk Creek itself, which is sometimes
called the south fork of the Sun River, is about 32 miles long, originating on the north flank of
Steamboat Mountain and flowing northeast to its confluence with the Sun River about five miles
northeast of Augusta, Montana.
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Figure 3. Map of Elk Creek Watershed near Augusta, MT.

2.1 GEOLOGY OF ELK CREEK DRAINAGE
Steamboat Mountain is a ~4-mile long cliff-forming ridge in the upper Elk Creek drainage that is
formed by dolomites and limestones (Figure 4). These limestone cliffs are the defining feature
of the Rocky Mountain Front, and they are common from headwaters areas down through the
upper reaches of Elk, Ford, and Smith Creeks (Figure 5). Erosion through the thrust sheets has
created unique stream systems that flow through repeating sequences of limestones and onto
the prairie to the east. Figure 7 shows a good example of how the Sun River cuts through a
series thrust sheets in Sun Canyon. Upper Ford, Smith, and Elk Creeks all flow through similar
geology in their upper reaches, and the geologic map shown in Figure 6 captures this. The
thrust faults are the black lines that have hatched “teeth”, and these teeth show the orientation
of the fault, as the fault dips towards the teeth. The map shows that in the headwaters of these
streams, the faults dip to the southwest, indicating that the thrust sheets have been pushed
northeastward, which is what forms the cliffs of Steamboat Mountain, Crown Mountain, and
Cyanide Mountain, all of which form the upper watershed boundary (Figure 3).

Figure 4. View west of Steamboat Mountain in the headwaters of Elk Creek (elevation.maplogs.com)
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Figure 5. Limestone thrust sheets in upper Ford Creek watershed.

Figure 6. Geologic map of watershed—parallel thrust faults in headwaters (marked by toothed black
lines) transition to folded mudstone and sandstones of the Two Medicine Formation mid-watershed and
glacial outwash gravels near Augusta (Vuke, 2014).

Page | 6

POST-FLOODING HYDROLOGIC ASSESSMENT OF ELK, FORD, AND SMITH CREEKS

Figure 7. Northward view of thrust sheets dissected by the Sun River near Augusta
(www.formontana.net).

Many of the streams on the Rocky Mountain Front originally formed as glacial outwash
channels. Well after the uplift of the mountains, the Cordilleran Ice Sheet intermittently covered
the western edge of Montana up until about 10,000 years ago. During that period 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 Pinedale Glaciation (~30,000 to 10,000
years ago). The Bull Lake ice is thought to have extended as far east as Choteau. The ice
sheets formed meltwater outwash channels that downcut into the landscape, and this process
may have driven the formation of Elk, Ford, and Smith creeks. According to maps of the ice
sheet margin, Ford and Smith Creek valleys as we know them were entirely covered by glacial
ice during the Pinedale glaciation (Figure 8).
According to William Alden (USGS, 1932), ice on the headwater branches of Willow, Ford, and
Smith Creeks combined in one glacier that extended about 10 miles out from the mountains.
He refers to this as the “Smith Creek Glacier”.
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Figure 8. Map showing extent of glacial ice in project area (white) showing ice cover on Ford, Smith, and
uppermost Elk Creek, general study area is shown in red polygon.

Another interesting geologic feature in the watershed is Haystack Butte (Figure 9). This
prominent cone-shaped butte feature is an eroded volcanic neck (solidified throat of a volcano
that carried lava to the surface) that is Eocene in age. Smith Creek flows around the butte on its
north side, and Elk Creek flows to its south. On July 8, 1806 Meriweather Lewis Referred to
Haystack Butte as Shishequaw Mountain, and described it as “a highly insulated conic mountain
standing several miles in advance of the Eastern Range of the Rocky Mountains”. He also
named Elk Creek “Shishequaw Creek”. Shishequaw is derived from an Algonkian noun
meaning rattle (http://www.lewis-clark.org/article/625).
Because of this geologic setting, with streams rapidly transitioning from high steep mountains
out onto a glacial outwash plain (Figure 1), a major geomorphic response during floods should
be expected. There is ample high elevation area for snow accumulation, steep confined
channels that can transport large quantities of glacial deposits downstream, and a broad flat
outwash plain below that is susceptible to both flooding and sediment deposition. As a result,
dramatic changes can occur from top to bottom if the right conditions occur.
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Figure 9. Haystack Butte.

2.2 BIOLOGICAL RESOURCES
The Rocky Mountain Front is not only of importance for its
geology and scenic beauty but also for the diverse wetland,
prairie and montane habitats and vegetation communities it
supports. The area is one of the nation’s most biologically
rich with virtually all pre-settlement plants and animals still
being present.

“I’ve seen seventeen different
grizzlies from my porch since
April”.
--Elk Creek Rancher

The fishery on Elk Creek consists rainbow trout, brown trout, and brook trout (MT FWP). The
management objectives for these fish are to maintain populations within historic levels providing
for a recreational fishery and consumptive use. According to FWP, habitat needs and activities
include: “Maintain habitat and stream flows of 16cfs. Improve water management to reduce
chronic dewatering. Work to maintain passage from Sun River for adfluvial spawning
migrations.”

3 FLOOD HISTORY
The flood history of Elk Creek and its tributaries provides important context regarding historic
and current channel dynamics and associated challenges to landowners. This section
describes available flow data from Elk Creek itself, which is very limited, and then provides
some broader context using gage information from the Sun River near Vaughn.
Unfortunately, gate records on Elk Creek are sparse. Table 1 lists the USGS gaging stations
that have data available for the Sun River watershed, and Figure 10 shows all of the peak flow
data plotted, with major flood events labeled. Figure 10 shows that the Elk Creek floods of
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1964, 1975, 2011, and 2018 all had similar flood signals down the Sun River, showing a
regional flooding condition rather than isolated flooding on Elk Creek.
Table 1. Stream gaging stations and periods of record, Sun River watershed.
Gaging Station Name
USGS
Period of Record
Number
Daily Flows
Peak Flows
Elk Creek at Augusta

6084500

1904-1924

1905-2018

Sun River near Vaughn

6089000

1934-2019

1934-2017

Sun River at Sun River

6087500

1905-1912

1906-1912

Sun River at Simms

6085800

1966-2019

1966-2019

Sun River below Willow Cr near
Augusta
Sun River near Augusta

6082200

1967-2019

1964-2017

6080000

1889-1940

1890-1960

Comment

Most measurements
1924 and earlier

Most peak flow data
1904-1930

Figure 10. Peak flow data for Sun River and tributaries.

3.1 ELK CREEK GAGE DATA
The Elk Creek stream gage (USGS 06084500) was fully operational for just 19 years in the
early 20th Century (1905-1924). The gage was located on the 287 Highway Bridge just south of
Augusta. While in operation the gaging station collected flow data on a daily basis. Since 1924
however, the only available data for the gage are three estimated peak flood discharges for the
floods of 1964, 1975, and 2018 (Figure 11). The total suite of available data indicates that the
1964 flood is the largest flood on record in Augusta, with an estimated discharge of 12,000 cfs.
Using flood frequency estimates based on basin characteristics (USGS Streamstats), the 1964
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flood was between a 50- and 100- year event. The 1975 flood at 8,500 cfs was between a 25and 50- year event, whereas the recent 2018 flood was a 10- to 25- year event. It should be
noted, however, that the basin area-based flood frequency estimates generated in the
Streamstats tool are commonly overestimated when compared to gage data; as shown in the
Sun River data below, these floods are likely to be statistically more extreme than the USGS
data suggest.
The mean daily data collected from 1905 to 1924 show that the mean annual discharge on Elk
Creek at that time ranged from about 40 to 200 cfs.

Figure 11. Flood peak estimates on Elk Creek (gage record is incomplete).
Table 2. Flood frequency estimates (USGS Streamstats) and approximate frequency of 1964, 1975, and
2018 floods.

Event (frequency)
1.5-Year
2-Year
5-Year
10-Year
25-Year
50-Year

Discharge (cfs)*
1,840
2,250
3,540
4,910
7,650
10,500

Elk Creek Stream Gage Flood Estimates

2018—6,580 cfs estimate (10 to 25-year flood)
1975—8,500 cfs estimate (25 to 50-year flood)
1964—12,000 cfs estimate (50 to 100-year
flood)

100-Year
14,400
200-Year
19,700
*Discharge estimates based on basin characteristics and calculated in Streamstats.

3.2 SUN RIVER NEAR VAUGHN—LONG TERM GAGE DATA
In order to get a better perspective of the hydrology of the Elk Creek watershed, a long-term
dataset from the Sun River near Vaughn is summarized below. This gage measures flow
contributions from the Upper Sun River, Lower Sun River, Elk Creek, and Muddy Creek
watersheds (Figure 12). The Elk Creek watershed is only about 10% of the total watershed
area above Vaughn, so the Elk Creek hydrologic signal at Vaughn is highly approximate. In
general, however, flooding in the Elk River watershed appears to correlate to overall Sun River
flooding, so the Vaughn gage data likely provides insight as to general hydrologic patterns in the
area.
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The Sun River gaging station near Vaughn (USGS 06089000) has continuously recorded daily
flows since 1934. These mean daily flows are complimented by instantaneous peak discharges
during flood events. Instantaneous peak flows are typically larger than mean daily flows, as
flood peaks commonly last for hours rather than days.

Figure 12. Subwatershed contributions to the USGS gaging station near Vaughn.

The annual instantaneous peak flow record for the Sun River near Vaughn gage is shown in
Figure 13, and flood frequency estimates for the gage are shown as horizontal lines on the plot.
These flood frequency estimates are statistically based on a long-term flow record and are
therefore more reliable than the Elk Creek flood frequency values shown in Table 2. The Sun
River data indicate that at Vaughn, the 1964 flood well exceeded a 200-year flood event. The
second highest peak was in 1975, this flood exceeded a 100-year event. Unfortunately, the
2018 and 2019 flood data have not been released to date, so the last flood peak published is
from 2017.
To identify all major floods on the Sun River, each peak flood was evaluated with respect to a
10-year flood event. Figure 14 shows all recorded floods at Vaughn that exceeded a 10-year
flood, and the bar height represents how much the 10-year flood was exceeded, so for example
the 1964 event was about 55,000 cfs larger than a 10-year flood. Since 1936, a total of 8 floods
have been larger than a 10-year event. The 2018 and 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 exceeded a 10-year flood and the 2019 flood did not.
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Figure 13. Annual Instantaneous Peak Discharges from 1934-2017, Sun River near Vaughn (USGS
06089000).

Figure 14. Instantaneous peak flow volumes in excess of a 10-year flood event; 2018 is based on mean
daily flow versus instantaneous peak.
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Flood Hydrographs from Sun River at Vaughn
Figure 15 shows a series of hydrographs for major Sun River floods. The hydrographs show
mean daily flow values, so for each flood the instantaneous peak may have been substantially
larger. For example, whereas the 1964 flood instantaneously peaked out at 53,500 cfs on June
9th (Figure 13), the highest mean daily flow for that event was 37,000 cfs on the following day.
The hydrographs are helpful as they characterize the nature of the flood; for example, the 2018
flood had a long period of high water prior to the flood peak in late June, whereas the 1964
hydrograph was fairly short duration, but with an extreme magnitude. The hydrographs also
show the timing of the floods. Whereas the 2018 flood peaked in late June, in 2019 the flood
was weeks earlier, on Memorial Day.
These hydrographs are described with respect to individual flood events below.
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Figure 15. Mean daily hydrographs for Sun River near Vaughn during 1953, 1964, 1975, 2018, and 2019 floods.
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3.3 MAJOR RECENT FLOODS
When visiting landowners, we were impressed by how many
“2018 was worse than 1964”.
locals clearly remember floods in the basin; a few
--Elk Creek Rancher
landowners had memories of the 1953 flood, but many
experienced the 1964 event. This was helpful as it provided
us with some first-hand descriptions of the nature and consequences of those floods. The
following section contains a brief summary of major flood events as we understand them.

The 1953 Flood(s)
The flood of 1953 was caused by heavy rains from May 24 to June 4. According to the USGS
(USGS, 1957), the persistent heavy rains caused flooding that “approached the disastrous flood
of June 1908”. This was a long duration event that was driven by three individual storms
(Figure 16). The early storms dropped snow in the high country that was subsequently melted
by rainfall events. During the first storm (May 24-26), Rogers Pass received 61.3 inches of
snow. A 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 a post-storm landslide. Over 200
bridges were washed out or impassable.
1953 flood damages in the Sun River drainage were about $8.3 million in today’s dollars.
Almost 600 people were evacuated. The Sun River at Vaughn peaked at 17,900cfs on June 4
with a gage height of 16.4 ft.
The three storms associated with the 1953 flood are visible as three distinct steps in the rising
limb of the Sun River hydrograph for that event (Figure 16).

Figure 16. Cumulative precipitation during spring of 1953 showing three distinct storm events on May 24,
May, 29, and June 3; Great Falls is shown on the topmost line (USGS, 1957).
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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 June 12
1964 to address how to document this “outstanding” event (Boner and Stermitz, 1967). The
resulting report, published in 1967, carefully documents the flood and its impacts.
Between June 6th and 8th of 1964, up to 14 inches of rain fell in a 36-hour period, when streams
were already high from snowmelt. According to the United States Geological Survey (USGS),
6.5 inches of rain fell at the base of Sawtooth Ridge (Augusta 11 WNW), and 4.7 inches were
recorded in Augusta (Boner 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 7th to 37,000 cfs on
June 10. On June 8 rumors circulated that Gibson Dam had failed. A U.S. Forest Service pilot
was sent to investigate, finding a three-foot wall of water coming over the top of the dam
(Spence, 2011; Figure 17). 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 overtopped, the river peaked at 53,500 cfs at Vaughn. The peak on Elk Creek
was estimated at 12,000 cfs, which is about 22% of the flow at Vaughn. As a comparison, a flow
of 40,000 cfs is the typical peak runoff for the Yellowstone River at Glendive, Montana.
Hadley (1967) reported that, in 1964, “upland erosion was severe” and that the North Fork of the
Sun River 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 on the Two Medicine
River south of Browning. Flood damage was concentrated between the Dearborn River and
Glacier National Park. Much of the town of Augusta was inundated, and flooding was described
as “much worse than the big flood of 1953”.
In today’s dollars, the 1964 flood caused $474 million in damages.

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. On Elk
Creek the peak was estimated at 8,500cfs on June 19, which is
about 26% of the Vaughn peak. Landowners reported heavy
damages from this event.

“1975 was more destructive
than 2019”.
--Elk Creek Rancher

The 2011 Flood
During the winter of 2010-2011, watersheds all across Montana developed deep snowpack that
persisted into late spring. Flooding was pervasive state-wide, with the most intense flooding
occurring wherever spring rains rapidly melted snowpack. At Vaughn, the peak was 14,800cfs
on June 10, which is just over a 10-year event.
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Figure 17. Gibson Dam overtopping with over 3 feet of water on the dam crest during 1964 flood
(USGS).

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 aspect of this flood is its late timing; whereas snowmeltdriven 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, at least a foot of water was flowing down
Main Street in Augusta (Figure 18). The late season flood threatened the beloved Augusta
rodeo, which always occurs on the last weekend in June (Figure 19). Further upstream,
tributaries to the Sun River in Sun Canyon showed areas of extreme erosion and instability
(Figure 20). The impacts of the 2018 flood were described in the Prairie Populist: “Landowners
suffered thousands of dollars of damages to their fences or property. Bridges built after the
1975 flood were washed away. Drinking wells were contaminated. Culverts, headgates,
headgates and pivots were destroyed”.
The 2018 event can be considered a major, but not extreme, flood. Even so, it is the thirdlargest ever recorded on the Rocky Mountain Front, exceeding a 10-year event on both the Sun
River and Elk Creek. Near Vaughn, the Sun River peaked out on June 21 at a mean daily flow
of 13,700cfs (the instantaneous peak has yet to be published). In Augusta, the instantaneous
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peak on Elk Creek was estimated at 6,580cfs on June 19. Probably the most important aspect
of the 2018 flood was its duration---prior to the peak, water had been high for weeks from
snowmelt runoff.

Figure 18. 2018 flooding on Main Street in Augusta (Great Falls Tribune/ Candi Shalz photo)

Figure 19. Augusta rodeo grounds during the 2018 flood (Prairie Populist).
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Figure 20. View down Norwegian Gulch in Sun Canyon showing major 2018 erosion between road
crossing and river (Missoulan.com/Sun Canyon Lodge photo).

The 2019 Flood
The 2019 flood happened on Memorial Day. Similar to 2018, the flood sent water down Main
Street in Augusta. Gage data and eyewitness accounts all tend to indicate that although the
peak flood was relatively short-lived, high water
persisted for almost a week after the flood crest.
“2018 was a flash flood, 2019
Mean daily flows on the Sun River peaked out at 9,040
went on and on”.
cfs at Vaughn on May 28, and flows remained at about
--Augusta area landowner
a 2-year event through June 6. Once again, water
was flowing down Main Street in Augusta (Figure 21,
Figure 22).

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 late May
high water 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 fences and barns, and contaminated
water. Key bridges were lost during both events (http://prairiepopulist.org/augusta-flood-2019/ ).
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Figure 21. 2019 flooding on Main Street in Augusta (kpax.com).

Figure 22. View looking south down Highway 287 of flooding in Augusta, 2019 (from Scott Gasvoda).
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3.4 THE IMPACT OF FLOODS ON STREAM CHANNELS
Between 1953 and 1975, major floods typically occurred every 11 years on Elk Creek (1953,
1964, and 1975). From 1975 until a few years ago, floods were relatively rare, with only two 5year floods (1981 and 2011) occurring over 41 years. And over the last two years (2018 and
2019), flooding has been the rule rather than the exception. These patterns are important when
considering channel form and resilience, as floods can have a major, long-term 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 snowmelt-driven stream systems, channel size and form are strongly influenced by spring
runoff events. Typical spring runoff is commonly estimated by a 2-year flow, or that flow that
occurs on average every two years. The 2-year flow (“Q2”) is commonly used by restoration
practitioners to design channel size and pattern as a result. The extent to which a 2-year flow is
exceeded on a stream can also be used to estimate how much work was performed on a
stream during any given event or series of events. This in turn can shed light on geomorphic
response of any given stream, as increased geomorphic work indicates higher rates of sediment
transport and sorting, and associated channel change. These processes relate not only to how
big a flood is (peak flow), but how long it lasts (duration).
Each major flood described above is plotted in Figure 23, showing how many days flows
exceeded a 2-year discharge during that flood season at 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 channel change. In contrast, the 2019 event had the shortest duration
of flows over a 2-year 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.

Figure 23. Number of days a 2-year 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. Figure 24 shows the number of days the 2-year
discharge was exceeded during any year (not just flood years) on the Sun River near Vaughn.
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What is striking about this graph is the lack of channel forming events since the 1975 flood. This
is also shown on Figure 25 as a cumulative plot. The line shows a distinct break in slope, with
conditions that would support much more work occurring prior to 1976.

Figure 24. Number of days a 2-year discharge was exceeded annually since 1934 on the Sun River near
Vaughn.

Figure 25. Cumulative number of days that Sun River flows have exceeded a 2-year flood event since
1934.

The importance of this data is to show that geomorphic processes associated with long
durations of high flows have likely been dampened over the past 50 years on both Elk Creek
and the Sun River. This would also suggest that, between 1976 and 2018, stream channels
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including Elk Creek narrowed and grew in with vegetation. An example of this is shown in
Figure 26, where open bar areas in 1975 converted to minimal exposed gravel in 2018.
Deposition and vegetation encroachment will in turn reduce channel conveyance and increase
roughness, both of which would increase flood risk during subsequent high water. And it also
shows that, for the last 50 years, landowners have experienced markedly few periods where
geomorphic change was a dominant process on local streams; Elk Creek was probably
contracted and overgrown prior to the flood of 2018.

Figure 26. Elk/Smith Creek confluence at the MT Hwy 435 Bridge showing open bars in 1975 (left) and
dense vegetation in 2017 (right).

4 IMPACTS FROM 2018 AND 2019 FLOODS
In September of 2019, we had the opportunity to visit with several landowners in the Elk Creek
watershed to look at flood impacts and discuss potential opportunities for post-flood remediation
and restoration. This chapter provides a summary of the types of flood impacts that were
observed. As would be expected with the discussion of physical setting in Section 2, the flood
impacts change significantly in the downstream direction. Upper reaches are relatively steep
and confined with large volumes of coarse sediment. Moving downstream, gravels are still
plentiful however the sediment becomes finer. As the valley bottoms widen and flatten, the
streams transition to a meandering planform with point bars that store flood sediment and drive
opposite bank erosion. Flooding near Augusta is a major issue due to broad floodplain
inundation as well as ditch and road networks that route floodwaters.
The upper watershed lies in a transitional area between the steep confined channels of the
Rocky Mountain Front, which is typically Forest Service Land, and less confined lower gradient
areas below (Figure 27). This transition makes these areas prone to rapid deposition as well as
downcutting. The types of flood impacts seen in the upper watershed include channel
deposition or scour, hillslope failure, floodplain deposition, and flooding. Streambank vegetation
in these areas is commonly fairly dense, which helps the channels resist rapid bank erosion.
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Figure 27. View upstream from Upper Ford Creek showing bedload deposition in “response reach” where
the creek leaves a steep confined canyon and flows into a broad valley bottom.

As Elk Creek and its tributaries flow down-valley towards Augusta, they continue to lose
confinement, drop their slope, and convert to more valley bottom streams that tend to meander
back and forth across a relatively wide floodplain (Figure 28). This section of our assessment is
around Haystack Butte.

Figure 28. Moderately confined valley bottom, Middle Elk Creek.
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As Smith and Elk Creeks approach their confluence just downstream of the Montana Highway
435 Bridge, they flow through valley bottoms that are typically about 1,000 feet wide. The
floodplain is irrigated for hay on both creeks, and much of the riparian area has been cleared
(Figure 29). The primary flood impacts in these areas included bank erosion, flooding,
headgate damage, and bridge issues. This reach is clearly transitional between the steeper
more confined upper watershed conditions above, and the expansive Elk Creek floodplain
below.

Figure 29. Unconfined valley bottom/hayfield, Lower Smith Creek.

About four miles southwest of Augusta, Smith Creek flows into Elk Creek near the MT Hwy 435
Bridge. From this point, all the upper tributary channels have joined Elk Creek, which flows
through Augusta towards its confluence with the Sun River. This area is relatively flat, and the
floodplain is broad (Figure 30). Pivot irrigation is common on the floodplain and low surrounding
benches. Road infrastructure becomes relatively dense, with roads running both parallel to and
across the creek. Flood impacts in this area consisted primarily of flooding, irrigation
infrastructure damage, and bank erosion.
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Figure 30. View north towards lower Elk Creek near Augusta showing open plains.

Figure 31 and Table 3 summarize the major issues and habitat considerations that were
documented in four zones extending from the upper tributaries down to Augusta.

Figure 31. General zones of Elk Creek watershed and locations of site visits

P a g e | 27

POST-FLOODING HYDROLOGIC ASSESSMENT OF ELK, FORD, AND SMITH CREEKS

Table 3. Range of flood impacts and habitat considerations observed in assessment.
Upper Tributary Sites
Issues
Elk, Ford, and Smith above Haystack
Flooding
√
Fence Damage
√
Headgate Damage
Culvert Problems
√
Ditch Problems
√
Bridge Issues
√
Siphon Damage
√
Bank Erosion/Channel Migration
√
Floodplain Deposition
√
Channel Cut/Fill
√
Dewatering
√
Avulsion
Debris Jams
√
Hillslope Failure
√
High Water Table
Habitat Considerations
Cottonwood Seedlings
Fish Habitat Rejuvination

Location
Middle Tributary Sites
Lower Tributary Sites
Elk and Smith near
Elk and Smith above
Haystack Butte
confluence
√
√
√
√
√
√
√
√
√
√

√
√

√
√
√
√
√
√
√

√
√

√

Lower Elk Creek
Elk Creek near Augusta
√
√
√
√
√
√
√
√
√
√
√
√

√
√

√
√

√
√

Typically, we would use pre- and post-flood air photos to help evaluate and document changes
caused by floods. For Elk Creek and its tributaries, we anticipated having fall 2019 air photos,
as a flight was scheduled for the entire state. This imagery from the National Agriculture
Imagery Program (NAIP) is collected every two years, so we do have pre-flood imagery from
2015 and 2017. Unfortunately, however, the 2019 flight was not fully completed in Montana due
to weather issues. Figure 32 shows a map of the imagery tiles that were not collected in 2019.
Although 2019 air photos will soon be available for the lower mainstem of the Sun River and
Muddy Creek, imagery for Elk Creek will only be available from about the MT Highway 435
Bridge downstream. That imagery has yet to be released, so due to timing constraints we have
not been able to use post-flood imagery in the following discussion. Rather, we have relied on
field notes and photos to capture flood impacts. Once the imagery becomes available, the sites
described below can be further evaluated to document flood-induced changes from both the
2018 and 2019 events.
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Figure 32. Imagery tiles that were scheduled for the 2019 flight but will be postponed until 2020; areas
with no tile overlay were flown in 2019 and imagery for these areas should be available in early 2020.

4.1 FLOODING
Although flooding was extensive throughout the watershed, it
“That water was headed right
was most pronounced around Augusta, where the river is
toward his kitchen sink!”
relatively flat and the floodplain relatively wide. In town,
--Augusta irrigator
flooding was severe in both 2018 and 2019. One of the
challenges in understanding the flooding dynamics in Augusta
is deciphering how the network of irrigation ditches, borrow ditches, and stream channels route
water. Road networks also affect flow paths by backwatering both at bridges and cross-valley
embankments, acting as floodplain levees. As a result of this network of man-made features,
water appears to have been routed in down valley as channelized flow, and backwatered at
embankments (Figure 33). Figure 34 shows a borrow ditch along Lovers Lane, which runs at a
high angle to the river corridor, carrying water in September. In several locations, landowners
described headgates being overwhelmed by floodwaters, “turning ditches into rivers”. This was
common above town, with headgates that feed Hogan’s Slough and Kenck Ditch reportedly
overtopping by about 0.5 feet and 1 foot, respectively (Figure 35). Another diversion on the east
end of the Converse property carries water under the highway to the north and to the Tee Bar
Ranch; this headgate had a damaged wingwall that was overtopped during the flood, reportedly
overwhelming the ditch and carrying flow north of the road embankment, contributing to flooding
in that area (Figure 36). In other areas, flow paths were altered by large debris jams that sent
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water onto the floodplain (Figure 37). Potential options to address flooding in Augusta are
provided in Section 5.5.

Figure 33. View south of 2019 flooding at Augusta; note backwatering at highway (from Scott Gasvoda).

Figure 34. Water flowing along borrow ditch, September 2019.
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Figure 35. View downstream of headgates that feed Kenck Ditch (left) and Hogan’s Slough (right); both
overtopped during the flood.

Figure 36. View upstream of damaged wingwall (broken concrete blocks at right) at head of ditch that
carries water north of Highway 435.
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Figure 37. Breached debris jam that contributed to flooding near Augusta.

4.1 ROADS AND BRIDGES
Bridges can be a persistent problem during floods, and there were localized bridge problems
throughout the watershed in 2018 and 2019. Even in the upper watershed, small floodplain
areas are “hour-glassed” through small bridges that can be challenged just conveying moderate
floodwaters (Figure 38). When high sediment loads and large wood are added to the flood
event, small bridges can be a major choke point that makes flooding worse upstream. Stream
crossings were a common discussion point with landowners, however the prohibitive cost of
large spans typically precluded bridge replacement on private crossings. In some areas, natural
overflows have been developed around bridges, and strategic adoption or creation of overflows
was recommended.
Figure 38 shows an example of a small bridge that had insufficient capacity for recent floods,
causing water to flow around the bridge and through corrals. This concentrated flood routing
through active cattle pens can both damage infrastructure and increase nutrient loading to the
creek. Where major in-channel deposition has occurred, bridge conveyance has commonly
been lost, such as on upper Smith Creek (Figure 39). And on Upper Elk Creek, wholesale
channel changes upstream of a County Road Bridge has perched the channel above portions of
the road ditch, causing water to flow down the ditch towards the bridge, even at low flows
(Figure 40). Elk Creek Road was severely damaged in places, although it had been repaired by
September.
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Figure 38. Example narrow bridge opening, Upper Ford Creek.

Figure 39. Aggradation upstream of bridge, Upper Smith Creek.
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Figure 40. Streamflow following borrow ditch along rebuilt road towards County Bridge EK5, Upper Elk
Creek.

The Montana Highway 435 Bridge at Smith Creek has some alignment issues, and landowners
indicated that its performance during high water was poor as a result. The high density of
bridge piers that are not perpendicular to the trend of the river essentially form a trash rack
under the bridge that is prone to debris collection and plugging (Figure 41 and Figure 42).
There are a total of 12 piers under the relatively small bridge. Only about half of the bridge is
accessed by most flows due to the alignment skew and old riprap that blocks the right side of
the bridge on its upstream side. Just downstream of the bridge, flows hit a riprapped left bank
head-on, which has damaged the rock.
While on the site it was apparent that bridge pier realignment or removal to better accommodate
flood flows and debris should be considered, and poorly located riprap in the upstream side of
the bridge could be removed to also expand the effective flow area under the structure.
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Figure 41. View downstream of bridge over Smith Creek at MT Hwy 435 showing pier obstructions; note
blocked opening on right and damaged left bank riprap below bridge.

Figure 42. Debris removed from bridge over Smith Creek.
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The bridges in the Augusta area were recently replaced, however landowners expressed
concerns that the replacement bridge spans were insufficiently sized to deal with flooding.

4.2 IRRIGATION INFRASTRUCTURE
In some areas of the mid-watershed, channel-spanning irrigation diversions performed well
during the flood, showing no evidence of structural damage. Some, such as the one shown
from Middle Smith Creek in Figure 43, experienced aggradation on their upstream sides, so
although it does not appear damaged, it will likely require some maintenance prior to next
spring’s irrigation season. Even though the concrete structure performed well, however,
hydraulic eddies on the downstream of the structure eroded out the canal embankment next to
it, which will require repair (Figure 44).
Middle Elk Creek showed similar conditions, with a cross-channel structure performing well
(Figure 45), but damage was concentrated at the adjacent diversion/culvert which crosses
under Elk Creek Road. The ditch on the other side of the road has completely aggraded with
bedload material because the road washed out (Figure 46). When the road was fixed, the
culvert was not replaced and it is currently sealed shut so the system is inoperable.

Figure 43. View across diversion dam on Middle Smith Creek that performed well during recent floodingflow direction is left to right.
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Figure 44. View down canal on Middle Smith Creek showing breached embankment on right.

Figure 45. Middle Elk Creek diversion structure that performed well during recent flooding.
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Figure 46. Receiving ditch from diversion structure shown above.

In contrast to upstream, most of the diversion structures in this area are stepped rock diversions
rather than concrete dams. The drop structures tended to perform well during the flood,
however headgates were commonly damaged (Figure 47).

Figure 47. Elk Creek diversion structure where headgate damage had been repaired
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Figure 48 shows a damaged headgate near Augusta that has yet to be repaired. The headgate
is inoperable due racked wood on the structure. In other places, headgate wingwalls were
damaged such that it will be difficult to control inflows into the ditch without repair (Figure 36).

Figure 48. Headgate damage near Augusta.

4.3 SIPHON DAMAGE
As irrigation siphons are typically buried a foot or two below small creeks, they are especially
prone to flood damage where stream downcutting occurs. On Upper Smith Creek, one siphon
was completely eroded out from the stream bed. The stream cut down, destroyed the siphon
pipe, and then was reburied by coarse permeable gravels such that it was a dry channel during
our site visit (Figure 49).
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Figure 49. Siphon crossing damage on Upper Smith Creek.

4.4 BANK EROSION
Another consequence of major sediment movement during a flood is bank erosion. When the
streams leave confined areas and start to have room to meander, they become much more
adept at storing sediment in areas of low relative velocity, typically on point bars. Point bar
deposition in turn puts pressure on the opposite bank, which is the mechanism for channel
migration via bank erosion. In most cases the erosion was most severe into hayfields that
supported little woody vegetation. Figure 50 and Figure 51 show two different scenarios of point
bar growth; the first is a location on upper Ford Creek where the channel rapidly eroded into a
hayfield—after the flood the channel was rerouted to its original course and the old channel
graded out as floodplain. In contrast, Figure 51 us an area on Upper Smith Creek where the
cutbank was strongly reinforced by mature trees; this area saw deposition on the point bar with
less impact on the opposite bank.
Stabilizing banks within the drainage requires consideration of the potential consequences of
addressing erosion at a large scale (see Section 5.4). A variety of bank stabilization techniques,
potential benefits and concerns, and permitting considerations are provided in Attachment A,
which include both soft (use of natural materials) and hard (large rock) approaches.
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Figure 50. Rapid right bank erosion followed by channel relocation to left, Upper Ford Creek.

Figure 51. View downstream of bedload deposition in “resilient” channel, Upper Smith Creek.
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Figure 52 shows an example were deposition on a large point bar put extensive erosion
pressure on the opposite bank, causing the bank to undercut and fail in large blocks. Another
example in Figure 53 shows how a large gravel bar has driven bank erosion, leaving a vertical
bank with wood stacked on top where flows left the channel.

Figure 52. View upstream showing bank erosion on un-vegetated north bank, Middle Smith Creek.

Figure 53. Racked wood marking overflow point on cutbank, Middle Elk Creek; note new gravel bar in
foreground.
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Bank erosion into hayfields is common in the lower reaches of Elk and Smith Creeks, and again
it is typically concentrated on natural cut banks that receive heavy erosive pressure due to point
bar deposition on the opposite bank (Figure 54). We spoke with one landowner who has moved
a ditch three times since the 2018 flood because of bank erosion (Figure 55). In some places,
field leveling has created a stepped floodplain, so that water on the floodplain returns to the river
over artificially high and steep banks, creating deep scour holes (Figure 56 and Figure 57).
Locally, good riparian buffers have added resiliency to the channel and reduced erosion rates.

Figure 54. Bank erosion into hayfield, Lower Smith Creek.

Figure 55. High gravel bar deposition and opposite bank erosion into ditch, Elk Creek.
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Figure 56. View downstream showing high left bank against leveled field.

Figure 57. Scour hole formed where floodwaters returned to channel.
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Similar to reaches upstream, severe bank erosion was a common landowner concern near
Augusta. And the mechanism was similar to upstream, with the heavy sediment load dropping
out on point bars and driving opposite bank erosion (Figure 58). Fences were extensively
damaged due to bank movement (Figure 76).

Figure 58. Typical point bar formation and opposite bank erosion into hayfield, lower Elk Creek.

Stabilizing eroding banks that have rapidly adjusted during flood events is often desired to
prevent further loss of productive agricultural lands or to protect infrastructure such as roads,
ditches / canals, utilities, residences, and ranch infrastructure. The ability to effectively slow or
halt further erosion depends on site specific factors such as channel morphology, bed substrate
composition, and grade. A variety of approaches to bank stabilization are provided in
Attachment A, and include a range of soft and hard techniques.

4.5 FENCE DAMAGE
Fences were damaged throughout the watershed during both
the 2018 and 2019 floods. One of the more frustrating issues
with fence loss is that the 2019 flood tore out long stretches of
fence that had just been replaced. In some locations, brand
new fences are hanging above the channel (Figure 59).
Fencing was frequently cited as the biggest issue for
landowners, because of its immediate impact on their ranching
operations and budgets.
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Figure 59. View downstream of fence undermining; note dry channel.

Figure 60. Bank erosion through fence line, Elk Creek below Augusta.
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4.6 CHANNEL CUT/FILL CYCLES
One of the most striking impacts of the 2018 and 2019 floods was how, in some places the river
deeply cut down, whereas in others it was entirely buried. This reflects the nature of sediment
transport, with sediment “slugs” generated that may not be fully sorted as floodwaters recede.
On Upper Ford Creek, for example, the 2019 event consisted mainly of downcutting through
large 2018 deposits and moving that material downstream, where it filled a channel segment
that was since excavated (Figure 61 and Figure 62). This demonstrates how the flood impacts
can change by year and by location.
The biggest issues with cut/fill cycles included bank stability in downcutting areas, and concerns
about irrigation infrastructure performance with changing creek bed elevations. Fortunately,
areas in the upper watershed commonly have bedrock outcrops that help hold channel grade
(Figure 63); these features prevent downcutting and thus can be used as natural grade control
structures.
Because the sediment loads were so high in these areas, in some cases the channel itself was
largely obliterated. In uppermost Elk Creek, for example,
deposition of massive amounts of gravel essentially buried the main
“If you need some gravel, I
channel, which will now need to redefine its path through the
know where you can find it”.
material (Figure 64). Further downstream, the Elk Creek channel
--Upper Elk Creek rancher
was buried upstream of a bridge crossing; by the fall of 2019 a pilot
channel had been excavated through that material (Figure 65).

Figure 61. Major flood deposit filling channel (right) followed by downcutting into new materials, Upper
Ford Creek.
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Figure 62. Excavated flood deposits below area of 2019 downcutting, Ford Creek.

Figure 63. Bedrock sill forming natural grade control, Upper Ford Creek
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Figure 64. Extensive in-stream deposition, upper Elk Creek.

Figure 65. Pilot channel excavated through aggraded section, Upper Elk Creek.
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4.7 DEWATERING DUE TO CHANNEL INFILLING
On Upper Smith Creek, channel infilling with coarse material
“What am I, God? If I could
essentially turned the old channel into a French drain, such
shut off the gravel I would”.
that, at low flow, all water flows sub-surface. This has
--Upper Elk Creek rancher
evidently been common on Smith Creek, although the 2018
and 2019 floods expanded the areas of dewatering. Figure 66
and Figure 67 show examples of entirely dewatered channel segments on Smith Creek.
Suggested mitigation strategies for channel infilling are provided in Attachment B.
Similar to upstream areas, channel infilling and dewatering was common around Haystack Butte
(Figure 68). Although dewatering was more common on Smith Creek, Elk Creek also had areas
of extensive channel aggradation (Figure 69). One landowner indicated that sections of Elk
Creek that downcut in the 1953 flood have since filled in. Also, landowners told us that a
segment of Elk Creek went dry for ¼ mile following the 1974 flood. Figure 70 shows post-1975
flood work on Elk Creek; the large berm on the left bank appears to be dredge spoils from the
channel. The road crossing in the photo has not been replaced.

Figure 66. Channel infilling and dewatering, Upper Smith Creek.
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Figure 67. Complete loss of channel form and dewatering, Upper Smith Creek.

Figure 68. Bed aggradation and dewatering, Middle Smith Creek.
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Figure 69. Bed aggradation on Middle Elk Creek.

Figure 70. August 5, 1975 air photo of Middle Elk Creek showing post-flood channel work and loss of
crossing—distance across photo is about 900 feet.
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4.8 FLOODPLAIN SCOUR/DEPOSITION
As the tributaries of Elk, Smith, and Ford Creeks flow northeastward out of the mountains
towards Augusta, their slope drops their floodplains widen. As a result, the ability of the creeks
to transport sediment drops, as water slows and spreads. This was apparent not only in the
channel itself, but on the adjacent floodplain. Figure 71 shows a section of Upper Smith Creek
immediately below a canyon section where the entire channel was rerouted by such deposition,
and mature conifers were buried by large mounds of cobbles and boulders. Many of these
deposits will persist for decades, such as those of 1964. Deposition of huge amounts of coarse
sediment (cobbles and boulders) is a fairly unique event in Montana’s stream systems, and it
tends to leave one of the most pronounced legacies of any flood disaster. Figure 72 shows
another example area of floodplain deposition on Upper Smith Creek. In some areas (eg
Figure 73), the deposition is so broad that there are no visible remnants of the original floodplain
surface.
The biggest issues with floodplain deposition included loss of hayfields, damage to equipment,
and lost access in many areas.

Figure 71. Major flood deposit extending onto floodplain, Upper Smith Creek.
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Figure 72. View down valley on Upper Smith Creek showing bedload deposition on floodplain.

Figure 73. View across valley on Upper Smith Creek showing bedload and debris deposition on
floodplain.
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Because of the relatively broad floodplain, the flood carried debris well away from the channel,
in places damaging fences that run perpendicular to the creek (Figure 74).

Figure 74. Fence damage from flood debris, Lower Smith Creek.

Approaching Augusta, lower Elk Creek could be considered fully off of the Rocky Mountain
Front and out on the plains, it still sources coarse glacial material that includes boulder-sized
sediment (Figure 75). In some areas this material was deposited across the floodplain,
sometimes in hayfields that will require rehabilitation before haying operations can be restored
(Figure 76). The deposits shown in Figure 76 were locally derived from an enormous floodplain
scour hole just upstream that damaged the field through both erosion and deposition (Figure
77).

Figure 75. Boulder-sized bed material, Lower Elk Creek above Augusta.
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Figure 76. Floodplain deposition, Lower Elk Creek above Augusta.

Figure 77. View downvalley from right bank of Elk Creek showing scour hole and deposition beyond near
pickup—the creek is behind the photographer.

Just downstream of Augusta, a landowner experienced extensive deposition in the channel that
resulted in flooding and erosion through calving sheds (Figure 78). This area is below the
abandoned rail grade, which may have contributed sediment to the creek.
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Figure 78. View upstream of aggraded channel below Augusta.
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4.9 AVULSIONS
An avulsion is a rapid carving of a whole new channel on a floodplain. In some cases, an
avulsion can capture the entire stream and abandon the old channel; in other cases, the
avulsions are “failed”, as they just leave an eroded channel that carries no water under most
flow conditions. Figure 79 shows an example of a “failed avulsion” on upper Smith Creek.

Figure 79. Newly carved avulsion channel plugged by bedload, Upper Smith Creek (main channel is left
of photo).

On streams that have a very high sinuosity (ratio of channel length to valley distance), avulsions
are especially likely to happen as meanders cut off. Although this is a natural process, when
dramatic shortening happens in any system, it can over-steepen the channel and make it prone
to downcutting. Although 2019 air photos are not yet available to map the number and location
of avulsions on Elk Creek and its tributaries, landowners did identify several, some of which
succeeded in fully capturing the main channel and some of which did not.
The largest avulsion that we saw was on Middle Smith Creek, where a large bendway was cut
off just below a point of diversion (Figure 80). This avulsion caused the river to shorten by
almost 1800 feet. At a slope of about 0.2%, the change has the potential to create 3.6 feet in
excess grade through the avulsion path. Avulsions of this size will typically result in a headcut
migrating upstream due to that oversteepening, and this creates major concerns with respect to
the point of diversion just upstream (Figure 81 and Figure 82).
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Figure 80. 2018 avulsion on Middle Elk Creek comparing pre-flood channel (yellow) to post-flood channel
(red);

Figure 81. View across Middle Smith Creek into old channel; avulsion to left of image has abandoned
long section of creek.

P a g e | 59

POST-FLOODING HYDROLOGIC ASSESSMENT OF ELK, FORD, AND SMITH CREEKS

Figure 82. Diversion located immediately upstream of avulsion.

4.10 DEBRIS JAMS
Numerous landowners indicated that debris jams were major contributors to channel change.
This is not uncommon on streams this size, where the channels are much smaller than the
cottonwoods on the banks, so the debris is prone to jamming. This can cause flooding and also
contributes to some of the cut/fill patterns that were so characteristic of these floods. One
especially large jam just upstream of Augusta contributed to flooding south of town, but at some
point was the jam breached (Figure 37).

4.11 GROUNDWATER
One issue that was raised by a landowner was damage caused by persistently high
groundwater around Augusta. This has evidently caused wetness and mold problems,
especially in crawl spaces and basements.

4.12 HILLSLOPE FAILURE
The rainfall/runoff events of 2018 and 2019 caused extensive soil saturation in the region. In
several locations, landowners pointed out discrete hillslope failures that in some cases were
related to creek flooding, but in others were independent. On upper Elk Creek for example,
stream undercutting into a high hillslope was probably related to some local valley wall collapse
(Figure 83). When the failed material ends up in the creek, it can dramatically alter the channel
both upstream and downstream. The failure shown in Figure 83 evidently blocked the creek
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but has since eroded out. A prominent failure occurred on the flank of Haystack Butte in an area
where the hummocky hillside and springs show that this area is prone to slumping (Figure 84).

Figure 83 View looking upstream on Upper Elk Creek with hillslope failure in foreground.
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Figure 84. Hillslope failure on slope of Haystack Butte.

.

4.13 HABITAT
Rapid changes in streams are commonly the result of “disturbance events”, which can take
relatively sedate creeks and transform them to a veritable mess of new channel locations,
eroding banklines, blown out beaver dams, wood accumulations, etc. Although these changes
may appear to be only destructive, occasional floods are becoming increasingly recognized as a
critical aspect of stream health. Floods can improve fish
and riparian habitats by scouring holes along bedrock,
“Fishing has been great since
recruiting wood to the channel that forms pools,
this flood—they come up from
delivering spawning gravels, and creating sites for
Smith Creek, mostly browns”.
young woody vegetation to grow. Some landowners
--Ford Creek Rancher
indicated as much.
One aspect of Elk Creek and its tributaries that is especially important to its overall health is
woody riparian vegetation. While large floods are a major means of eroding out woody
vegetation, they are also a main driver of new vegetation establishment. The life cycle of
riparian trees and shrubs are closely tied to floods, as these species release prolific amounts of
seed timed with high flows to distribute those seeds. Seeds are capable of germinating very
rapidly to take advantage of the short-lived high moisture levels on open gravel deposits as
flood waters recede. Following an approximately 100-year flood on the Musselshell River in
2011, monitoring of new cottonwood and willow seedlings recorded an average of 129,000
cottonwoods per acre and 17,000 willows per acre as a direct flood response (Figure 85).
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Figure 87 shows a high, new gravel bar near Augusta that is becoming colonized by
cottonwoods and willows. This is common throughout the watershed. As possible, limited
grazing in these areas will help these young plants survive and provide a new, young age class
in the riparian forests. Multiple age classes are critical to riparian forest sustainability.

Figure 85. Plains cottonwood (Populus deltoides) seedlings on the Musselshell River floodplain after the
2011 flood.

Figure 86. Young cottonwood and willow seedling colonization on recent flood deposits, Upper Ford
Creek.
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Figure 87. Riparian seedlings on new gravel bar on Elk Creek near Augusta.

In-stream habitat is another important characteristic of the Elk Creek watershed. Natural
recovery after floods can be faster for in-stream habitat compared to riparian habitat. High
water can scour out pools against bedrock (Figure 88). When large pieces of wood enter the
channel, they can dramatically change stream form, creating deep scour holes that provide
cover for fish and improve their winter survival rates (Figure 89 and Figure 90). Even one root
mass that interacts with fast water can create a deep, high quality pool that provides instant
habitat (Figure 91). The sorting of cobbles, gravels and sand during a flood can also increase
habitat diversity almost immediately (Figure 92).

Figure 88. View upstream of bedrock control and deep scour pools, Upper Smith Creek.
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Figure 89. View downstream of woody debris jam creating fish habitat, Upper Elk Creek.

Figure 90. Habitat-forming woody debris jam, Upper Elk Creek.
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Figure 91. Deep scour pool next to flood deposit, Elk Creek near Augusta.

Figure 92. Complex pool/riffle sequence, Elk Creek below Augusta.
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One thing notable about the mid-watershed tributaries was the
“Grizzly bear tracks work much
locally good beaver habitat that also supports wildlife corridors.
better than No Trespassing
These areas typically support dense riparian areas and a wet
signs”.
floodplain that provide very good forage, cover, and dam building
--Ford Creek Rancher
materials for beaver. Figure 93 shows an area of middle Elk
Creek that where a series of beaver dams were washed out
during the flood, and extensive deposition occurred on point bars. In the same area, however,
dam re-building had begun shortly after the flood (Figure 94).

Figure 93. Area of former beaver ponds, Middle Elk Creek.

Figure 94. Post-flood dam rebuilding, Middle Elk Creek.
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5 OPPORTUNITIES FOR FLOOD MITIGATION AND RESILIENCY
The following section offers a number of ideas, project types, and strategies for landowners,
land managers, and regulators working within the Elk Creek watershed to mitigate the effects of
the recent floods and create watershed conditions that are more resilient to future floods.
Several of these strategies are described below by using examples that were observed during
the 2019 assessment, although it should not be implied that landowners wish to pursue these
projects.

5.1 UNDERSTANDING FLOODING CYCLES ON ELK CREEK
As described in Section 3, periodic flooding in the Elk Creek
“I’m just trying to knock back
drainage is the norm. Between 1953 and 1975, floods
occurred about every decade. Older flood deposits are still
the power of the creek””.
visible on Elk Creek; the high gravel bar with lichen-covered
--Smith Creek Rancher
rocks shown in Figure 95 is probably from the 1964 flood.
But after 1975 there was a long period of minimal flooding in
the area, with only one moderate event in 2011. This was common around the state, and we
have seen numerous stream systems (such as the Musselshell) “atrophy” between the early
1980s and 2011 due to a lack of overall stream energy. Stream channels became narrower,
and raw gravel bars created during the 1975 flood grew in with vegetation (Figure 96). Then, in
2018 and 2019, two sequential floods affected the entire watershed. These floods were large
enough to inundate Augusta, destroy fence lines, damage transportation and irrigation
infrastructure, and substantially change the character of the stream channels. The hydrographs
of those two floods suggests that the 2018 runoff season was characterized by weeks of high
flow in May followed by the flood peak later in June. This event, because of its long duration,
would have had the capacity to move large quantities of coarse sediment. Bank erosion was
common and fence lines were damaged. Landowners repaired their fences and irrigation
structures. But the following spring, another flood that appears to have been smaller and
shorter than 2018 (if the Sun River flows at Vaughn are a good reflection), caused a second
pulse that reworked those 2018 deposits, damaging the new fences and creating a whole new
set of problems.
In our experience dealing with flood damages, it is important to recognize that the stream
response is not over. The disturbance from these back-to-back floods can have positive
impacts with regard to stream function and habitat, but the changes that we saw suggest that
channel adjustments will continue in many areas, likely for years. In some situations, the best
approach may be to allow those adjustments to occur wherever possible, so that resources
aren’t wasted on a continually adjusting creek. At this point just after two big floods, “choosing
one’s battles” is an important concept. During our visits with landowners, their understanding of
that notion was clear, with thoughtful prioritization of post-flood work underway. Even so, just
getting the immediate needs fixed can be incredibly difficult.

“It’s just about breaking me”.
--Local rancher
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Figure 95. Older lichen-covered flood deposits on high bar, Elk Creek near Augusta.

Figure 96. Air photos of Elk Creek below Augusta from 1976 (left) and 2017 (right).
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5.2 RIPARIAN BUFFERS
As noted in Section 4.4, many of the most rapidly eroding banks were observed in areas that
exhibited narrow riparian corridors with sparse or non-existent woody vegetation composition. In
contrast, properties in which riparian buffers and dense woody vegetation remained intact
exhibited a greater tendency to resist rapid erosion rates. This is not meant to infer that all
streams with intact riparian corridors are resistant to bank erosion; rather, that promoting dense
vegetation and woody species composition is likely to result in reduced bank migration rates
and changes to stream alignments. An example of this was observed on a reach of Smith
Creek where woody riparian vegetation has been largely removed along the north side of the
creek, whereas it remains largely intact along the south side. Bank erosion, appeared more
severe along the north side of the creek that had been converted from a willow to an
herbaceous vegetation community.
Accelerated lateral erosion along
north side of creek associated
with willow removal

Figure 97. Reach of Smith Creek where woody vegetation has been disturbed along north bank.

In many locations, the recent floods have deposited fresh gravels and created new floodplain
surfaces that have begun to vegetate with young cottonwoods and willows. Large scale
disturbance events such as major flooding creates an infrequent opportunity for woody species
to colonize rapidly due to the sheer number of exposed gravel bars, which are prime locations
for cottonwood establishment. These areas should be protected from disturbance to the extent
possible to encourage successful establishment of a new generation of woody species. If
allowed to mature, this woody vegetation will aid in stabilizing the floodplain and resist bank
erosion rates as the channels continue to migrate across their floodplains. Disturbing these
fresh gravel deposits either by grazing, application of herbicides, or grading with heavy
equipment may severely reduce the ability of woody species to colonize and aid in recovering
long term stream and floodplain stability.
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Figure 98. New gravel bar on Ford Creek provides an excellent opportunity for woody species
establishment.

5.3 RIPARIAN PASTURES
A widespread issue faced by many landowners in the watershed is the need to replace or repair
fences that were installed across or along the stream corridors. The practice of installing fences
to protect streams from grazing impacts is highly beneficial to water quality, bank stability, and
protection of aquatic habitat; however, creating a livestock “exclosure” zone by installing fences
tightly along creek alignments has shown to have consequences when those creeks rapidly
migrate during flood events. An alternative to exclosure fencing that can mitigate against the
effects of bank erosion on fences is the use of riparian pastures as part of a grazing
management plan. Riparian pastures can be effective at protecting stream resources and water
quality while not necessarily requiring fencing immediately along the creek. If managed
properly, the additional benefits of riparian pastures include improved management flexibility,
the ability to use livestock grazing to manage weeds and overgrown vegetation, improved
access for wildlife to stream areas, and decreased costs of maintaining off-stream livestock
watering facilities. The Montana Association of Conservation Districts and the Upper Missouri
Conservation District Council have sponsored a program to assist ranchers in developing
riparian pastures to help reduce the long term cost of lost fencing during flood events
(https://montanaconservation.org/ranching-for-rivers/)

5.4 PRIORITIZE LOCATIONS FOR BANK STABILIZATION
Bank erosion and lateral channel migration was an issue observed in all four zones of the
assessment (Table 3). The desire to prevent further erosion and loss of land is understandable
given the reliance of these productive areas for agricultural production. Bank erosion and
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lateral channel migration is a natural process by which streams maintain long term stability by
being able to adjust their length and gradient to effectively transport water and sediment. Large
scale stabilization and permanent bank armoring can disrupt a stream’s natural processes of
sediment transport and flood dissipation, and can transfer energy further downstream, thereby
increasing erosion potential elsewhere. While sometimes challenging to accept, allowing a
stream to migrate across its floodplain lends to the overall stability and function of the channel
and its associated floodplain. This, in turn with the ability of riparian corridors to become
vegetated following channel migration offers a stream and floodplain that is more resistant to
damages from flooding.
While allowing streams to roam freely across their floodplains would maximize watershed
health, many constraints exist within the Elk Creek drainage that demand protection from
erosive forces (highways, roads, irrigation infrastructure, utilities, residences, and other
infrastructure). Promoting stream corridors and floodplains that are resilient to flooding requires
1) building these types of infrastructure away from migratory stream corridors and outside of
floodplains whenever possible, and 2) consideration of whether bank stabilization and protection
measures are warranted in settings where critical infrastructure is not jeopardized. While these
topics can become controversial within the regulatory realm, they should be taken into
consideration in order to balance pressure from development and resiliency to flooding.
As noted in Section 5.1, the recent back-to-back floods in the Elk Creek watershed have
resulted in widespread disturbance that is unlikely to quickly recover. Un-vegetated gravel bars,
eroding bank lines, debris deposits, and channel infilling will likely contribute to localized areas
of instability as unconsolidated materials become sorted and soils become better vegetated. As
such, expending financial resources to stabilize eroding areas may not be recommended,
particularly in areas where critical infrastructure is not jeopardized, due to the elevated level of
instability likely to persist in the near term.
Both of the recommendations outlined in Section 5.2 (Riparian Buffers) and Section 5.3
(Riparian Pastures) promote practices that are preferred by the Lewis and Clark Conservation
District, as they utilize vegetation as a natural means of reducing erosion, sediment delivery to
the channel, and loss of productive lands while encouraging resiliency to future flooding. These
practices, as well as the use of bio-engineered approaches to bank stabilization (see
Attachment A) are highly encouraged as opposed to bank armoring for the following reasons:


Permanent bank armoring on a broad scale prevents a channel from lengthening,
reducing slope, and dissipating energy. As a result, erosive energy is transferred
further downstream, and increases the likelihood of increased erosion elsewhere.



Allowing for channel movement through bank erosion and sediment deposition
promotes riparian forest regeneration by creating open bar areas available for woody
riparian seedling colonization.



Channel movements through bank erosion and sediment deposition promotes
instream habitat creation by recruiting woody debris and spawning gravels.



Hard bank treatments can be expensive and more difficult to gain regulatory
approvals.

The Lewis and Clark Conservation District promotes the use of vegetation, sound riparian
management, and bio-engineered techniques as a means of bank stabilization as opposed
to bank armoring, which has long term consequences to flood resiliency and river function.

P a g e | 72

POST-FLOODING HYDROLOGIC ASSESSMENT OF ELK, FORD, AND SMITH CREEKS

5.5 REDUCE POTENTIAL FOR FLOODING IN AUGUSTA
Several landowners shared ideas for how to reduce the potential for flooding in Augusta. The
feasibility of these ideas has not been thoroughly investigated, and are being presented here for
consideration by the community during future planning efforts. As noted below, the ability for
these ideas to effectively reduce flooding in Augusta should be vetted through a detailed flood
study, with buy-in by the community as to how best to approach flood control efforts. It should
be understood that taking measures to restrict flooding in a specific area will increase the extent
of flooding in other areas; hence the need to carefully plan and communicate flood mitigation
efforts amongst the community.

Use Existing Infrastructure to Convey Water Away from High Flood Risk Areas
Land use in the lower Elk Creek drainage is primarily agricultural and livestock production; with
several ranches exhibiting both flood and pivot systems in place to support irrigation practices.
It may be possible to utilize infrastructure to route excess water during floods away from Elk
Creek and allow it to infiltrate into groundwater. An example of this idea is shown in Figure 99,
where water would be routed down the East Canal and strategically released, allowing it to run
across the elevated gravel benches and percolate into the underlying aquifer. This approach to
flood mitigation would require a more extensive study to better understand its limitations,
feasibility, and costs / benefits.

Figure 99. Concept of diverting flood waters away from floodplain via East Canal.
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Prevention of Floodwater Capture by Highway 435 Borrow Ditches
Eyewitnesses and aerial photography taken during the 2019 flood indicated borrow ditches
along both sides of Highway 435 west of Augusta routed water northward from the active
floodplain and toward town. Much of this water was diverted back to the south just before
entering residential areas, but may have contributed to the extent of flooding in town.
Preventing flood waters from accessing the borrow ditch could potentially reduce the extent of
flooding in Augusta depending on the extent and severity of backwatering upstream of Highway
287. Two sources of flood waters accessing the Highway 435 borrow ditch are shown in Figure
100, with concepts aimed at preventing those sources from delivering flood water to the borrow
ditch in Figure 101.

Figure 100. Sources of flood waters to the Highway 435 borrow ditches near Augusta – Clemons Road.
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Figure 101. Potential solutions for addressing Highway 435 borrow ditch capture of flood waters.

Determine Role of Channel Morphology below Highway 287 on Flooding in
Augusta
During the 2019 flood, Elk Creek escaped its banks and formed two new channel alignments to
the south of its existing alignment both upstream and downstream of Highway 287. The head of
these new channels were blocked to prevent them from permanently establishing through a
ranch compound and several thousand feet of hayfields. Two other alignment shifts formed
during the 2019 flood near Augusta, but did not continue to convey water once the flood
receded. The rapid shift of these alignments prompted the Lewis and Clark Conservation
District to perform an investigation as to how best to address this scenario (Confluence 2019).
The following is an excerpt from that investigation:
Downstream of Highway 287, Elk Creek becomes highly sinuous, and appears
prone to avulsions due to reduced gradient and sediment transport capacity as
compared to the channel upstream of the highway. Large gravel deposits were
observed immediately downstream of the highway bridge, and are indicative of a
channel that is not capable of transporting its incoming sediment load. The
landowner previously experienced excessive gravel deposition at this location, and
installed a levee along the north side of the creek to contain flows. The channel
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has now avulsed to the south and is threatening to abandon between 2 and 3 miles
of the channel downstream of the highway.
The morphology and gradient of Elk Creek immediately downstream of Highway 287 could be
contributing to flooding issues in Augusta due to a reduced ability to effectively transport
sediment being delivered from higher in the watershed. Sediment storage in the vicinity of
Highway 287 could be causing flows to come out of the channel more frequently, resulting in
alignment shifts that favor a steeper, and more powerful gradient. It should be noted that a
sediment transport study has not been performed, and that the influence of channel morphology
on local flooding is currently not well understood. Performing a sediment transport analysis as
part of a larger hydrologic study of Elk Creek in the Augusta area would assist in determining
whether channel morphology is contributing to increased flooding in town.
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Figure 102. Avulsion paths formed during 2019 flood in the vicinity of Augusta.
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Highway 287 Bridges
Highway 287 approaches Augusta from the south and spans the entire width of the Elk Creek
floodplain (Figure 103). Two bridges were recently replaced by the Montana Department of
Transportation, including one on the mainstem of Elk Creek and a second on the “Elk Creek
Overflow” channel just south of town. As part of the bridge design process, MDT is required to
perform a hydraulic analysis to determine how a bridge will affect flood elevations, which is
submitted as part of the County’s Floodplain permitting requirements. A review of MDT’s
hydraulic analysis was not performed as part of this assessment, but the bridge design
presumably met the County’s floodplain permitting standards. The data used for MDT’s bridge
design could be utilized as part of a more comprehensive flood study and alternatives analysis
to reduce flooding in Augusta, which would assist in determining whether modifications to the
bridges or highway right-of-way may be beneficial.

Figure 103. View south across Highway 287 showing how highway dams flood flows; flow direction is
right to left.
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Stream Gaging Stations
Regularly collected stream gage data has not been available for Elk Creek since 1924, and was
only available for a 20-year period of record. As a result of the nearly 100-year timeframe since
daily streamflow data was collected and the multitude of changes to land and water use in the
drainage since that time, the hydrology of Elk Creek is poorly understood. While inferences to
Elk Creek’s hydrology can be made from nearby gage records, the lack of gage records has
implications on the ability to determine or predict the magnitude and duration of discharges, the
extent of flooding during typical flood events, or the effect of various infrastructure and land use
changes on the hydrology of Elk Creek. Installing a stream gage or network of stream gages on
Elk Creek and its tributaries would provide valuable information to assist in both site specific and
watershed scale planning. Federal funding constraints may preclude the ability to install a
USGS-type of gage station; however, other State agencies and funding sources may be
available to assist in monitoring stream flows.
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ATTACHMENT A
ALTERNATIVE TECHNIQUES FOR BANK STABILIZATION

POST-FLOODING HYDROLOGIC ASSESSMENT OF ELK, FORD, AND SMITH CREEKS

Bank erosion was a commonly observed impact following the 2018 and 2019 floods in the Elk
Creek watershed. Erosion was noted in the upper, middle, and lower ends of the tributaries,
and along the Elk Creek mainstem downstream of the confluence of Ford and Smith Creeks.
It should be noted that bank erosion is a naturally occurring process in alluvial rivers and
streams as they migrate across their floodplains (Figure 104). Lateral erosion is a symptom of
rivers and streams that are lengthening to reduce gradient and better dissipate energy during
high flows. In order to remain stable over the long term, rivers and streams behave in a state of
“dynamic equilibrium”, meaning short reaches of the channel will lengthen or shorten to maintain
an overall gradient that can effectively convey sediment. Erosion can be beneficial, in that it
results in supplying channels a source of gravel, cobble, and wood that in turn develop complex
habitats for fish and other aquatic organisms. Preventing a river from naturally migrating across
its floodplain by artificially stabilizing banks reduces the long-term ability of that river to dissipate
energy and access its floodplain. This, in turn, may result in increased energy and higher rates
of erosion elsewhere within the drainage.

Figure 104. Schematic of natural erosion and deposition processes occurring along rivers.

Erosion can also be problematic, particularly when bank loss jeopardizes homes, barns, utility
poles, bridges, roads, cropland, and other infrastructure. Addressing eroding banks in these
areas can be accomplished using a variety of approaches depending on the erosion severity
and required longevity of a stable bank configuration. Bank stabilization designs range from
hardened banks (i.e. rock riprap), to softer techniques which utilize natural materials such as
tree roots, willows, cobble, and sod mats. The following section describes a variety of bank
stabilization techniques that may be applicable to landowners in the Elk Creek watershed
following large flood events.
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Bio-Engineered Approaches to Bank Stabilization
Bio-engineered banks utilize a combination of natural materials such as conifer fascines, root
wads, willow cuttings, and sod mats to reduce erosion rates. When placed properly, these
materials can be effective at reducing erosion without the need to install permanent armor.
Examples of bioengineered bank stabilization techniques are provided in the illustrations below.

Construct Gravel Bench and Cap with Willow Transplants and Sod Mats
This technique is a simple, yet often effective technique of addressing bank erosion by
constructing a gravel bench along the eroding bank, then transplanting mature woody shrubs
and wetland sod mats along the gravel bench. This technique is illustrated in Figure 105 with
project examples provided in Figure 106 and Figure 107.

Figure 105. Bio-engineered bank stabilization technique using gravel bench and transplanted willows /
sod mats
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Figure 106. Eroding bank prior to installation of gravel bench and willow / sod transplants.

Figure 107. Eroding bank being addressed with gravel bench and willow / sod mat transplants.
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Layered Brush Mattresses
This technique involves installing brush mattresses to increase roughness and reduce erosion
rates. Mature willows or other woody shrubs are transplanted along the bank and layered both
horizontally and vertically to create a dense mattress of woody materials. Voids between the
mattress layers are filled with native gravels to solidify the bank. This technique can also be
built in combination with a toe wood treatment (described in next section).

Figure 108. Photo of brush mattresses installed to reduce bank erosion.
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Toe Wood and Conifer Fascines
Additional bank protection can be provided with native materials including toe wood and
fascines. These materials can be positioned along banks to help deflect water or prevent banks
from becoming undermined and soughing. Toe wood material such as root wads and tree
trunks can be collected from live or recently fallen trees, and are often available on floodplains
with recent deposits. Root wads are placed with the trunk of the tree anchored into the bank
and root ball facing toward the river. Fascines are constructed by tightly wrapping tree or shrub
stems together to create a log-type feature. Fascines can also be constructed of small juniper
trees by wrapping the limbs against the trunk.

Figure 109. Bank stabilization project using combination of root wads and conifer fascines.
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Figure 110. Second layer of conifer fascines placed on top of root wads.

Figure 111. Stabilized bank capped with coir fabric soil lift.
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Coir Encapsulated Soil Lifts
This technique involves reconstructing the eroding bank with a gravel / cobble toe and building
one or more coir fabric-encapsulated soil lifts (Figure 112. Willow stems are typically installed
beneath the lifts, which eventually grow into larger shrubs. The fabric provides temporary
stability for 3-5 years while vegetation establishes and protects the bank naturally. Mature
willows or other shrubs can be installed along the bank as well to provide additional root mass.
Coir fabric and other erosion control products can be procured from Northwest Linings: (253)
872-0244; http://www.northwestlinings.com/

Figure 112. Example of coir fabric-encapsulated soil lift placed to stabilize eroding terrace.

Figure 113. Bank constructed with multiple soil lifts and willow cuttings.
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Use of Willow Cuttings in Bank Stabilization
The use of willow cuttings in bank stabilization treatments can be a cost effective means of
establishing woody vegetation. Often, woody cuttings are installed densely (i.e. 3 cuttings per
linear foot) along bank stabilization treatments to account for mortality and competition. To
maximize survival of woody cuttings in bank treatments, the following approaches are
recommended:
Species
- Cuttings should consist of local species (typically willow) harvested from live, healthy
plants. Alders are not recommended for cuttings due to low propagation rates.
- Sources of cuttings should be within +/- 1,000 feet in elevation from the planting site.
Size / Dimensions
- Cuttings should range between 3 and 5 feet long.
- Stem should range between 0.5 and 1.5 inches in diameter.
Collection Timeframe
- Cuttings should be collected during dormancy, which extends from leaf off (typically
October/November) to bud swell (typically late March / early April).
- Unless cuttings will be cold-stored, they should be collected no more than 14 days
before installation.
Installation
- Cuttings should be soaked in water for up to 10 days prior to installation.
- To discourage desiccation, cuttings should be installed with the base of the stem below
the low water surface elevation
- Stem tips should extend between 2” and 6” from soil to encourage root growth. Stem
tips that extend further than 6” from bank should be trimmed.
- Cuttings should be installed in good contact with fine-grained soils that offer a rooting
medium. Cutting installed in coarse materials such as riprap or cobbles are likely to
perish.
Maintenance
- New stem / leaf
growth should be
trimmed following
first growing
season to
encourage root
growth.

Figure 114. Installation of willow cuttings to bank stabilization project.

P a g e | A-8

POST-FLOODING HYDROLOGIC ASSESSMENT OF ELK, FORD, AND SMITH CREEKS

Combination of Bio-Engineering and Rock Toe
If additional bank protection measures are warranted to more permanently protect banks from
lateral migration, a rock toe may be installed beneath native materials. The following
techniques utilize a rock toe while utilizing softer materials for the upper bank.

Rock Toe with Vegetated Soil Lifts
This technique involves installing a layer of rock along the base (toe) of the eroding bank and
constructing vegetated fabric lifts above the rock. The rock toe prevents the bank from scour
and undercutting, while the vegetated lifts provide a more naturally functioning bank. The
vegetated portion of the bank typically includes placing willow stems (rooted nursery stock or
cuttings harvested locally), sod mats, and native seed within the coir-wrapped banks. The coir
provides a temporary means of stabilizing the upper bank while the vegetation establishes over
time, which typically takes 3-5 years. The coir fabric eventually biodegrades, leaving the
vegetation to maintain bank integrity for the long term. This technique is illustrated in Figure
115 with a typical cross section view shown in Figure 116.

Figure 115. Example of rock toe with vegetated soil lifts installed on the Jefferson River.

Figure 116. Typical cross section of rock toe and vegetated soil lifts
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Combination of Rock / Wood Toe Treatment
This technique involves installation of both rock and root wads along the toe of the eroding bank
(Figure 117 and Figure 118). The combination of these materials offers stability and habitat
complexity during a variety of discharges. Root wads are typically cottonwood or coniferous
trees that have been harvested from nearby sources and installed with the root ball extending
outward from the bank. Trees and root wads may be installed at a variety of elevations to
provide roughness and habitat at variable flows. The use of larger rock along the toe of the
bank qualifies as permanent armor, and may be subject to mitigation requirements. A
modification to this approach would include eliminating the rock and installing continuous layers
of woody debris and brush along the bank toe.

Figure 117. Example of rock / root wad bank stabilization.

Figure 118. Typical cross section of rock and toe wood stabilization concept.
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Hard Bank Protection Treatments
Rock Barb Structures as Flow Deflectors
This technique involves constructing one or a series of barbs to deflect water away from the
eroding banks. Barbs are typically constructed with rock, anchored into the eroding bank, and
angled upstream to reduce the energy of the river against the bank. Barbs may be placed in
sequence, and spaced appropriately to maintain stability along a meander. Example photos of
a rock barb installed along the Jefferson River are shown in Figure 119; an aerial view of barbs
on the San Miguel River in Colorado is shown in Figure 120. The actual number, location of
and spacing between barbs requires a survey and determination of the geometry of the eroding
bank. This technique is considered permanent bank stabilization, and may be subject to
mitigation as part of the permitting requirements.

Figure 119. Rock barbs placed on Jefferson River.

Figure 120. Rock barbs placed on San Miguel River CO.
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Vegetated Riprap
Riprap has been a commonly used approach to stabilize eroding banks, which involves
installing rock along the bank and keying into the bed of the channel to prevent further scour
and bank loss. The use of riprap is typically limited to locations that need to be permanently
protected from channel migration, such as immediately upstream and downstream of bridge
abutments, along highways, and adjacent to utility lines. The use of rock alone has fallen out of
favor with many permitting agencies due to the associated loss of vegetation, cover, shade and
aquatic habitats provided by naturally formed banks. Vegetation can be incorporated into a
riprap bank design to allow for some re-establishment of woody vegetation, cover, and shade
along the stabilized bank. An example of this technique is shown in Figure 121. Additional
installation details may be found in an NRCS manual titled “Planting Willow and Cottonwood
Poles under Rock Riprap”, which can be accessed via the Lewis and Clark CD’s website here:
https://lccd.mt.nacdnet.org/wp-content/uploads/2020/01/Hoag-Green-Riprap.pdf

Figure 121. Example of vegetated riprap.
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Benefits (pros)

Concerns (cons)

Costs

Gravel Bench with Sod Mats and Willow Transplants
Inexpensive if nearby sod and
willow materials are available
Does not require mitigation
Uses native materials to reduce
erosion rate

Less resistant to erosion than
other bioengineering and hard
bank treatments

$35 - $45 per linear foot

Natural appearance
Brush Mattress
Inexpensive if nearby sod and
willow materials are available
Does not require mitigation
Uses native materials to reduce
erosion rate

Less resistant to erosion than
other bioengineering and hard
bank treatments

$30 - $35 per linear foot

Natural appearance
Toe Wood with Conifer Fascines
Uses native materials to reduce
erosion rate
Typically does not require
mitigation
More resistant to erosion than
brush mattresses and sod mats

Toe wood does not appear as
natural
$125 - $150 per linear foot*
Costs can vary based on proximity
to root wad sources

Fabric Soil Lifts
Provides temporary stability while
vegetation establishes

Temporarily unattractive while
fabric is in place
$60/foot for 1 layer*

Natural looking bank following
degradation of fabric
Uses native materials to reduce
erosion

$90/foot for 2 layers*
Less resistant to erosion than
harder treatments

$120/foot for 3 layers*
1 layer = ~1’ bank height

Does not require mitigation if no
rock toe is installed
*Cost/foot may be reduced if volunteer labor is used for willow harvesting and fabric lift installation.
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Benefits (pros)

Concerns (cons)

Costs

Rock Barbs as Flow Deflectors
Effective at stabilizing erosion
along arcing river bends

Unattractive

Can create deep pool habitat for
fish

Not effective in straight river
segments

Less costly than rock toe
treatments

May become ineffective if river
adjusts its alignment upstream

$135/foot for treatment
$40 per foot for mitigation if
>300 feet

Rock Toe with Vegetated Soil Lifts
Effective at straight river
segments where flow vectors
vary during floods

Requires continuous layer of rock
along entire bank
$235 per foot for treatment*

More natural appearing and
attractive than rock barbs or root
wads

May become ineffective if river
adjusts its alignment upstream
and gets “behind” the treatment.

$40 per foot for mitigation if
>300 feet*

High cost
Rock Toe with Root Wads
Effective at stabilizing erosion
along meander bends and
straighter segments

Unnatural appearance of root
wads extending outward from
bank
Can be challenging to obtain large
trees with root balls

Provides aquatic habitat at a
variety of flows

$275 per foot for double layer
of root wads
$40 per foot for mitigation if
>300 feet

High cost

*Cost/foot may be reduced if volunteer labor is used for willow harvesting and fabric lift installation.
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Permitting Considerations for Bank Stabilization
Each of the bank stabilization alternatives described above will require acquisition of regulatory
permits from the following agencies:
Lewis and Clark County Floodplain Development Permit
Lewis and Clark Conservation District 310 Permit
Montana DEQ 318 Water Quality Certification
U.S. Army Corps of Engineers 404 Permit, Nationwide Permit 13 or Individual Permit
The following are additional permitting considerations that should be taken into account if
proceeding:

Permit

Fee

Typical
Timeframe for
Review

Lewis and Clark
Conservation District
310 Permit

No Fee

1-2 months

Survey and Design
Requirements

Costs*

Project plan view and cross
section views depicting all
proposed treatments
Survey requires channel cross
sections and longitudinal profile

Lewis and Clark
County Floodplain
Development

$250

U.S. Army Corps of
Engineers 404
Permit

No Fee

2-3 months

Wetland delineation required to
quantify impacts to jurisdictional
waters

DEQ 318 Water
Quality Certification

No Fee

2-3 months

Project plan set

2-3 months

Permit requires hydraulic
analysis of river at flood stage
to determine project’s effect on
base flood elevations

$13-15K

* Costs include survey, wetland delineation, design, and preparation/submittal of all required permit applications. Survey, design,
and permitting costs are included in the overall cost/foot estimates provided on the previous page.

Army Corps 404 Mitigation Requirements
The U.S. Army Corps of Engineers requires mitigation for any projects that aim to permanently
stabilize more than 300 linear feet of river banks. If more than 300 linear feet of river bank is
permanently stabilized, the permittee must either 1) purchase mitigation credits from a certified
mitigation bank, 2) purchase credits through an In-Lieu Fee mitigation credit provider, or 3)
generate credits by proposing a mitigation project that will offset the project’s impacts. For
simplicity purposes, the Army Corps prefers permittees to purchase mitigation credits through a
certified mitigation bank if one exists within the service area of the project. A certified mitigation
bank indeed exists for the Upper Missouri River service area. Please note the costs presented in
the table above assumes the project will result in more than 300 linear feet of stabilized bank; as
such the unit costs include the associated mitigation fees inherent in a project of this scale.
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Lewis and Clark County Floodplain Development Permit
Lewis and Clark County will require the applicant submit a floodplain development permit outlining
all proposed work that occurs within FEMA-mapped flood boundaries. The permit will require
certification by a professional engineer that the project will not result in more than a 0.5-foot rise
in areas designated as “floodplain”, and will not result in any rise in areas designated as “floodway”
(see Figure 122 for mapped floodplain and floodway boundaries near Augusta). Maps of specific
areas along Elk Creek can be obtained from the DNRC or Lewis and Clark County to determine
floodplain and floodway boundaries for specific areas.

Figure 122. FEMA floodplain map for the vicinity of Augusta, MT indicating extent of floodway, (striped
hatch), 100-year floodplain (blue), and 500-year floodplain (brown).

Lewis and Clark Conservation District 310 Permit
A 310 permit requires inspection by the Conservation District, who will rule as to whether a project
should be approved, modified, or denied. Bank stabilization projects can be contentious, as they
have been shown to have consequences on river and floodplain function and may cause
accelerated erosion in other locations as the erosive energy of the river is transferred elsewhere.
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ATTACHMENT B
RECOMMENDATIONS FOR IMPROVING CAPACITY IN AREAS OF
HIGH GRAVEL DEPOSITION

POST-FLOODING HYDROLOGIC ASSESSMENT OF ELK, FORD, AND SMITH CREEKS

The 2019 field assessment identified several locations where gravel deposits completely filled the
channel, forcing flows out of the bank and across the floodplain. Often, this led to gravel
deposition well away from the active channel, burying portions of agricultural fields and destroying
fences. The following section provides examples of this particular issue and potential actions to
improve channel capacity.

Example #1: Upper Elk Creek County Road Crossing
During the 2019 flood, a landslide blocked all or a portion of Elk Creek just upstream of County
Bridge EK5 (Figure 123). Blockage of the channel resulted in significant aggradation of the stream
bed immediately upstream (Figure 124). The stream bed appears to have raised above the
elevation of the adjacent County road, causing the road to become temporarily impassable during
the flood. The County has constructed low berms along the south side of the road to nudge the
channel back to the south and prevent it from continuing to flow across the road (Figure 125). In
addition, a small pilot channel has been excavated along a portion of the aggraded area to keep
water away from the road (Figure 126). This work is considered a temporary means of restoring
access to areas west of the bridge while a more permanent solution is being investigated.

Figure 123. Landslide just upstream of County Bridge EK5 on Elk Creek (from Lewis and Clark County).
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Figure 124. Aggradation of gravels in Elk Creek upstream of County Bridge EK5.

Figure 125. Berm constructed along Elk Creek Road to prevent Elk Creek from running across.
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Figure 126. Pilot channel excavated across gravel deposit upstream of County Bridge EK5.

Recommendations
As the County has indicated, the current scenario is only a temporary fix and water will cross the
road again during the next high flow event. Given the stream bed has aggraded to an elevation
that is higher than the road, potential solutions could include:
1. Raising the height of the road to an elevation that allows the creek to flood without
regularly causing the road to wash out,
2. Re-grading the stream bed to a lower elevation that reduces the potential for frequent
flooding along Elk Creek Road,
3. A combination of #1 and #2.
If channel re-grading becomes a preferred alternative, the channel should be excavated in the
lowest point of the floodplain to discourage excessive flooding to the extent possible. In
addition, the channel alignment could potentially be re-routed away from the landslide to
minimize the potential for continued sloughing along the exposed landslide face (Figure 127).
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Potential channel
re-alignment

Landslide

Figure 127. Landslide and gravel deposition at Elk Creek County Bridge EK5.

Example #2: Upper Smith, Upper Elk, and Lower Elk Reaches of Severe Gravel
Deposition
Substantial gravel deposits were observed in other locations within the watershed, including
reaches in upper Elk, lower Elk, and upper Smith Creeks. In some locations, the quantity of
deposited material has resulted in channel filling and the stream going sub-surface during low
flows, as was the case in upper Smith Creek (Figure 128). Consequences of severe gravel
deposition may include 1) severed aquatic habitat connectivity / loss of fish passage, 2) inability
to access water for irrigation purposes, and 3) increased opportunity for flooding due to loss of
channel capacity. If any or all of these scenarios are unacceptable to landowners or natural
resource agencies, a pilot channel could potentially be excavated through the deposit to
encourage the creek to “daylight” and restore connectivity. The effectiveness of this approach
depends on the depth of deposit, and permeability of the underlying gravels, which could be
determined by excavating a series of test pits along a proposed pilot channel alignment. If
pursued, a pilot channel should be located along the lowest possible point in the valley to
maximize the potential for intercepting water and to reduce the potential for excessive out of
bank flooding.
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Figure 128. Gravel deposits upstream of bridge across upper Smith Creek.
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