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Executive Summary
Background
This report presents the results of a qualitative geomorphic assessment of the Big Wood
River from RM 100.05 near Ketchum at the Warm Springs confluence to River Mile
(RM) 79.5 south of Bellevue at the Glendale Diversion. This 21-mile stretch of river is
the “study reach” referred to below. The work was conducted for the Wood River Land
Trust (WRLT) to assess the geomorphic context of present-day channel processes and
trends in channel movement. This report draws from available work, qualitative aerial
photograph analysis, limited field studies, and communication with state and city
officials.

Objectives of this Study
The objectives of this study include the following:
 Evaluate the effects of land use activities on channel processes over time;
 Prioritize restoration and land acquisition opportunities;
 Provide suggestions for improving floodplain management strategies; and
 Recommend future work priorities.
The study’s findings and conclusions are summarized briefly in this Executive Summary
section. Key terms, where used in the paragraphs below, are briefly explained in context,
using italics. Readers of this Executive Summary are invited to use the Glossary, p. 61,
for fuller definitions of unfamiliar terms.

Historical Contrasts in Channel Patterns and Channel Functions
The Big Wood River appears, before settlement, to have functioned predominantly as an
anastomosing and meandering system, in contrast to the braiding and channel widening
commonly seen in the study reach today. (“Anastomosing” denotes a channel pattern
with multiple co-existing channels with forested floodplain islands in between. By
contrast, “braided channels” denote multiple channels with bare bars. Please refer to
Appendix A for more information on channel patterns and their associated functions.)
The study reach, before settlement, may have exhibited limited braiding in some sections
of the river as it adjusted to natural fluxes in sediment and woody debris loading, but the
widespread prevalence of braiding and channel widening in most of the study reach
appears to be a present-day phenomenon.
Over time, pre-settlement channel patterns – anastomosing and meandering channel
patterns – have been largely replaced by braided (49%) and straight/sinuous (36%
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combined) channel patterns. Some meandering sections remain today, but account for
only 16% of the study reach.
The transition from a dominantly anastomosing and meandering system to a
straight/sinuous and braided system has evidently resulted in changes in stream power
and sediment transport. Generally, pre-settlement riparian vegetation and channel
patterns encouraged the attenuation of flood flows (decreased severity of flood waters),
in-channel sediment storage (decreased severity of sedimentation), channel stability
(decreased erratic bank erosion), and aquatic habitat diversity.
By contrast, the current channel patterns generally encourage greater efficiency of
sediment transport in straight/sinuous sub-reaches, and greater sediment deposition, bank
erosion, and flooding in braided sub-reaches. Widespread braiding, channel widening,
and channel instability appear to be the result of climatic factors, potential fluxes in
sediment supply, and land use activities in upstream reaches that isolate the channel from
its floodplain, eliminate or restrict in-channel sediment storage functions, and increase
stream power. Braided sections of the Big Wood River respond to increases in upstream
stream power and sediment transport by serving as a sediment sink, partially
compensating for the loss of in-channel sediment storage functions historically present in
upstream reaches.
The Big Wood River also has a recent history of channel avulsion; from 1943 to 2004,
eight (8) avulsions were noted in sub-reaches 4, 7, and 16-18. (“Avulsion” refers to the
sudden abandonment of a channel for a new course.)

Historical Contrasts in Stream Morphology and Habitat
Conditions
Changes in channel patterns are associated with changes in sub-reach morphology.
(“Morphology” refers to the shape or form of the particular segments of a channel.) Presettlement channel morphologies likely included free-formed and forced pool-riffle
channel types, typical of anastomosing and meandering systems. In these pre-settlement
settings, some braiding occurred in response to fluxes in sediment, water and woody
debris inputs, but not on the widespread scale seen today.
By contrast, sub-reach morphology seen today includes a spectrum of channel types,
from plane bed morphology in straight and sinuous channels, forced pool-riffle
morphology to a limited degree in sinuous sub-reaches, free-formed pool riffle
morphology in meandering reaches, and braided morphology in braided sub-reaches.
Braided sub-reaches exhibit the greatest in-channel sediment storage; straight and sinuous
channels exhibit the least in-channel sediment storage functions.
Entrenchment, or the degree to which a channel is incised into and thereby disconnected
from its floodplain, is generally coincident with the presence of bank hardening (e.g.,
levees, riprap). Channel profile data from 1967 and 1994 suggest a general trend of
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increased stream power north of the East Fork Road Bridge and decreased stream power
and deposition south of Bullion Street Bridge. Sinuosity values from 1943 and 2004 show
an overall decrease in sinuosity over time and a loss of 1.69 miles of stream length in the
study reach; this does not take into consideration losses in sinuosity that occurred prior
1943 from channelization and land use activities. (“Sinuosity” refers to the curvature of a
channel, the higher the sinuosity, the greater the curvature of the channel.)
Preliminary field surveys suggest that today’s habitat conditions vary from poor to
moderate, depending on the channel pattern and channel morphology of sub-reaches.
Straight and sinuous sub-reaches have the lowest occurrence of pools, and braided and
meandering sub-reaches have the highest occurrence of pools. Pools measured in the field
were either free-formed or forced by large woody debris (LWD). LWD was noted for
accomplishing several functions, including initiating pool scour and step formation and
enhancing bank stability, bar stability, and in-channel sediment storage.
LWD accumulations occur most notably in the braided sections and meandering sections.
The few LWD accumulations present in the sinuous and straight channels account for the
formation of the few pools that exist in these sub-reaches.
Land use mapping by the WRLT indicates a 25% decrease in the riparian corridor from
1943 to 2004, but does not take into consideration riparian removal prior to 1943, which
is likely to have been substantial.
Preliminary surveys of bank-hardening activities conservatively estimate 40% of the
study reach is leveed or riprapped. In the Big Wood River, bank hardening activities are
typically associated with protecting the following conditions:
 Straight and sinuous channels from developing meanders (lateral migration);
 Outside edge of a meander from bank erosion;
 Meander translation (meander migrating downstream instead of laterally);
 Alluvial terraces from bank erosion;
 Bridge abutments; and
 Channel widening of banks along braided sections.

Flooding and Erosion Hazards – Current Management
Current floodplain management does not take into full consideration the hazards posed by
flooding and channel migration. Although bank-hardening activities are present
throughout the study reach, they do not provide a long-term solution posed by flooding
and erosion hazards.
According to FEMA (1980), the defined 500-year floodplain is at risk of flooding and/or
channel erosion during floods at or above the 10-year return interval due to potentially
complicating factors. Complicating factors include the following:
 LWD accumulations and log jams;

v

Geomorphic Assessment of the Big Wood River




Cygnia F. Rapp

LWD accumulations at under-sized bridges; and
Ice jams, landslides and avalanches that partially or completely block the channel.

For perspective, floods at or above the 10-year return interval have occurred on average
once every 5.8 years over the last 70 years.
Channel migration along the Big Wood River is not limited to medium- and large-sized
floods. The effective discharge for the Big Wood River –“effective discharge” refers to
the flow at which channel change occurs – is the 1.5-year flood. Approximately 73% of
the river’s bedload is in transport during the 1.5-year flood, and 95% of the bedload is in
transport during the 10-year flood return interval (King et al. 2004). According to FEMA
(1980), the Big Wood River is capable of shifting laterally by as much as 200 or 300 feet
within one flood.
Because of this potential for channel movement within the study reach, local jurisdictions
should incorporate a larger vision in regulating where development occurs within the
stream corridor, and take into account trends in channel movement that result in channel
migration and channel avulsion.
Though altered, meandering and braided sub-reaches currently provide the best available
aquatic habitat in the study reach. These areas include stretches of the Big Wood River
upstream of Starweather Bridge (sub-reach 12), downstream of Starweather Bridge to
River Grove Ranch (sub-reaches 14-18), downstream of the Croy Creek confluence (subreach 21), and upstream of Broadford Bridge to the end of the study reach (sub-reaches
24-29).
In these areas, floodplain functions should be protected as much as possible.

Restoration Priorities and Recommendations
Prioritize Restoration Efforts for Greatest Biological Benefit at the Lowest Cost.

Restoration efforts (and associated land acquisition efforts) may best be served by
prioritizing straight and sinuous reaches that meet the following criteria:
 Are not entrenched;
 Have intact riparian cover; and
 Connect other braided or meandering sections of river.
Examples include sub-reaches 13 (downstream of Starweather Bridge), 22 and 23 (both
in the vicinity of Colorado Gulch Bridge). These reaches of river have not been affected
by incision, which can be difficult to reverse, and have intact riparian corridors that can
provide LWD to the channel system. Targeting restoration efforts in sub-reaches like 13,
22, and 23 may provide the greatest biological benefit for the lowest cost. Other viable
opportunities for restoration, enhancement, and acquisition certainly exist in other subreaches in the study reach. This report provides recommendations on the highest priority
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for restoration, enhancement, and/or acquisition efforts, not the limits of where they
should occur.
Regulate Development along Braided Sub-Reaches. Local jurisdictions should

consider trends in channel movement in their floodplain management strategies,
specifically aggravated sedimentation occurring in substantial sections of the Big Wood
River. Increased stream power and sediment transport in channelized areas increase
deposition downstream in braided, meandering, and some sinuous sections, initiating
channel expansion, bank erosion, and in some cases, avulsion.
Limiting development in braided sub-reaches may prove to be one of the highest
priorities, given the inherent instability of this channel type. In addition, deposition of
materials does not occur statically – deposition can migrate upstream or develop in other
areas, changing sinuous sections of river into braided ones. Previously sinuous subreaches were observed developing some braiding over the period of record, making these
areas more vulnerable to channel expansion and bank erosion. Local factors – e.g.,
Glendale Diversion, bridges – also cause localized braiding and bank erosion.
Consider Implementing a Levee-Setback Program In Appropriate Areas. Where

feasible, a levee-setback program could be used to balance protection of private property
with increasing geomorphic and aquatic habitat values. Ideally, a levee-setback program
would occur in stretches of river with a greenbelt separating private property from the
river (e.g., sub-reach 24 located upstream of Broadford Road Bridge).
Plan Ahead to Optimize Future Bridge Replacements. Bridges crossing the Big

Wood River should be reviewed to determine their replacement schedule; opportunities
may exist in the near future for considering design options that enhance stream functions
and aquatic habitat.
Address Data Gaps in Future Work. Data gaps for this report should be addressed in

future work. The gaps identified in this study include the following:
 Channel Field Studies: Additional field studies are needed for representing the
variability of channel conditions for each channel pattern.
 Sedimentation Behind Glendale Diversion: The effects of sedimentation behind
the Glendale Diversion should be assessed to determine whether the residents of
Bellevue will eventually be affected. If sedimentation behind the Glendale
Diversion is migrating upstream (a common phenomenon associated with
impoundments), then braiding and channel expansion may worsen within the
vicinity of Bellevue.
 Evaluation of Fluxes in Sediment Supply: Fluxes in sediment production from
the contributing watershed need to be evaluated for understanding the linkages
between hill slope and channel processes, climatic events, and land use activities.
 Habitat Studies: In-depth habitat surveys should be conducted for developing a
limiting factors analysis and evaluating fish habitat utilization.
 Riparian GIS Studies: Riparian conditions should be evaluated for identifying
the distribution of early-, mid-, and late-seral stages in GIS, which is needed as a
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component for evaluating avulsion hazards. (“GIS” refers to a Geographic
Information System, a way of storing, integrating and interacting with a large
array of geographic data of different types. “Seral” refers to stages in a generally
known series of ecological communities that succeed each other in a biotic
community.)
Finalization of Bank-Hardening Survey: The preliminary bank-hardening
survey should be finalized following ground-truthing effects.
Acquisition of Improved Data for Floodplain Mapping: LiDAR data, an
advanced optical remote sensing technology, is highly desirable for dramatically
improving floodplain mapping. Observation of topographic lows (relic channels,
secondary channels, swales) could be used as a component for assessing avulsion
hazards and habitat conditions.

Use Quantitative Measures to Define Erosion and Avulsion Hazards and Develop
an Erosion Hazard Management Plan. Similar to landslide and avalanche hazard

areas, the Big Wood River poses a geologic hazard to human health and safety. Erosion
hazards posed by channel migration and channel avulsion are currently undefined for the
Big Wood River, placing infrastructure and private property at risk.
Common tools, such as Flood Insurance Rate Maps (FIRMs), are based on fixed bed
hydraulics and do not characterize areas susceptible to channel erosion either within or
outside of areas prone to flooding. Consequently, FIRMs are reliable for only short
periods after their production and fall short in portraying geomorphic hazards that bank
erosion and avulsion may pose to land and infrastructure. The costs of property lost to
bank erosion are transferred to the landowner.
Future investigations should include developing a Reach Analysis and Erosion Hazard
Management Plan based on the methods outlined in Rapp and Abbe (2003). The principal
goal of a Reach Analysis and Erosion Hazard Management Plan is to predict areas at risk
for future channel erosion by delineating the Channel Migration Zone (CMZ) – the area
where a stream or river is susceptible to channel erosion. A Reach Analysis and Erosion
Hazard Management Plan for the Big Wood River would have numerous applications for
the Wood River Land Trust and local jurisdictions.
As an educational tool, this study and plan would allow the public to have access to
information disclosing erosion hazard risk to private property, just as FIRMs provide
information on flood inundation hazards.
As a regulatory tool, this study and plan could be used to define erosion hazard zones –
high, moderate, low – which could be used to support the following regulatory
objectives:
 Direct development away from high hazard areas;
 Define appropriately-sized riparian setbacks;
 Develop strategies for mitigating channel alterations – when they are necessary –
that balance protection of infrastructure with geomorphic and aquatic values; and
 Develop incentive-based strategies for moving people out of areas of the highest
risk.
viii
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Introduction
Within the context of the American West, the Wood River Valley in Blaine County,
Idaho has a long history of settlement, beginning in earnest in the 1880s. Settlement of
the area led to alterations of the landscape, mostly in the form of riparian removal for
agricultural development, grazing within the riparian corridor, and road-building in and
near the Big Wood River. Consequently, the earliest available records capture a snapshot
of the Big Wood River already adjusting to land use activities that are recognized for
altering geomorphic processes, promoting channel instability, and degrading aquatic
habitat. The reach of the Big Wood River between Ketchum at river mile (RM) 100.05
and approximately RM 79.5 south of Bellevue, exhibits a series of changes in channel
patterns and channel types over the period of record (1880s to present) affecting aquatic
habitat and increasing channel instability. Changes in channel patterns and channel
morphology occur simultaneously with increased pressures on the stream corridor posed
by historical land uses and encroachment from development.
The Big Wood River poses a geologic hazard to human health and safety just as
avalanches and landslides pose a geologic risk to local communities. The risk and costs
of damage to private property and infrastructure from channel erosion and flood
inundation have increased due to the greater numbers of people living within the stream
corridor. The Big Wood River is especially prone to unanticipated channel erosion due to
its legacy of glaciation and the effects of large woody debris (LWD) on channel bed
dynamics. Terrace and floodplain banks found within the study reach are susceptible to
erosion even though their elevations may exceed 100-year or 500-year flood water
surface elevations. These surfaces are composed of erodible materials (e.g., glacial
outwash and alluvium), and do not pose a geologic or topographic constraint to channel
movement. Additionally, stable log jams initiate aggradation of the channel bed, much
like a small dam, thereby causing the channel to flood and erode greater portions of the
floodplain and adjacent terraces.
Management of infrastructure at risk in and adjacent to river floodplains is subject to
natural resource agency concerns for habitat protection at the local, state, and federal
levels. As increased pressures within the stream corridor continue to accelerate channel
instability, municipalities and private landowners will need to find creative ways of
protecting infrastructure from channel erosion and flooding while arresting degradational
processes and enhancing geomorphic and aquatic functions.
This report investigates the geomorphic context of the Big Wood River and the effects
land use activities have on channel processes, using a combination of available
information, limited field studies, and qualitative aerial photo analysis over time. This
report discusses general trends in channel behavior and identifies opportunities for
improving floodplain management and prioritizing restoration activities. Figure 1 shows
a vicinity map of the Big Wood River and the limits of the study reach. The Warm
Springs confluence forms the upstream limit of the study reach and the Glendale
Diversion south of Bellevue forms the downstream limit.
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Figure 1. Vicinity map of the Big Wood River and the extent of the study reach.
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Reach Setting
Study Reach
The Big Wood River watershed extends from the Smoky, Boulder, and Pioneer Mountain
Ranges to the river’s confluence with the Malad River; the Malad River quickly enters
the Snake River near the town of Gooding. The study reach is considered to be within the
Upper Big Wood basin located in the Wood River Valley and is located upstream of
Magic Reservoir. Steep mountains surround the valley to the north, east, and west with
elevations ranging from 5,060 feet above sea level at Glendale Road to 12,009 feet in the
surrounding mountains. The contributing watershed area for the study reach is
approximately 752 square miles (Frenzel 1989).
Except for Horse Creek, Owl Creek, Baker Creek, and East Fork Wood River, the study
reach and contributing upper watershed lie within a transitional area of two ecoregions,
displaying characteristics of both the Snake River Basin/High Desert and the Northern
Rockies. Horse Creek, Owl Creek, Baker Creek, and East Fork Wood River flow through
the North Rockies Region (Buhidar 2001). The study reach is similar to mountain streams
found throughout Northern Idaho, having a coarse stream bed primarily composed of
gravels and cobbles, and in the more heavily armored sub-reaches, cobbles and boulders.
Limited information is available on the geomorphologic characteristics of the watershed
and study reach from past work by others. This report represents a first-ever attempt to
characterize the geomorphic conditions of the Big Wood River and valley within the
study reach. This report assesses geomorphic conditions by delineating the study reach
into sub-reaches with similar characteristics, therefore the remainder of this report
discusses channel characteristics at a sub-reach level of detail. Figure 2 presents the
limits of the sub-reaches within the overall study reach.
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Settlement History
Settlement of the Wood River Valley resulted from a succession of economic pursuits
ranging from fur trading, ranching, agriculture, mining, and logging to the current
economy of recreational development (USACE 1970, Whitman et al. 1945). Alexander
Ross led the first recorded expedition to this region in 1824 as he sought to extend his
company’s fur trading operation. The first permanent settlers came in 1836 concurrent
with Dr. Spaulding’s establishment of a mission near Lewiston, Idaho. As the Californian
gold rush of 1849 began to taper off, miners began moving north and extracting valuable
mineral deposits in many parts of Idaho, including the Big Wood River basin, attracting
many prospectors and additional settlers. Conflicts with the Native Americans during the
1870s discouraged early settlement and development of the mining industry. The Wood
River mining boom of 1881 followed the treaty ending the Nez Perce Indian War
(USACE 1970).
After 1880, settlers began clearing tracts of land for agriculture in the fertile plains and
raising stock for grazing in the upper areas. By 1882, the population of the Wood River
Valley is estimated at 800 people in Ketchum, 1,000 people in Hailey, and 1,500 in
Bellevue (GLO 1882), not including ranchers and farmers living in the adjoining canyons
(e.g., Deer Creek, Croy Creek, Indian Creek areas). The railroad was extended to the
mining camp at Ketchum in 1884. Irrigation developments began in the 1880s and
increased rapidly in the lower valleys. A parallel economic force, although one not so
prominent as the mining industry, was the feeding and shipping of sheep, starting in
1880. Between 1910 and 1920, Ketchum was one of the largest sheep shipping centers in
the United States.
The mining boom of the 19th century was followed by its decline in the 20th century,
causing a population decrease that continued until about 1940. The development of the
Sun Valley ski area, which began in the 1930s, has been a factor contributing to recent
population growth and to the development of recreation and related activities in the area.
Development continues at a rapid pace throughout the Wood River Valley, placing
intense development pressures within the floodplain areas of the Big Wood River.

Climate
The climate of the upper Big Wood River basin is cold and relatively wet during the
winter, and warm and dry in the summer. Countywide average monthly temperatures
vary between 19˚F in January and 68˚F in July. For January, the mean maximum
temperature is 29˚F and the mean minimum is 5˚F. For July, the mean maximum is 85˚F
and the mean minimum is 68˚F. Frontal systems moving eastward from the Pacific
Ocean provide the majority of precipitation to the Big Wood River basin. As these
systems are lifted over the Idaho mountains, they cool and release their moisture.
Therefore, precipitation generally increases with elevation. Mean annual precipitation is
17.6” in Sun Valley (averaged over 1937-1973) and 15” in Hailey (1917-1982). At higher
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elevations, snow accumulates from fall through spring and the accumulated spring
snowpack accounts for over half the annual precipitation. Rainstorm activity in the
summer months is generally in the form of thunderstorms associated with unstable air
masses. Summer rainfall is generally of short duration and may be of high intensity
(FEMA 1980, Frenzel 1989, King et al. 2004). The months of least precipitation are July,
August, and September.
The average annual snowfall for the Big Wood River watershed is 139.6” in the higher
elevation areas, with an average annual snow depth of 128.7” in the higher elevations,
37.0” in the middle elevations, and 6.7” in the lower elevations. Average available
sunlight is 9.4 hours in the winter, 13.3 hours in the spring, 14.8 hours in the summer,
and 11.1 hours in the fall (Buhidar 2001).
The precipitation in the basin is sufficient to support sagebrush and native grasses on the
lower mountain slopes and non-cultivated areas of the valley floor. Forest growth in the
mountains, which is mostly pine, spruce and Douglas fir, is restricted to the higher
elevations and the northern slopes of ridges. Cottonwoods and willows border the Big
Wood River and the older irrigation ditches (Smith 1959).

Hydrology
The Big Wood River is the principal water body within the Big Wood River basin and
runs through the central portion of the study area. The drainage area is approximately 752
square miles at the downstream end of the study reach, with the Big Wood River fed by
numerous ephemeral, intermittent, and perennial streams. The Big Wood River flows
generally south, southwest and joins the Malad River near the town of Gooding. From the
Gooding area, the Malad River joins the Snake River. Downstream from the study reach,
the Big Wood River changes from a perennial to an ephemeral system as it flows through
a system of manmade canals, reservoirs (Magic Reservoir being the largest), and natural
channels.
Table 1 provides a list of major tributaries upstream of and within the study reach. The
largest tributaries (e.g., Warms Springs Creek, Trail Creek, East Fork Wood River, and
Deer Creek) all drain into the Big Wood River within the study reach. Warm Springs,
Trail Creek, East Fork Wood River, and Deer Creek enter the study reach at RM 100.05,
RM 98.7, RM 93.9, and RM 90.85 respectively.
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Table 1. Upper Big Wood Valley sub-basins (Brown, 2000). The italicized
tributaries drain directly into the study reach. Note the largest tributaries join the
Big Wood River within the study reach (Warm Springs, Trail Creek, East Fork
Wood River, and Deer Creek).
Name
Above North Fork Wood River
North Fork Wood River
Leroux Creek
Oregon Gulch
Eagle Creek
Fox Creek
Dip Creek
No Name
Lake Creek
Adams Gulch
No Name
Warm Springs Creek
Trail Creek
Elkhorn Gulch
East Fork Wood River
West Gimlet
East Gimlet
Greenhorn Gulch
Ohio Gulch
Indian Creek
Deer Creek

Area in Miles2
137
41
1.8
6.1
11
9.8
1.4
2.5
15
12
2.5
98
64
15
86
11
2.9
24
9.5
14
59

Area in Percent
21.9
6.6
0.3
1.0
1.8
1.6
0.2
0.4
2.4
1.9
0.4
15.7
10.2
2.4
13.7
1.8
0.5
3.8
1.5
2.2
9.4

Geology
The geologic units within the Big Wood River study reach include volcanic, glacial, and
fluvial materials. Within the Wood River Valley floodplain, surface deposits are
primarily unconsolidated Quaternary glacial and alluvial deposits (Luttrell and
Brockway, 1984). Most of the valley fill is stream and delta clay, sand, and gravel
deposited before the Wisconsin glaciation and overlain by a relatively thin sheet of coarse
fluvioglacial sediments deposited during the Wisconsin stage (Smith, 1959). Terraces in
the study area are composed of alluvial deposits.
The unconsolidated sediments of the Quaternary sediments can be broken into two
distinct groups: 1) valley fill deposits present at the lower elevations, and 2)
undifferentiated slope wash present at higher elevations. The fluvioglacial sediments
grade in size from boulders, cobbles, and gravel at Hailey to fine gravel, sand, and clay at
the south edge of the basin. The deposit is thickest around Hailey but is thin at the
southern edge of the basin. In the vicinity of the Boise baseline the average thickness is
approximated at 50 ft. The fluvioglacial sediments form a symmetrical fan whose apex is
just south of Bellevue. The maximum aggregate thickness of the unconsolidated
sediments is unknown. Wells located in the western part of the area are over 300 feet
deep without reaching the bedrock floor (Smith, 1959).
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The mountains that surround the valley floor are composed of consolidated igneous and
sedimentary rock. The mountains are underlain by Tertiary volcanic rocks and PreCretaceous granites of the Idaho Batholith, which weather to form well-drained loamy
soils. The thickness of the sedimentary and igneous rocks is approximately 32,000 ft
(Umpleby and others, 1930). This complex structure has resulted from extensive folding
and faulting (Luttrell and Brockway, 1984).

Topography
Details on the topography of the study reach are limited due to the low resolution of
available topographic survey data. The most recent US Geological Survey 7.5 minute
topographic maps are from 1967 (Ketchum and Hailey quads) and 1979 (Bellevue quad);
the most recent topographic map of the study area is from 1994 produced in support of
floodplain modeling (FEMA 1998). Elevations in the Big Wood River watershed range
from the top of Hyndman Peak at 12,009 feet, to the Malad River confluence with the
Snake River at approximately 2,340 feet above sea level. Elevations of the Wood River
Valley floor within the study area range from approximately 5,880 feet to 5,190 feet.
Several topographic features influence channel alignment. Generally, the Wood River
Valley is narrow with a maximum valley width of approximately 2 miles near the
southern boundary of the study area. Several valley hillside slopes within the study reach
are steep and confine channel movement, including the mountains associated with Della
and Carbonate Mountains, and Mount Baldy on River Right, and mountains associated
with Gimlet Peak on River Left. Additionally, a large bedrock knob is located south of
the Greenhorn Gulch drainage (sub-reach 15), influencing channel alignment on River
Right. Portions of the study reach flow adjacent to alluvial terraces draining tributaries to
the study reach. These alluvial terraces do not function as topographic or geologic
constraints to channel migration due to their composition of erodible materials
(unconsolidated gravels).

13

Geomorphic Assessment of the Big Wood River

Cygnia F. Rapp

Methods of Analysis for Characterization
This section describes the methods of analysis used to assess the study reach, including
sources of data and other information. The results of the analysis are presented in the
following section.

Collection and Review of Available Data
Historical and current conditions of the study reach are primarily based on limited field
studies, available historical aerial photographs, available reports and data, and discussion
with staff from the City of Bellevue and Idaho Department of Fish and Game (IDFG).
Sources of information obtained and reviewed for this study include the following:


Historical aerial photographs provided by the Wood River Land Trust, Blaine
County Assessor’s Office, U.S. Forest Service, and Bureau of Land Management;



Historical survey notes from the Government Land Office (GLO) 1882 Survey;



Floodplain mapping and supporting data from the Flood Insurance Studies (FIS)
by the Federal Management Emergency Agency (FEMA) (USACE 1970 and
1971, FEMA 1998);



Daily flow records at USGS gages 13139500 on the Big Wood River;



Scientific reports and other literary sources listed in the references at the end of
this report.

Field Reconnaissance
Field reconnaissance of the Big Wood River was performed on September 16, 29 and
October 2, 3, and 6, 2006. Part of the reconnaissance was done in small aircraft and the
rest was performed on the ground. Small aircraft reconnaissance was performed over the
entire length of the study reach for observations of Large Woody Debris (LWD)
accumulations, log jam recruitment following the flood of record (May, 2006) and, where
observable, revetment installation. Ground field reconnaissance occurred in five locations
in an attempt to view a variety of channel and habitat conditions found in the study area.
Field sites included downstream of the confluence of Warm Springs Creek (sub-reach 1),
upstream of Starweather Bridge (sub-reach 12), upstream of Croy Bridge (sub-reach 19),
downstream of Colorado Gulch Bridge (sub-reach 23), and south of District Canal #45 at
the South end of Bellevue (sub-reach 27).
Observations and measurements of the characteristics of the main and secondary channel
geomorphology, habitat features, logjams, and riparian vegetation were recorded on field
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sheets. Private property issues limited the observation of secondary channel and habitat
conditions in many areas.
Measurements were taken of main channel dimensions and features (bankfull width and
depth, wetted width and depth, slope, gravel bar dimensions, and pebble counts of
channel bed and bars) at regular intervals along the sub-reach. All pools and functioning
LWD were measured throughout the surveyed length of the sub-reach. Other conditions
such as fine sediment deposition, bank characteristics and erosion, and floodplain
characteristics (riparian condition, entrenchment, overbank deposits, and terrace
materials) were qualitatively assessed and noted. Approximately 1,500 linear feet of
channel was surveyed for each sub-reach visited in the field.

Delineation of Sub-Reaches
The study reach was divided into a series of channel sub-reaches reflecting changes in
channel pattern, dominant types of channel movement, channel bed morphology, and
confinement. These factors are dependent on a wide range of variables and how they
interact with one another, including, but not limited to: flow regime (discharge), geologic
context, valley morphology, sediment characteristics, sediment supply, riparian
vegetation, and woody debris (Rapp and Abbe 2003). Aerial photographs taken in 2004
and May, 2006 (during flood stage) were used for determining sub-reach breaks.

Qualitative Analysis of Historical Channel Patterns
Aerial photographs from 1943, 1976/1977, 1988, 2004, and 2006 were acquired from the
Wood River Land Trust, U.S. Forest Service, Blaine County Assessor’s Office, and the
Bureau of Land Management. Aerial photographs taken during 2006 occur during flood
stage, obstructing visibility of active channel characteristics; therefore the 2006 data set
are excluded from the qualitative aerial photograph analysis (Appendix B), but used
wherever possible for other purposes. The following table summarizes the coverage
provided in the aerial photographs used in this study.
Table 2. List of aerial photographs used in the report.
Year

Area of Coverage

Georeferenced?

1943

Entire study reach

Yes

1976
1977

East Fork Wood River Confluence to
Glendale Diversion
Warm Springs Creek confluence to East
Fork Wood River confluence

No
No

1988

Entire study reach

No

2004

Entire study reach

Yes

2006

Warm Springs confluence to Bellevue
(during flood)

No
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Source
Wood River Land Trust
(electronic copies)
Bureau of Land Management
(electronic copies)
U.S. Forest Service (electronic
copies)
Blaine County Assessor’s
Office (prints)
Wood River Land Trust
(electronic copies)
Wood River Land Trust
(electronic copies)
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Georeferencing all flight lines into Geographic Information Systems (GIS) is out of the
scope of this report, but would have facilitated the direct comparison of channel
characteristics over time. Future work efforts are encouraged to pursue GIS-based
planimetric analysis for overlaying channel positions from the historical record and
measuring changes in rates of channel erosion and directions of channel movement over
time. Planimetric analysis is most easily and accurately accomplished using the GIS
platform because it has a number of advantages over manual methods (Gurnell et al.
1994, Rapp and Abbe 2003):


Vector boundaries derived from maps and aerial photos with different scales and
distortions can be imported into GIS and registered to the same base map. The
process of integrating multiple images at different scales also allows the
investigator to quantify any errors that may have been introduced.



Although data entry in GIS can be time consuming, spatial analyses are more
easily made by expanding the possible range of comparisons, predefined spatial
resolutions, and indices.



Besides providing a format for quantifying channel change, GIS also provides
visualization capabilities, like map production and graphical outputs.

The aerial photograph analysis summarized herein is considered to be a qualitative
analysis due to the absence of a planimetric analysis component in this report.
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Characterization of the Big Wood River and
Its Valley in the Study Reach
Hydrologic Characteristics
Stream flow data are available for the Big Wood River from four different gage stations:
• USGS 13139500 at Hailey (1915-2006);
• USGS 13135500 near Ketchum (1948-1971);
• USGS 13141000 near Bellevue (1912-1996); and
• 13140800 at Stanton Crossing near Bellevue (1997-2006, replacing 13141000
which blew out in 1996).
USGS 13139500 at Hailey is the only gage used in this study due to its location within
the study reach, accounting for all major tributaries entering the study reach and
exhibiting the least discharge loss from flow diversions. USGS 13135500 is located
upstream of the study reach near the North Fork Wood River confluence; USGS
13141000 and USGS 13140800 are located downstream of flow diversions south of the
study reach and exhibit flow losses, therefore these three USGS gages are excluded from
the study.
Mean monthly flows are reported for the Big Wood River at Hailey based on recorded
flows from 1915 to 2005, summarized in Table 3. Peak flows occur in April, May, June,
and July, and have a probability of occurring during these months as follows: 2.4% in
April, 44% in May, 52.4% in June, and 1.2% in July.
Table 3. Long-term mean monthly discharge for USGS gage 13139500, at Hailey (in
cubic feet per second).
Gage #
13139500

Jan
112

Feb
108

Mar
140

Apr
468

May
1220

Jun
1410

Jul
599

Aug
214

Sep
156

Oct
150

Nov
135

Dec
112

Summarized in Table 4, estimates of peak flows at different recurrence intervals above
the 2-year flood have been reported by the US Geological Survey (Berenbrock 2002) and
by FEMA (1998). These estimates do not incorporate the instantaneous peak flow for the
flood of May 21, 2006, which appears to be the flood of record. The US Geological
Survey has not officially determined the instantaneous peak flow for this flood as of this
report, though provisional data estimate the mean daily discharge during the peak at
6,640 cfs (100-year flood return interval). Using methods outlined in Beard (1962), the 1year flood is estimated at 545 cfs and the 1.5-year flood is estimated at 1,540 cfs.

17

Geomorphic Assessment of the Big Wood River

Cygnia F. Rapp

Table 4. Peak flow estimates for the Big Wood River at Hailey.
Recurrence
Interval (years)

USGS Gage 13139500
at Hailey
Drainage Area 640 mi2
Peak Discharge (cfs)a
8,270
7,410
6,740
6,050
5,330
4,340
3,520
2,290

FEMA (1998)
Drainage Area 640 mi2
Peak Discharge (cfs)

500
9,900
200
100
7,500
50
6,300
25
10
4,420
5
2
1.5
1
a
Peak flows estimated based on Log Pearson Type III analysis (Berenbrock, 2002).

Using methods
outlined in
Beard (1962)
6,150
4,970
4,440
3,790
2,290
1,540
545

Flooding Characteristics
Historical flooding within the study reach can be attributed to multiple factors. However,
the overwhelming majority of historical flooding on the Big Wood River is caused by
rapid snowmelt during the late spring. These floods nearly always occur during years
with above average snowpack in the upper watershed, followed by warm temperatures or
warm spring rain (rain-on-snow events) hastening snowmelt. All previous major floods
have occurred during May or June in the Big Wood River basin (FEMA 1980). High
flows occasionally occur in fall and winter in association with cyclonic storms or rain-onsnow events. Generally, streamflows drop rapidly over the summer following the
disappearance of the snowpack, but increase for short periods in response to rain events.
Low flows are reached in September or October and flows typically remain relatively low
during winter months (King et al. 2004).
Besides climate and precipitation contributing to region-wide flooding, local factors such
as LWD and sediment accumulations, landslides, avalanches, and ice jams may also
aggravate local flooding and bank erosion. FEMA (1980) notes that debris dams
exceeding 10 ft in height have occurred within the study area in the past, increasing water
surface elevations upstream of the log jam and exacerbating flooding and bank erosion.
In 1984 and 1985, The U.S. Army Corps of Engineers (USACE) removed LWD from a
27.2 mile reach of the Big Wood River near Hailey (USACE 1984, 1985) for the
purposes of channel conveyance. Landslides (especially within the vicinity of Hailey) are
unpredictable, and when they partially or completely block the channel, can cause
localized flooding exceeding the 100-year return interval. In addition to natural factors,
man-made structures, such as bridges whose approach fills and flow capacity are
undersized, may also locally increase flooding. Broadford Road Bridge in Bellevue, Star
Bridge on Broadford Road, and Adams Gulch Bridge north of Ketchum are examples of
under-sized bridges with the potential to exacerbate flooding during higher flows (FEMA
1980), especially if LWD accumulates on the upstream side of the approach fills.
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When implementing floodplain management, statistically-derived flood return intervals
(Table 4) may under-represent flood and erosion hazards due to local factors that have
the potential to increase local flooding and bank erosion (e.g., log jams, racking of LWD
on bridge abutments, landslides). The flood intervals listed in Table 4 do not account for
obstructions caused by natural and man-made factors, and therefore may not reflect the
true inundation and erosion hazards posed by flooding. According to FEMA (1980), the
channel within the study reach is capable of shifting laterally by as much as 200 to 300
feet within one flood. Consequently, FEMA (1980) determined that all structures located
within the limits of the 500-year floodplain are subject to inundation, if not at risk of
channel erosion, during flood events exceeding a 10-year magnitude (see Table 5).
Table 5. Flood peaks exceeding the 10-year flood recurrence interval from 1915 to
2006 (USGS 13139500). Floods at or above the 10-year recurrence interval have
occurred on average once every 5.8 years over the last 70 years.
Year
1938
1956
1958
1967
1969
1972
1974
1982
1983
1986
1997
2006

Flood Peak (cfs)
4480
4640
4640
4790
4310
4390
4970
4440
6150
5300
4790
6640 (provisional mean daily discharge)

Geomorphic Characteristics
Floodplain Maps
FEMA published floodplain maps for the 100-year and 500-year recurrence intervals in
1998 based on cross section data measured in 1994 covering the entire study reach.
FEMA’s floodplain mapping is likely out of date, given that mapping efforts pre-date
channel changes that occurred during the 1997 and 2006 floods. However, the results are
useful as a preliminary benchmark for determining the extent of flooding and potential
erosion hazards in the study area.
As previously stated, natural and man-made factors can aggravate regional flooding on a
local level. Therefore, all structures within the 500-year floodplain are considered
susceptible to inundation and erosion hazards during flood events exceeding the 10-year
interval (FEMA 1980). For the purposes of this study, only the FEMA 500-year
floodplain is measured for Table 6; in some locations the 100-year and the 500-year
FEMA floodplain are identical.
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The Big Wood River floodplain is relatively narrow and generally broadens in the
downstream direction (see Table 6 and Figure 3). From the Warms Springs Creek
confluence, the FEMA 500-year floodplain gradually broadens to an average of 1,380
feet before becoming highly confined from the East Fork Road Bridge to the Highway 75
Bridge near Golden Eagle Ranch, with an average width of approximately 170 feet. From
Highway 75, the FEMA 500-year floodplain gradually expands to an average width of
approximately 1,980 feet near Flying Heart Ranch before constricting to an average
width of approximately 1,080 feet near the Deer Creek confluence. From the Deer Creek
confluence, the FEMA 500-year floodplain expands in the southward direction to an
average width of 2,755 feet near the end of the study reach.
Table 6. Approximate minimum and maximum widths of the 500-year FEMA
floodplain for each sub-reach (FEMA 1998). Note FEMA floodplain widths do not
include FEMA floodplain widths of tributaries.
Sub-Reach No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Min Width (ft)
600
670
470
670
670
800
735
1,000
1,435
135
770
1,100
1,035
1,270
1,000
1,900
1,100
400
670
1,600
1,000
1,070
1,235
800
200
3,100
2,170
1,935
2,170
1,435

Max Width (ft)
1,000
1,070
900
1,400
1,335
800
1,700
1,600
1,800
1,070
1,470
1,500
1,470
1,735
1,670
2,570
2,335
1,770
1,470
1,935
1,600
1,470
1,400
1,535
3,800
3,835
4,770
4,300
2,335
3,000
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Sediment Supply
The character of sediment supplied to alluvial rivers – including quantity, grain-size
distribution, and frequency with which it is delivered – is one of the primary influences
that affect channel morphology (Montgomery and Buffington, 1997). Accelerated
sediment production combined with impaired in-channel and floodplain sediment storage
can result in accelerated channel migration and loss of aquatic habitat. Within the Upper
Big Wood River basin and in the study reach, the dominant mechanisms delivering
sediment to the system include landslides, avalanches, and erosion of floodplain and
terrace surfaces.
Previous work does not assess changes in sediment production over time, linking climate
and precipitation, natural processes (e.g., wildfires), and landuse activities (e.g., road
building, timber harvest, development, grazing) in the upper watershed to sediment
supplied to the channel. Evaluation of sediment production over time and the relative
contributions of each delivery mechanism is beyond the scope of this report.
Future efforts would benefit from an evaluation of sediment production over time in
order to refine our understanding of the interplay between hillslope and channel
processes, climatic events, and landuse activities on channel instability and the
degradation of desirable habitat characteristics. If rates of sediment production from
various sources can be correlated with controlling variables such as vegetative cover or
hillslope gradient, then the effects of altering these controlling variables can be estimated
and used to predict the consequences of changes in climate, expansion of land-use
activities, or alternative strategies for erosion control (Reid and Dunne 1996).

Sediment Transport
Sediment transport refers to the way in which stream channels convey sediment of
different grain sizes over different discharges. Sediment load is the collective term
referring to 1) dissolved load, consisting of material transported in solution, 2) wash load,
comprising particles finer than those usually found in the bed and moving readily in
suspension (generally < 0.062 mm), and 3) bed material load, including all sizes of
material found in appreciable quantities in the bed (generally > 0.062 mm). The bed
material load can be transported as bed load, when particles move by rolling, sliding, or
saltating at velocities less than the surrounding flow (e.g., gravel, cobbles, boulders), or
as suspended load, when particles are transported and temporarily maintained in the main
body of flow by turbulent mixing processes (e.g., sand) (Knighton, 1998).
From a geomorphic standpoint, bed load transport is of most interest due to its influence
on changing channel form and initiating channel migration. Within the study reach, the
Big Wood River can be described as a gravel-bedded river that is transport- or capacitylimited. Where finer particles suspended in flow can be transported at nearly any
discharge, the transport of coarser materials (greater than 0.062 mm) is a function of
discharge and therefore intermittent, becoming more so as grain size increases. The

27

Geomorphic Assessment of the Big Wood River

Cygnia F. Rapp

intermittency of bed load transport and the possibility of prolonged deposition mean that
the residence times of coarser materials moving through drainage basins can be very
large (Knighton, 1998). This becomes relevant when we view changes in sediment
transport within the study reach that cause the residency times of coarser materials to
change (via channelization, encroachment from development, and bank hardening
activities).
Previous studies investigate bed load transport on the Big Wood River 1.5 miles upstream
of Ketchum at USGS gage 13135500 just upstream of the North Fork Wood River
confluence (Barry et al. 2004, King et al. 2004). Information collected at this site includes
stream surveys, pebble counts of the substrate surface, and core samples of the substrate
subsurface material over 1.5 miles of stream length. Streamflow records from 1949 to
1971 were used to estimate average annual streamflow and the 1.5-year return interval.
Sediment transport measurements included 100 measurements of bed load transport and
26 measurements of suspended sediment over a range of stream discharges.
King et al. (2004) found that suspended sediment accounts for the majority of material in
transport with over an order of magnitude greater suspended transport than bed load
transport during lower flows, and approximately six times as much as at the highest
discharges. Not surprisingly, King et al. (2004) found the size of the largest particle
transported in the bed load sample increases with discharge, as does the median size
particle of the bed load sample. Most importantly, this study found that the effective
discharge for the Big Wood River occurs at the 1.5-year return interval, which is the flow
capable of moving the median diameter particles on the channel surface. The effective
discharge is the flow at which bed load transport and channel adjustment (e.g., bank
erosion, bar accretion) occur. King et al. (2004) also found that the 1.5-year flood, which
has a 75% probability of occurring annually, is capable of transporting 73% of bedload
sediment in the Big Wood River, and the 10-year flood is capable of moving 95% of
bedload sediment. The results of this study suggest that although larger floods can initiate
dramatic channel changes, small floods also initiate channel change and bank erosion.
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Figure 4. Median size of the bed load sample and the largest particle size in relation
to discharge for the Big Wood River near the North Fork Wood River confluence
(King et al 2004).

Flood Control Activities within the Study Reach
Bank hardening activities concurrent to channelization are recognized for limiting how
sediment is recruited through bank erosion, and for locally altering sediment transport
whose effects are often propagated downstream. Floodplains store water during major
floods, attenuating the flood peak and spreading the discharge out over a longer period of
time. As a river becomes progressively more leveed and confined by development, an
increasing percentage of the total discharge becomes confined to the channel. This moves
discharge though the watershed at a faster rate, which translates to sharp increases in
peak flows and a decrease in lag time, exacerbating flooding downstream (Mount, 1995).
Marked increases in development within the floodplain areas are concurrent with flood
and erosion control measures affecting channel processes and in-stream habitat. Removal
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of LWD, channel dredging, levee construction, and riprap installation alter geomorphic
processes in the Big Wood River in many locations. In the last 20 years, Blaine County
authorized at least two bar removal operations just north of Broadford Bridge due to
insufficient flow capacity. The Bellevue Ditch Co. has frequently dredged gravel above
the headgate at Howard Park. In the 1980s, the Bellevue Ditch Co. dredged the entire
river hundreds of feet upstream and downstream from their operations, a practice that has
been stopped under the guidance of IDWR. Other canal companies may have had similar
practices. Ranchers upstream from the Glendale Bridge frequently dredged the riverbed
in the past, but IDWR has since limited or eliminated such operations (per
communication from Tom Blanchard, City of Bellevue, September 22, 2006).
In 1969, USACE built a discontinuous series of levees between Bellevue and Ketchum in
anticipation of major flooding that year. The USACE does not consider these levees to be
adequate to withstand floods reaching the 100-year return interval due to insufficient
freeboard, and are therefore not considered to be permanent structures (FEMA 1980). In
the 1998 Fiscal Year, USACE spent $784,930 on the construction of flood control
projects within the study reach (USACE 1998). Additional channel improvements,
mostly riprapping of banks and installing short levees, have been made by local property
owners.
A preliminary survey of bank hardening activities was completed for this study using a
combination of permit data from USACE (provided as latitude/longitude data) and visual
inspection of oblique photography taken from small aircraft while flying the length of the
study reach. Obstructions to visibility (e.g., tree cover, hillslopes blocking flight path)
inhibited the completeness of the field survey. Therefore, results of this survey are
considered to be preliminary and likely underestimate the total length of stream that has
been altered by levee construction and riprap installment. Future work efforts should
focus on ground-truthing the preliminary bank hardening survey for completeness and
accuracy.
Of 21 miles included in the study reach, approximately 8.3 miles – or 40% of the study
reach – is conservatively estimated to be altered by levee construction or riprap
installation (Figure 5). The majority of bank hardening in the study reach falls into one
or more of six categories: 1) protection of straight channels from developing meanders
(as in laterally migrating into floodplain surfaces); 2) erosion protection on the outside
bank edge of a meander bend; 3) erosion protection along the downstream outside bank
edge to prevent meander translation (where the meander migrates downstream instead of
laterally); 4) erosion protection of historical alluvial terraces draining tributaries; 5)
protection of bridge abutments; and 6) erosion control along destabilized portions of
braided segments.
Because most levees are built either at the margins of a pre-existing channel or on the
floodplain some distance from the channel, the restriction of the floodplain limits the
potential cross-sectional area for very high flows. This flow constriction, which produces
higher flow velocities, is an integral part of a levee system’s design. This constriction
increases flow depth, stream power, and stream competence (ability to transport sediment
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of larger grain sizes), preventing the buildup of sediment within the channel. The high
river competence in the area immediately downstream of the leveed section can produce
localized bank scouring.
Farther downstream, the expansion of the channel generates a decrease in stream power
and competence, leading to local sedimentation of the river channel. This loss in channel
capacity can, in turn, increase localized flooding.
Areas upstream of a leveed reach tend to experience a different but related problem.
Leveed channels are almost always much narrower than the natural channel system.
During rising flood stage, flow in the wide natural channel is forced into these
constrictions, causing the water to back up and lead to increased localized flooding
upstream of the levees (Mount, 1995).
Finally, levees and riprap installation are not permanent features. In the State of
California, the majority of levee-related flooding and damage has been the result of levee
failure, whether constructed by USACE, the Soil Conservation Service, or by private
property owners (Mount 1995). Even though USACE and the Soil Conservation Service
build the most durable levees, the majority of levees are typically constructed and
maintained by private landowners and local flood control agencies with little oversight
from government engineers.
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Qualitative Analysis of Historical Channel Patterns
The importance of evaluating channel patterns over time derives from the inherent
relationship of the underlying geomorphic processes to different channel patterns.
Channel patterns are closely related to the amount and character of available sediment
and transport capacity and, in some areas, the influence of vegetation (Leopold et al.
1995). Channel patterns for the Big Wood River include anastomosing, braided,
meandering, sinuous and straight patterns; definitions and characteristics of
anastomosing, braided, and meandering channel patterns are explained in Appendix A.
Changes in channel patterns are indicative of changes in channel processes. For example,
a downstream change in channel pattern from meandering to braided may reflect an
extreme increase in sediment supply (Smith and Smith 1984). In another example,
downstream channel narrowing with an increase in stable, vegetated bars can indicate
either a decrease in sediment supply or a decrease in discharge (Patten 1998). Dredging
and historical removal of wood from the Stilliguamish River was associated with a
change in channel pattern from a complex anastomosing system to a single thread
channel (Collins and Montgomery, 2001).
Additionally, a change in channel type or sinuosity in sequential aerial photographs can
indicate a significant change in discharge, sediment supply, transport capacity, riparian
vegetation, or supply of woody debris. Accordingly, changes in channel pattern must be
interpreted in the context of these complementary and potentially competing channel
processes (Montgomery and MacDonald, 2002; Rapp and Abbe, 2003).
Within the study reach, changes in channel patterns generally reflect a complex river
system becoming more simplified over time (see Table 7 and Appendix B). Changes in
channel patterns occur in response to climatic events (floods), local land disturbance, and
potentially from increased sediment production from the upper watershed. Land
disturbance within the study reach primarily includes clearing of riparian vegetation,
encroachment of the stream corridor, road and bridge construction within the stream
corridor, bank hardening activities (e.g., levees and riprap), channelization, and removal
of LWD.
Although the earliest available aerial photograph record (1943) corresponds to high levels
of land disturbance, some sections of the river appear to have maintained a degree of predisturbance channel patterns (see Table 7 and Appendix B). These sections of river
exhibit meandering and complex anastomosing channel patterns. For example, within the
Gimlet area, an anastomosing channel pattern is present throughout the majority of subreach 7 in 1943 (see Figure 6). This reach is characterized by a series of vegetated
floodplain islands with relatively narrow channel widths as flows are accommodated by
multiple channels and channel banks are reinforced by the root systems of the riparian
canopy. The main flow may avulse back and forth between these channels, but the
vegetated islands provide an element of stability, supporting a system that is biologically
and ecologically robust. With at least two active channels, this reach has at least twice as
many pools, twice as much shoreline cover, and twice as much aquatic habitat (e.g.,
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spawning, rearing, and overwintering habitat for salmonids). These multi-threaded
systems have greater channel bank stability (less channel bank erosion) during periods of
high flows due to hydraulic forces being distributed through multiple channels instead of
only one.
By 1977, previous flooding initiated channel widening in the remaining anastomosing
section of the sub-reach, but the river remains locationally stable. Just downstream,
vegetation removal and encroachment posed by development began destabilizing the
system by removing access to secondary channels previously used for flood conveyance,
thus contributing to channel bank erosion and braiding downstream. By 2006, the Gimlet
sub-reach is a single-threaded sinuous channel characterized by long amplitudes, partial
isolation from the floodplain, partial isolation from secondary channels, losses in
shoreline length and aquatic habitat, and increased susceptibility to channel bank erosion.
Conversion to a sinuous channel increases stream power by decreasing sinuosity and
increasing flow conveyance.
Concurrently, greater stream power in upstream sub-reaches increases channel instability
downstream as the channel replaces lost in-channel sediment storage functions once
present in other areas. For example, some meandering and anastomosing sections of the
Big Wood River became braided over time within sections of the study reach (see Figure
7). For example, widespread braiding near the Deer Creek Confluence (sub-reaches 16
and 17) occurs in response to increased sediment transport from upstream sub-reaches,
initiating dramatic channel widening and braided channel patterns due to increased
sediment deposition. The consequences of greater sedimentation include increased
flooding (as sediment deposition decreases flow capacity), accelerated bank erosion (as
the channel thalweg moves unpredictably across the active channel), and expansion of the
active channel.
The widespread prevalence of channel widening and braiding within the study reach
appears to be a modern-day phenomenon, reflecting a destabilized fluvial system.
Streams in their natural state, with relatively undisturbed forested catchments and riparian
zones, are likely to experience fluctuations between incision and aggradation in response
to naturally occurring fluctuations in sediment supply and woody debris loading (Rapp
and Abbe 2003). Braiding occurred in the main channel, but did not appear to promote
the dramatic channel widening and braiding visible in the recent photo record. The
following section, Channel Characteristics, compares channel widths measured in the
field to those reported in the GLO survey notes.
Prior to settlement, the Big Wood River experienced some braiding in the main channel
in response to major fluxes in key inputs (water, sediment, and woody debris), but
maintained a meandering or anastomosing pattern, with vegetated in-channel floodplain
islands and a multi-channeled system. References in the GLO survey notes (1882) of
sloughs associated with Big Wood River throughout the study reach support this
assertion, inferring a multi-channeled system separated by vegetated floodplain islands.
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Table 7. Changes in channel patterns for the Big Wood River in the study reach
from 1943 to 2004. Sub-reaches in bold indicate avulsions occurring in the photo
record during one study period (1943-1977); sub-reaches in bold and italics indicate
avulsions that occurred during more than one study period (1943-1977 and 19882004). The asterisk (*) refers to land use alterations evident on the 1943 aerial
photographs (e.g., removal of riparian vegetation, confinement of channel). See
Appendix A for explanations of channel patterns and their associated geomorphic
functions. See Appendix B for the results of the qualitative aerial photographic
analysis.
Reach #

Observed Channel Pattern
Bridges

1943-1977

1977-1988

1988-2004

1*

Sinuous

Sinuous

Sinuous

2*

Straight

Straight

Straight

3*

Sinuous

Sinuous

Sinuous

River Run

4*

Sinuous

Sinuous

Sinuous

Meadow Cr

5*

Meandering to Braided

Braided to Sinuous

Sinuous

Unnamed

6*

Straight to Braided
Anastomosing &
Anastomosing to Braided

Braided
Anastomosing &
Braided

Hwy 75

8

Braided

Braided

9

Braided

Braided to Sinuous
Anastomosing & Braided
to Sinuous
Braided to
Braided/Sinuous
Braided/Sinuous to
Sinuous
Straight

7

10*

Straight

Braided to
Braided/Sinuous
Straight

11*

Sinuous

Sinuous

Sinuous

12

Meandering

Meandering

Meandering

13

Meandering to Sinuous

Sinuous

14

Meandering

Meandering/Braided

Gimlet

E. Fork
Hwy 75
Starweather

15

Meandering

Sinuous
Meandering to
Braided/Sinuous
Meandering/Braided

16

Anastomosing

Braided

Braided

Deer Cr

17*

Anastomsing

18*

Sinuous

Braided
Braided/Meandering to
Meandering
Straight

Buillon

Braided/Sinuous

19*

Straight

Braided
Sinuous to
Braided/Meandering
Straight

20*

Meandering to Straight

Straight

Straight

21*

Sinuous to Braided

22*

Anastomosing to Braided

23*

Straight

Braided/Sinuous
Braided to
Braided/Sinuous
Straight

Braided/Sinuous
Braided/Sinuous to
Sinuous
Straight

CO Gulch

24*

Braided

Braided

Braided

Broadford

25*

Sinuous to Braided

Braided

Braided

L. Broadford

26*

Braided

Braided

Braided

27*

Braided

Braided

28*

Braided

Braided/Meandering

Braided
Braided/Meandering to
Meandering

29

Anastomosing & Meandering
to Braided

Braided
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1977

1988

Vegetated
floodplain
islands

2004

2006
(flood)

Abandonment of
secondary
channels

Avulsion

Example of relic
channel inundated only
during medium and
large flood events.

Figure 6. Aerial photograph timeline for the Big Wood River in the vicinity of Gimlet. Reduction in sinuosity and abandonment of
secondary channels in the lower half of the reach from 1943 to 1977 are concurrent with riparian vegetation removal, road building,
and encroachment from development. By 2006, all secondary channel features visible in 1943 are abandoned and are not engaged
except during large-sized floods; the anastomosing/meandering system observed in 1943 is a sinuous channel in 2006 with long
amplitudes, low sinuosity, and higher stream power. The flow during the 2006 photo set is estimated at 5,700 cfs, which is equivalent
to 25- to 50-year flood return interval.
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Vegetated floodplain
islands characteristic
of anastomosing
channels

Avulsion

Avulsion

1943

1976

1988

2004

2006
(flood)

Figure 7. Aerial photograph timeline for the Big Wood River in the vicinity of Deer Creek confluence. In 1943, sub-reaches 16 and 17
exhibit the anastomosing channel pattern with multiple channels separated by vegetated floodplain islands. In 1977, secondary
channels are becoming isolated from the active channel and braiding begins to occur in the main channel. By 1988, sub-reaches 16
and 17 are overwhelmed with sediment and exhibit aggravated channel expansion, unstable channel bank erosion, and extensive
braiding. Two avulsions are visible from 1988 to 2004 and appear to have been initiated by the increased sediment load. The flow
during the 2006 photo set is estimated at 5,700 cfs, which is equivalent to 25 to 50-year flood return interval.
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Channel Characteristics
Reach morphology in a free-formed alluvial channel is dependent upon the ratio of
sediment supply to transport capacity, as well as the influence of riparian vegetation and
other boundary conditions. The study reach of the Big Wood River currently exhibits two
dominant channel types, braided and plane bed morphologies, and to a lesser degree,
pool-riffle morphology. Plane bed morphology is characterized by a lack of well-defined
bedforms and long stretches of relatively planar channel bed punctuated by occasional
channel-spanning riffles (Montgomery and Buffington, 1993). They differ from poolriffle and step-pool channels in that they lack rhythmic bedforms (e.g., depositional
features such as gravel bars, scour features such as pools) and are usually armored by a
bed surface layer that is coarser than the subsurface. Within the study reach, plane bed
morphologies are associated with straight and sinuous channel patterns and pool-riffle
morphologies are associated with meandering and anastomosing channel patterns (see
Table 8). Sinuous sub-reaches also exhibit pool-riffle morphology, but on a more limited
basis than in meandering sub-reaches.
Morphologic conditions within each channel pattern vary in the study reach in terms of
pool frequency, LWD loading, entrenchment within its floodplain, encroachment from
development, and other characteristics. Limited field surveys attempted to capture this
variability wherever possible. Although morphologic characteristics were surveyed for
each channel pattern, special focus was spent on observing the variability of straight subreaches, given the pressures land use activities place on these sub-reaches. One of the
most degraded straight reaches is located upstream of the Bullion Bridge in Hailey (subreach 19), and potentially the least degraded straight reach is located downstream of the
Colorado Gulch Bridge (sub-reach 23).
Both sub-reaches 19 and 23 share a plane bed morphology and have relatively narrow
mean bankfull widths (141 feet and 117 feet respectively). They also share a steep
hillslope confining channel migration on River Right. However, these two reaches differ
in the level of entrenchment, extent of riparian cover, and intensity of encroachment from
development. Sub-reach 19, located in Hailey, is highly entrenched, with floodplain (now
terrace) banks up to 10 feet in height; the width-to-depth (W/D) ratio is 10, which is the
lowest of all the surveyed reaches, implying a relatively high stream power (Knighton,
1998). The channel contains all but the largest floods; even the flood of record in May
2006 did not result in significant overbank inundation in many areas of the sub-reach.
Sub-reach 19 has houses up to the bank edge with little to no riparian cover, and riprap in
some areas. This reach has no pools or gravel bars, is heavily armored, and exhibits high
flow velocities even during low flows.
Sub-reach 23, however, is not entrenched, with floodplain banks averaging 2.8 feet in
height and a W/D ratio of 38; the floodplain is probably inundated during smaller floods.
This reach does not appear to have any development within at least 500 feet of the active
channel, no evident bank hardening, and has a riparian corridor no less than 200 feet in
width and up to 500 feet in width in many portions of the reach. Where sub-reach 19 has
zero pools, a few pools were observed in sub-reach 23, all the result of LWD loading
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forcing their formation. The gravel bars present in sub-reach 23 are infrequent. When
present, they are thin, shallow, and armored.
Of the sinuous sub-reaches, sub-reach 1 in Ketchum was surveyed. Like sub-reach 23,
sub-reach 1 has a relatively narrow mean bankfull width (136 feet) and is not entrenched
until it transitions into sub-reach 2, which is moderately to highly entrenched. The W/D
ratio is 24. Sub-reach 1 exhibits a plane bed/forced pool-riffle morphology, with few
pools and nearly all forced by LWD. Riprap is prevalent along portions of this reach, and
floodplain bank height averages 4.4 feet on River Right, 2.4 feet on River Left.
Development occurs up to the bank edge and directly correlates to the removal of the
majority of riparian cover (less than 25% cover) on River Left. The gravel bars present in
this reach are thin, shallow, and armored. Straight and sinuous channel patterns account
for 36% of the study reach (11% and 25% respectively) (see Table 8).
Nearly half of the study reach (48%) is braided (see Table 8). High sediment supply, lack
of valley confinement, easily erodible banks, and increases in upstream transport
efficiency from land use changes have favored the development of these braided subreaches as deposition initiates lateral channel shifting across the channel bed (Leopold
and Wolman, 1957; Leopold et al., 1964). Within these sub-reaches, bedforms are mobile
and the location of the active channel in braided reaches can change rapidly. The larger
channel widths associated with the braided channel pattern imply a shallower flow depth
than for an analogous confined channel (Montgomery and Buffington, 1993). These
reaches are effectively transport-limited; in the Big Wood River, they act as sediment
dumps, partially compensating for lost sediment storage functions in upstream subreaches.
Of the braided sub-reaches, sub-reach 27 was surveyed. Characteristic of braided channel
types, sub-reach 27 has the widest mean channel width and the largest W/D ratio (538
feet and 70 respectively). Gravel bars are long, wide, and have variable heights with
mean dimensions 1,428 feet, 363 feet, and five feet respectively. Sub-reach 27 has the
highest occurrence of pools measured in the field, most of which were free-formed, with
one beaver dam-forced pool on an active side channel, and others that were LWD-forced
and bank-forced. Riprap occurs intermittently and corresponds to moderate entrenchment
throughout the surveyed portion of the sub-reach. The mean Left Bank height is 5.2 feet
and the Right Bank height is 5.2 feet with riparian cover that varies from between 5080% to less than 25%. This sub-reach exhibits the most functioning LWD of any subreach surveyed, by initiating pool formation, providing bank and bar stability, and acting
as a step former.
The meandering channel pattern accounts for 16% of the study reach (see Table 8) and
exhibits free-formed pool-riffle morphology. Pool-riffle channels have an undulating bed
that defines a sequence of bars, pools and riffles (Leopold et al., 1964). It is this lateral
oscillation between bedforms that distinguishes this channel type from others discussed
in this report. Pools are topographic low points within the channel and bars are the
corresponding high points; riffles are the topographic cross over from pool to bar. Freeformed pool-riffle morphology requires a sufficiently large width-to-depth ratio and small
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grain sizes easily scoured by the cross-sectional flow. These channels differ from braided
segments in that very large W/D ratios may form braiding, rather than alternating bars
(Montgomery and Buffington, 1993).
Of the meandering sub-reaches in the study reach, sub-reach 12 was surveyed and is
located upstream of the Starweather Bridge. Unlike sub-reaches 19, 23, and 1, sub-reach
12 has a relatively moderate mean bankfull width (203 feet) and a similar W/D ratio to
sub-reach 1, equal to 25. This sub-reach exhibits the highest number of free-forming
pools, and including LWD-forced and boulder-forced pools, has one of the highest
occurrences of pools of all the surveyed reaches. Sub-reach 12 is also one of the few subreaches supporting a variety of microenvironments with ideal spawning (gravel presence
and stability), rearing (pool formation with riparian cover), and overwinter habitat (offchannel habitat). Riprap and encroachment from development occur just upstream and
downstream of the meander, where the channel is moderately entrenched. The average
Left Bank height is 4.8 feet and Right Bank height 3.7 feet. Gravel bars in this sub-reach
average length is 292 feet, width 64 feet, and height 2.6 feet.
Along the main stem, the presence of functioning LWD was noted for all of the surveyed
sub-reaches except for sub-reach 19 located in Hailey. External flow obstructions, such as
LWD and bedrock outcrops, force local flow convergence, divergence, and sediment
impoundment that respectively forms pools, bars, and steps. The morphologic impact of
LWD depends on the amount, size, orientation, and position of the debris, as well as
channel size (Bilby and Ward 1989, Montgomery et al. 1995, Bilby and Bisson 1998) and
rates of debris recruitment, transport, and decay (Bryant 1980, Murphy and Koski 1989).
Single logs oriented obliquely can result in scour pools and proximal sediment storage by
both upstream buttressing and downstream deposition in low-energy zones. However, in
larger rivers such as the Big Wood River, debris jam formation can influence channel
pattern and floodplain processes in forested systems by armoring banks, developing
pools, bars, and side channels and forcing bank cutting and channel avulsions (Bryant,
1980; Nakamura and Swanson 1993, Abbe and Montgomery 1996). 80% of the pools in a
series of small streams in the Idaho Panhandle are associated with woody debris (Sedell
et al, 1985). In particular, LWD may force pool-riffle morphology in otherwise plane-bed
or bedrock reaches (Montgomery et al. 1995, 1996). Consequently, plane bed reaches are
considered rare in undisturbed forested environments where LWD dominates the
formation of pools and bars. It is important to recognize forced morphologies as a distinct
channel type because interpretation of whether such obstructions govern bed morphology
is crucial for understanding channel response in disturbed systems (Montgomery and
Buffington 1998).
Gravel bar characteristics can be used as a barometer for qualitatively understanding
sediment transport and sediment storage functions in different sub-reach types. Gravel
bars vary in size and frequency depending on the sediment transport characteristics of a
given channel pattern. Preliminary field studies indicate that straight channels have the
most limited sediment storage functions, with a near absence of gravel bars. Sinuous subreaches have limited gravel bar development, typically armored, relatively shallow and
narrow. Meandering sub-reaches have the widest variety of gravel bars in terms of
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dimensions, grain size of substrate, formation factors, and micro-habitat development. In
braided sections, the most prevalent channel pattern in the study reach, gravel bar
dimensions are typically very large with varying degrees of activity. Grain sizes for
gravel bars in braided sub-reaches vary from sands to gravels and cobbles. The majority
of sediment storage occurs in the braided portions of the Big Wood River.
GLO survey notes (1882) suggest that channel widths of the main stem of the Big Wood
River were generally much smaller around the time of major settlement activities, as flow
diverged into numerous secondary channels. In Ketchum, reported channel widths for the
main stem averaged 88 feet; the mean channel width for sloughs was 22 feet. Between
Ketchum and Hailey, the mean channel width for the main stem was 66 feet and for
sloughs was 23 feet. Between Ketchum and Hailey, the “Wood River divided into
different channels by small sandy islands” and “spreads out into a number of small
channels separated by low sandy islands”(GLO 1882), suggesting that portions of the
main stem were braided as the river adjusted to fluxes of sediment supply from the
contributing watershed. However, the degree of braiding appears to be of a smaller
magnitude than observed in channel forms present today, as the channel widths from
1882 are substantially smaller than those measured in the field (in 1882, the maximum
width of the main stem channel between Ketchum and Hailey was measured at 100 feet).
From Hailey to Bellevue, the mean channel width increased to 137 feet and the mean
channel width of sloughs increased to 29 feet. Within and south of Bellevue, the main
stem mean channel width was 137 feet and 127 feet respectively, and 33 feet and 24 feet
respectively for the sloughs. The widest main stem channel width was measured at 264
feet between Hailey and Bellevue, and the narrowest channel width was measured at 50
feet between Ketchum and Hailey (GLO 1882).
Table 8. Total length of current channel pattern types within the study reach of the
Big Wood River.
Channel Pattern
Anastomosing
Meandering
Braided
Sinuous
Straight

Length (miles)
0
3.7
10.9
5.7
2.6

Length (% of Study Reach)
0%
16%
48%
25%
11%

As noted previously, topographic information is limited for the study reach. However,
two separate FIS studies for the study reach provide an opportunity for comparing
changes in the elevation of the channel profile over time. The cross-sectional data used
for developing USACE (1970, 1971) and FEMA (1998) were used to plot channel
profiles for 1967 and 1994 channels (when the data were originally collected). (See
Figure 8.) Comparing these data can provide insight into changes in stream power and
deposition over time as well as vertical variability of the channel bed. The bed of a
channel may rise (aggrade) and fall (incise) as it adjusts to fluxes in woody debris,
sediment loading, and flooding activity within the system. Activities that initiate
aggradation (and therefore increase avulsion hazards) include log jam formations, dams,
or landslides that impound the channel. As a channel aggrades, flooding occurs over
greater areas of its floodplain, thus activating relic channels, swales, and secondary
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channels. Long-term incision (caused by log jam/snag removal, channelization, or
dredging) causes a channel to abandon its floodplain, which diminishes avulsion hazards.
Incised channels, however, may still be unstable, since incision often initiates a period of
channel widening as unstable banks collapse (Rapp and Abbe 2003). The process of
incision can also be reversed from log jam formation.
Figure 8 suggests that increases in stream power and down-cutting of the channel bed
have occurred near and downstream of Ketchum to the East Fork Road Bridge, causing
greater efficiencies in the conveyance of key inputs (water, sediment, and woody debris).
Concurrently, sub-reaches downstream of Buillon Bridge have generally responded with
an increase in sedimentation, decreases in stream power, and aggradation.
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Figure 8. Profile of the Big Wood River channel in the study reach in 1967 and 1994
using FEMA floodplain map data (USACE 1970 and 1971, FEMA 1998).
It should be noted that the information provided in Table 8 is qualitative: 1) the methods
used for collecting cross sectional data differ between 1967 and 1994. This difference
appears to have exaggerated the differences in apparent down-cutting near the Warm
Springs confluence and sedimentation near the Glendale Diversion; 2) Figure 8
illustrates two data sets for processes that occur over a continuum; further investigation
may be warranted for determining if these two data sets capture a trend in channel
evolution from 1967 and 1994, or if the relative differences are the result of a temporary
change in channel profile whose correction is not captured in the available data. Even so,
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the trends visible in Figure 8 are generally consistent with observations using other lines
of investigation (e.g., analysis of channel patterns over time, field studies, loss of
sinuosity from 1943 to 2004).
Sinuosity is a ratio used for measuring a channel’s curvature that is calculated by dividing
the channel length by the valley length. Valley and channel lengths were digitized into
GIS for the two photo series (1943 and 2004) previously available in georeferenced
format from the Wood River Land Trust. In previous work, the WRLT digitized the low
flow channels from the 1943 and 2004 aerial photo data sets. Sinuosity values are
compared between these two data sets to determine changes in stream length over time
(see Figure 9). According to the Wood River Land Trust, the study reach experienced a
decrease in overall sinuosity resulting in the loss of 1.69 miles of channel length from
1943 to 2004. This decrease in sinuosity reflects an increase in stream power, loss of inchannel sediment storage functions, and loss of aquatic habitat structure in straight and
sinuous sub-reaches, but does not account for losses in sinuosity that occurred prior 1943
from channelization and land use activities.
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Figure 9. Sinuosity of the Big Wood River in the study area by sub-reach from 1943
to 2004 (data provided by Wood River Land Trust).
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Habitat Conditions
Aquatic Habitat
Aquatic habitat is integrally linked to geomorphic conditions. The study reach of the Big
Wood River is characterized as a transport-limited system with low gradients and
variable sub-reach morphology. Riverbed materials consist primarily of cobbles and
gravels, with cobbles dominating many of the sub-reaches of the study reach. Gravels are
more prevalent in the braided sections, cobbles and boulders are more prevalent in the
straight and sinuous sections.
Pool-riffle morphology primarily occurs in meandering sub-reaches 9, 12, 15, 18, and 28.
Plane bed morphology can be found in straight sub-reaches 2, 10, 19, 20, and 23. Sinuous
sub-reaches vary between plane bed and lower quality pool-riffle environments and
include sub-reaches 1, 3-7, 11, 13, and 22. Braided sub-reaches account for the majority
of the study reach and include sub-reaches 8, 14, 16, 17, 21, 24-27, and 29. During low
flow conditions observed in September/October 2006, the channel had an average wetted
depth of 2.8 feet in the observed sub-reaches, and an average maximum pool depth of 3.7
feet at pools. Relatively deep pools are associated with eddies (circular flow), log jams,
and others with extremely large boulders (e.g., 6 feet in diameter).
Secondary channel habitat features were observed on a very limited basis. Future work
efforts should include more thorough surveys of off-channel habitat (i.e., secondary
channel areas located outside of the bankfull width of the main channel), including
backwater areas, side channels, and wetland areas. Private property issues hindered
surveying these features in many areas; remote sensing tools such as light detection and
ranging (LiDAR) could greatly enhance and facilitate the observation of secondary
channel features. A more intensive habitat survey could allow for a limiting factors
analysis, pinpointing the presence/absence of primary riverine features that are critical for
aquatic habitat formation and maintenance as well as an assessment of fish habitat
utilization.
LWD accumulations were noted for providing one or more of the following functions:
pool scour, bank stability (single piece or debris), bar stability (single piece, bar apex
jam, meander bend, channel cutoff), sediment storage, step former, and/or channel
creator. Accumulations of LWD are most prevalent in the braided sections, followed by
the meandering sections of the study reach. Within the surveyed sub-reaches, sub-reach
27 (braided channel morphology) exhibited the highest quantity of functioning LWD,
with an average of 1.4 key pieces per accumulation, mean basal diameter of 2.2 feet, and
mean rootwad diameter of 7.5 feet. LWD accumulations are noted for initiating pool
scour and bar formation, and providing bank and bar stability. Sub-reach 12 (meandering
channel pattern, pool-riffle morphology) averaged 1.3 key pieces per accumulation, with
a mean basal diameter of 2.25 feet and a mean rootwad diameter of 11 feet. These snags
primarily forced pool scour, but also provided bank stability. Sub-reach 1 located in
Ketchum (sinuous channel pattern, plane bed/pool-riffle morphology) had very few LWD
inputs following the flood of record (May, 2006), with an average of 1 key piece per
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accumulation, mean basal diameter of 3 feet and mean rootwad diameter of 9.5 feet.
LWD in sub-reach 1 primarily forced pool scour, but also initiated bar apex jam
development in one instance. Sub-reach 23 located south of the Colorado Gulch Bridge
(straight channel pattern, plane bed morphology) also had very few functioning LWD
deposits with an average of 1 key pieces per accumulation, mean basal diameter of 1.9
feet, and rootwad diameter of 6.5 feet. What few pieces that exist in this reach forced the
only pools present in the sub-reach, but did not provide other functions beyond pool
formation. As previously noted, sub-reach 19 (located in Hailey) had no LWD
accumulations or gravel bar development.
The overall paucity of functioning LWD within the majority of surveyed sub-reaches is
likely due to poor riparian conditions which limit woody debris recruitment. In-stream
woody debris provides for habitat partitioning, complexity, and maintenance of aquatic
habitat, particularly for salmonid fish species. Habitat partitioning and complexity
increase the habitat functionality and availability, allowing a greater number of species
and individuals to coexist. Therefore, in those reaches lacking woody debris or woody
debris recruitment potential, availability of habitat may be reduced over time, resulting in
mortality of rearing salmonid fishes (Herrera 2004). Sub-reach 1, for example, lacks instream woody debris and has correspondingly low number of pools (0), gravel bars (0),
and off-channel habitat areas (0).
However, small aircraft reconnaissance allowed the observation of substantial LWD
accumulations in sub-reaches that were not surveyed on the ground. The largest LWD
accumulations and log jams occur predominantly in the braided sections of the river (see
Appendix C), and appears to have a positive feedback in that braided segments
accommodate the deposition of LWD and the deposition of LWD promotes sediment
deposition.
The surface of gravel bars throughout the surveyed reaches are dominantly cobble/gravel,
except for sub-reach 27 (braided), which is dominantly composed of gravels. These bars
may reflect the depositional characteristics of the sub-reach and the high degree of bank
erosion that is occurring within these sub-reaches. The largest gravel bars were noted in
the braided sub-reach (27) and the most armored gravel bars were noted in the sinuous
and straight sub-reaches (1 and 23 respectively). The meandering sub-reach had the
greatest variety of gravel bars in terms of gravel bar dimensions and dominant surface
substrate. The smallest gravel bars (mean length 19 feet, mean width 9.5 feet, mean
height 9 inches) are composed of small gravels and provided excellent micro-habitat. In
comparison, the larger gravel bars (mean length 429 feet, mean width 100 feet, mean
height 3.6 feet) have a cobble/gravel dominant substrate.

Riparian Habitat
Riparian vegetation includes the trees and understory vegetation in the vicinity of the
river. This vegetation plays a number of important roles in the ecology of the Big Wood
River, including the following (Herrera Environmental Consultants 2004):
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Stabilizes river banks and reduces erosion, thereby increasing the stability of the
river channel and reducing fine sediment input to the river;



Provides hydrologic structure in the floodplain that reduces flow velocities and
retains flood water;



Contributes LWD to the river that creates fish habitat;



Contributes shade over secondary channels;



Contributes organic debris that supports many river food webs;



Supports wildlife habitat.

Destabilizing factors along the channel, such as widespread removal of riparian
vegetation, increase sediment yield by increasing susceptibility to floodplain bank
erosion. The importance of vegetation in the fluvial environment has been well
documented, especially in regard to its role in erosion control (e.g., Smith 1976; Simon
and Hupp 1990; Simon et al. 1999; Abernethy and Rutherford 2000, 2001; Simon and
Collinson 2002), bank stabilization (e.g., Thorne 1990, Simon and Collinson 2002), bank
protection (e.g., Smith 1976, Swanson and Lienkaemper 1982), and bank accretion (e.g.,
Thorne 1990, Hupp 1992). For example, several studies have demonstrated that
converting pasture to forest along creeks results in significant morphologic changes to the
channel, including increased channel variability and widths (e.g., Davies 1997; Trimble
1997; Allmendinger et al. 2000).
Riparian buffers increase resistance to bank erosion and provide lateral stability by
reducing near-bank velocities, reinforcing the bank material, and limiting access to
grazing animals. Channel banks are more prone to erosion when the buffering effects of
riparian vegetation are lost to agriculture, heavy grazing or floodplain development that
extends up to the bank edge. Riparian buffers intercept and detain surface runoff,
reducing the potential for erosion over and through the bank, acting as a sink for
pollutants, and improving in-stream water quality. For these reasons, the existence and
extent of the riparian corridor is an important indicator of channel condition, sensitivity to
change and management status (Thorne, 1998; Rapp and Abbe, 2003). Descriptions of
current riparian conditions are therefore necessary for assessing how current and future
riparian conditions may influence the channel.
The Wood River Land Trust previously completed a general evaluation of changes to the
riparian corridor for the study reach from 1943 to 2004. The results of this work show
that the study area experienced a 25% decrease in riparian cover from 1943 to 2004 (see
Table 9), but does not take into consideration loss of riparian cover prior to 1943.
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Given the importance of riparian cover on channel morphology, aquatic habitat, and
channel migration, future work efforts should include a more detailed evaluation of
riparian conditions for the period of record. Future efforts would benefit from a GISbased evaluation of riparian conditions using aerial photography to identify vegetation
units based on seral stage (early-, mid-, and late-seral stages) and vegetation cover from
1943 to 2006. Riparian cover plays a key role in mitigating the potential for channel
avulsions (Rapp and Abbe 2003), therefore any future evaluation of erosion hazards must
include a more detailed evaluation of riparian conditions.
Table 9. Land use changes within the study area between 1943 and 2004 (data
provided by Wood River Land Trust).
Year
1943
2004
Difference

Riparian and Associated Riparian Areas
(acres)
3643
2724
-919

Agriculture
(acres)
12552
9501
-3501

Development
(acres)
963
5371
4408

Beaver
Early accounts from the 1820s describe the prolific population of beaver that inhabited
the Big Wood River and its tributaries. According to Alexander Ross from 1825, “In the
vicinity of [the Trail Creek confluence with the Big Wood River] were the finest
appearances of beaver we had yet seen. In one place we counted 148 poplar trees cut
down by that animal in less than one hundred yards square.”(p. 252, Spaulding 1956).
Beavers are present in limited numbers within the study reach today; beaver activity (e.g.,
dam building and beaver cuttings) were noted in braided and meandering sub-reaches that
were surveyed in the field (see Appendix C). However, beaver were once extensive
throughout the study reach and exerted a substantial influence on aquatic and riparian
habitats.
For instance, dam building activities of beaver result in water impoundment and the
removal of trees adjacent to streams, thus creating and maintaining wetlands (Finley
1937, Naiman and Melillo 1984, Naiman et al. 1994, Butler 1995). These actions not
only reset the ecological development of the riparian forest, they modify habitat to the
point of creating an entirely new environment. Beaver activities alter stream morphology
and patterns of discharge, decrease current velocity, increase retention times of sediment
and organic matter, and expand areas of flooded soil (Naiman et al. 1988, Butler 1995,
Pollock et al. 1995). As beaver remove trees, insolation occurs followed by increased
rates of primary production, to the point that total density and biomass of invertebrates in
beaver ponds is two to five times greater than in stream riffles prior to damming
(McDowell and Naiman 1986). The interaction of beaver activity and hydrologic
processes influences the successional status of riparian zones. Beaver ponds may return
to stream habitat or fill with sediment to become meadows, wetlands, or bogs depending
on a range of factors, including topography, soil characteristics, existing vegetation, fire
and herbivory (Naiman and Melillo 1984, Naiman et al. 1988). The modification of
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riparian habitat by beaver also influences wildlife community composition for
salamanders, frogs, reptiles, avian and small mammals, and bats (Kelsey and West 1998).
Given the striking reduction in beaver populations from trapping and from habitat loss as
agricultural, industrial, and residential areas expand in the Wood River Valley, it is likely
that only a fraction of the habitat and wildlife diversity that was present historically exists
today. Although previous work attempts to link channel alterations to the decline of fish
populations over time for the Big Wood River (e.g., Thurow 1987, Irizarry 1968), no one
has apparently incorporated the loss of beaver activity in evaluating the health of the
fishery. Clearly such work is beyond the scope and purpose of this report. However,
beaver have historically been an integral component of the ecology of the Big Wood
River, and should be considered when evaluating the protection and restoration of aquatic
resources.
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Conclusions and Recommendations
By 1882, the population of the Wood River Valley is estimated at 800 people in
Ketchum, 1,000 people in Hailey, and 1,500 in Bellevue (GLO 1882), not including
ranchers and farmers living in the adjoining canyons (e.g., Deer Creek, Croy Creek,
Indian Creek areas). Many more people were likely living in the Wood River Valley prior
to the turn of the 20th century. By the 1940s, the period of the first aerial photographic
record, the Wood River Valley had already experienced a population boom and bust from
the rise and decline of mining.
Prior to 1943, climatic events and land conversion, including removal of riparian
vegetation, grazing and agricultural activities, road building, and bridge construction
within the stream corridor initiated substantial changes to channel patterns and channel
morphology. By the 1940s, portions of the Big Wood River were adjusting to
encroachment of channel migration, loss of active secondary channels, flow constrictions
at bridges, and channelization. According to archival information, the Big Wood River
appeared to function as an anastomosing and meandering system prior to settlement. The
study reach may have exhibited limited braiding in some sections of the river as it
adjusted to natural fluxes in sediment and woody debris loading, but the widespread
prevalence of braiding and channel widening in most of the study reach appears to be a
present-day phenomenon.
Over time, pre-settlement channel patterns were largely replaced by braided (49%) and
straight/sinuous (36% combined) channel patterns. Some meandering sections remain,
but account for only 16% of the study reach. Changes in stream power and sediment
transport are reflected in the transition from a dominantly anastomosing and meandering
system to a straight/sinuous and braided system. Generally, pre-settlement riparian
vegetation and channel patterns encouraged the attenuation of flood flows (decreased
severity of flood waters), in-channel sediment storage (decreased severity of
sedimentation), channel stability (decreased erratic bank erosion), and aquatic habitat
diversity. Current channel patterns generally encourage greater efficiency of sediment
transport in straight/sinuous sub-reaches and greater sediment deposition, bank erosion,
and flooding in braided sub-reaches. Widespread braiding, channel widening, and
channel instability appear to be the result of climate and precipitation, potential fluxes in
sediment supply, and land use activities in upstream reaches that isolate the channel from
its floodplain, eliminate or restrict in-channel sediment storage functions, and increase
stream power. Braided sections of the Big Wood River respond to increases in upstream
stream power and sediment transport by serving as a sediment sink, compensating for the
loss of in-channel sediment storage functions historically present in upstream reaches.
The Big Wood River also has a history of channel avulsion; from 1943 to 2004, eight (8)
avulsions were noted in sub-reaches 4, 7, and 16-18.
Changes in channel patterns reflect changes in sub-reach morphology. Pre-settlement
channel morphologies likely included free-formed and forced pool-riffle channel types,
typical of anastomosing and meandering systems; some braiding occurred in response to
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fluxes in sediment, water and woody debris inputs, but not on the widespread scale seen
today. Sub-reach morphology currently includes a spectrum of channel types, from plane
bed morphology in straight and sinuous channels, forced pool-riffle morphology to a
limited degree in sinuous sub-reaches, free-formed pool riffle morphology in meandering
reaches, and braided morphology in braided sub-reaches. Braided sub-reaches exhibit the
greatest in-channel sediment storage; straight and sinuous channels exhibit the least inchannel sediment storage functions. Entrenchment, or the degree in which a channel is
disconnected from its floodplain, is generally coincident with the presence of bank
hardening (e.g., levees, riprap). Channel profile data from 1967 and 1994 suggest a
general trend of increased stream power over time north of the East Fork Road Bridge
and decreased stream power and deposition south of Buillon Street Bridge. Sinuosity
values of the study reach from 1943 and 2004 show an overall decrease in sinuosity over
time and a loss of 1.69 miles of stream length; this does not take into consideration losses
in sinuosity that occurred prior 1943 from channelization and land use activities.
Preliminary field surveys suggest habitat conditions vary from poor to moderate,
depending on the channel pattern and channel morphology of sub-reaches. Straight and
sinuous sub-reaches have the lowest occurrence of pools, and braided and meandering
sub-reaches have the highest occurrence of pools. Pools measured in the field were either
free-formed or forced by LWD. LWD was noted for accomplishing several functions,
including initiating pool scour and step formation and enhancing bank stability, bar
stability, and in-channel sediment storage. LWD accumulations occur most notably in the
braided sections and meandering sections. The few LWD accumulations present in the
sinuous and straight channels account for the formation of the few pools that exist in
these sub-reaches. Land use mapping by the WRLT indicates a 25% decrease in the
riparian corridor from 1943 to 2004, but does not take into consideration riparian removal
prior to 1943, which is likely to have been substantial.
Preliminary surveys of bank hardening activities conservatively estimate 40% of the
study reach is leveed or riprapped. In The Big Wood River, bank hardening activities are
typically associated with protecting 1) straight and sinuous channels from developing
meanders (lateral migration), 2) outside edge of a meander from bank erosion, 3)
meander translation (meander migrating downstream instead of laterally), 4) alluvial
terraces from bank erosion, 5) bridge abutments, and 6) channel widening of banks along
braided sections.
Current floodplain management does not take into full consideration the hazards posed by
flooding and channel migration. Although bank hardening activities are present
throughout the study reach, they do not provide a long-term solution posed by flooding
and erosion hazards. According to FEMA (1980), the 500-year floodplain is at risk of
flooding and/or channel erosion during floods at or above the 10-year return interval due
to potentially complicating factors. Complicating factors include LWD accumulations,
LWD accumulations at under-sized bridges, ice jams, landslides and avalanches that
partially or completely block the channel. For perspective, floods at or above the 10-year
return interval have occurred on average once every 5.8 years over the last 70 years.
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Channel migration along the Big Wood River is not limited to medium- and large-sized
floods. The effective discharge for the Big Wood River, or the flow at which channel
change occurs, is the 1.5-year flood; approximately 73% of bedload is in transport during
the 1.5-year flood and 95% of the bedload is in transport during the 10-year flood return
interval (King et al. 2004). Local jurisdictions should incorporate a larger vision in
regulating where development occurs within the stream corridor, accounting for trends in
channel behavior and the potential for channel migration and channel avulsion.
Although beyond the scope of this study, future efforts should address outstanding data
gaps not adequately covered in this report:


Additional field studies. Time and budget constraints did not allow for field
surveys that adequately covered the range of conditions found within each
category of sub-reaches (e.g., straight, sinuous, braided, meandering). Gravel bar
dimensions, pool frequency, channel dimensions, floodplain characteristics,
entrenchment, etc. vary within each type of sub-reach. Additional field surveys
would provide data for more accurately characterizing channel conditions within
the study reach.



Assessment of the geomorphic effects of the Glendale Diversion. The Glendale
Diversion functions as an impoundment similar to a small- or medium-sized dam.
Impoundments encourage deposition on the upstream side of the structure and
frequently form a sediment wedge that grows in the upstream direction. This
common phenomenon of upstream sedimentation may effect how the City of
Bellevue will need to manage floodplain development in the future. If the
Glendale Diversion is found to promote upstream sedimentation, then the
residents of Bellevue living along the river will be affected by even greater
braiding and channel expansion, and potentially channel avulsion.



Assessment of sediment production. This study does not account for
fluctuations in key inputs (sediment, water, and woody debris) originating from
the contributing watershed, nor does it evaluate the relative contributions of
sediment inputs from landslides, avalanches, and terrace and floodplain bank
erosion. Future efforts would benefit from an evaluation of sediment production
over time in order to refine our understanding of the interplay between hillslope
and channel processes, climate and precipitation, and landuse activities on
channel instability and the degradation of desirable habitat characteristics. If rates
of sediment production from various sources can be correlated with controlling
variables such as vegetative cover or hillslope gradient, then the effects of altering
these controlling variables can be estimated and used to predict the consequences
of changes in climate, expansion of land-use activities, or alternative strategies for
erosion control (Reid and Dunne 1996).



Habitat survey. Future work efforts should include more thorough surveys of
off-channel habitat (i.e., secondary channel areas located outside of the bankfull
width of the main channel), including backwater areas, side channels, and wetland
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areas. A more intensive habitat survey could allow for a limiting factors analysis,
pin-pointing the presence/absence of primary riverine features that are critical for
aquatic habitat formation and maintenance as well as an assessment of fish habitat
utilization. Given the importance of riparian cover on channel morphology,
aquatic habitat, and channel migration, future work efforts should include a GISbased evaluation of riparian conditions using aerial photography to identify
vegetation units by seral stage (early-, mid-, and late-seral stages). Riparian cover
plays a key role in mitigating the potential for channel avulsions (Rapp and Abbe
2003), therefore any future evaluation of erosion hazards must include a more
detailed evaluation of riparian conditions.


Finalization of bank hardening survey. The preliminary bank hardening survey
should be ground-truthed for accuracy and completeness.



LiDAR. LiDAR is highly desirable, if not critical, for dramatically improving
floodplain mapping of the study reach. LiDAR data would allow for the
observation of secondary and relic channels, swales, and topographic lows needed
for assessing avulsion hazards. Currently, floodplain mapping efforts are too
limited in resolution to serve this purpose and private property issues (and time
and cost) make ground surveying of these features prohibitive.



Reach Analysis and Erosion Hazard Management. See section
Recommendations for Future Work below.

Recommendations for Floodplain Management and
Restoration Activities
Without quantitative planimetric studies (see section below), recommendations for
floodplain management and prioritization of restoration opportunities are preliminary.
However, basic trends in channel behavior are evident from the qualitative aerial
photographic analysis and provide the basis for the suggestions provided below:


Though altered, meandering and braided sub-reaches currently provide the best
available aquatic habitat in the study reach. These areas include stretches of the
Big Wood River upstream of Starweather Bridge (sub-reach 12), downstream of
Starweather Bridge to River Grove Ranch (sub-reaches 14-18), downstream of the
Croy Creek confluence (sub-reach 21), and upstream of Broadford Bridge to the
end of the study reach (sub-reaches 24-29). Floodplain functions should be
protected as much as possible in these areas.



Restoration (and land acquisition) efforts may best be served by prioritizing
straight and sinuous reaches that are not entrenched, have intact riparian cover,
and connect other braided or meandering sections of river. Examples include subreaches 13 (downstream of Starweather Bridge), 22 and 23 (in the vicinity of
Colorado Gulch Bridge). These reaches of river have not been affected by
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incision, which can be difficult to reverse, and have intact riparian corridors that
can provide LWD to the channel system. Targeting restoration efforts in subreaches like 13, 22, and 23 may provide the greatest biological benefit for the
lowest cost. Other viable opportunities for restoration, enhancement, and
acquisition certainly exist in other sub-reaches in the study reach. For example,
constructing an Engineered Log Jam (ELJ) in a braided section of river could be
designed to enhance long-term sediment storage and multiple channel
development; ELJs could also be used in some locations to reconnect the river to
a secondary channel that is only active during the highest flows. This report
provides recommendations on the highest priority for restoration, enhancement,
and/or acquisition efforts, not the limits of where they should occur.


Local jurisdictions should consider trends in channel behavior in their floodplain
management strategies, specifically aggravated sedimentation occurring in
substantial sections of the Big Wood River. Increased stream power and sediment
transport in channelized areas increases deposition in braided, meandering, and
some sinuous sections, initiating channel expansion, bank erosion, and in some
cases, avulsion. Limiting development in braided sub-reaches may prove to be
one of the highest priorities, given the inherent instability of this channel type. In
addition, deposition of materials does not occur over static geographic areas;
deposition can migrate upstream or develop in other areas, changing sinuous
sections of river into braided ones. Previously sinuous sub-reaches were observed
developing some braiding over the period of record. Local factors (e.g., Glendale
Diversion, bridges) also cause localized braiding and bank erosion.



Where feasible, a levee-setback program could be used to balance protection of
private property with increasing geomorphic and aquatic habitat values. Ideally, a
levee-setback program would occur in stretches of river with a greenbelt
separating private property from the river (e.g., sub-reach 24 located upstream of
Broadford Road Bridge).



Bridges crossing the Big Wood River should be reviewed to determine their
replacement schedule; opportunities may exist in the near future for considering
design options that enhance stream functions and aquatic habitat.

Recommendations for Future Work
Currently, floodplain management does not incorporate erosion hazards affecting human
health and safety. Common tools used to assess flood hazards, such as Flood Insurance
Rate Maps (FIRMs), are based on fixed-bed hydraulics and do not characterize areas
susceptible to channel erosion either within or outside of the areas prone to flooding. As a
result, many floodplain and floodway boundaries on FIRMs are reliable for only short
periods after their production. Given their short-term reliability and focus on inundation,
FIRMs fall short in portraying the geomorphic hazards that bank erosion and channel
avulsion may pose to land and infrastructure. This limits their usefulness in planning
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areas that are safe for development. As a consequence, the costs of property lost to bank
erosion are commonly transferred to the landowner (Rapp and Abbe 2003).
WRLT is encouraged to work in cooperation with stakeholders such as the local
municipalities (Blaine County, Cities of Ketchum, Hailey, and Bellevue), state agencies
(e.g., Idaho Department of Transportation), and federal agencies (e.g., FEMA) in
generating a Reach Analysis and Erosion Hazard Management Plan for the study reach
using the methods outlined in Rapp and Abbe (2003). The principal goal of a Reach
Analysis and Erosion Hazard Management Plan is to predict areas at risk for future
channel erosion by delineating the Channel Migration Zone (CMZ) – the area where a
stream or river is susceptible to channel erosion. CMZ delineations help reduce risks to
human communities by guiding development in and along river systems away from such
areas. Limiting development within CMZs also reduces the costs of repairing or replacing
infrastructure and major civil works that might otherwise be threatened or damaged by
channel migration. Additionally, CMZ delineations can provide guidance in reducing
degradation and loss of critical aquatic and riparian habitats, helping assure that fluvial
process are accommodated and that the river landscape is not permanently degraded or
disconnected from the river by development (Rapp and Abbe 2003). The primary work
products from a Reach Analysis and Erosion Hazard Management plan include an
Erosion Hazard Map outlining high, moderate, and low hazards to channel migration,
descriptions of high hazard locations, and proposed measures for protecting critical
infrastructure most at risk of channel erosion.
The Reach Analysis and Erosion Hazard Management Plan has numerous applications
for local jurisdictions and the WRLT:


Protection of Critical Infrastructure. The objectives of a Reach Analysis and
Erosion Hazard Management Plan are twofold: 1) to quantitatively evaluate the
erosion hazards posed by channel migration and avulsion to private property and
infrastructure, 2) to investigate the feasibility of erosion protection measures that
balance desirable aquatic and geomorphic processes. Local jurisdictions will be
able to use the Reach Analysis and Erosion Hazard Management Plan to weigh
the benefits and costs of alternatives for protecting infrastructure.



Educational Tool. The public will have access to information disclosing erosion
risks to their property or property they are interested in buying. FIRMs provide
information to the public on the hazards of flood inundation within the 100-year
and 500-year floodplain but do not describe erosion hazards, which may pose a
more serious risk to human health and safety than flooding.



Regulatory Tool. Local jurisdictions could use the Reach Analysis and Erosion
Management Hazard Plan to make informed decisions regarding floodplain
management:
¾ Develop ordinances promoting the protection of human health and
safety by limiting development in high and moderate hazard areas.
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Local jurisdictions around the country have passed ordinances designed to
manage channel erosion hazards (e.g., King County, Washington; Pima
County, Arizona; State of Vermont; State of Washington) by limiting
development in high and moderate hazard areas.
¾ Develop appropriately-sized riparian setbacks specific to the Big Wood
River.
¾ Develop creative strategies for mitigating channel alterations (bank
hardening activities, dredging, snag removal) when necessary. For
example, current regulations allow for the mitigation of bank hardening
activities on private property with on-site enhancement (on-site
mitigation). In some instances, on-site activities may do little within the
context of the Big Wood River to have an appreciable beneficial effect.
The Reach Analysis and Erosion Hazard Management Plan would offer
information on where to prioritize restoration and enhancement efforts and
provide the context for deciding where off-site mitigation is more
beneficial.
¾ Develop incentive-based strategies for moving people out of the areas
of highest risk. For example, Transfer Development Right strategies have
sending and receiving areas where development is stimulated to move
away from areas of critical concern to areas that better support greater
density and development. Areas within the CMZ that are determined to be
of high and moderate risk to channel erosion hazards could be included as
TDR sending areas with a generous 2-1 or 3-1 credit system.

Report Limitations and Guidelines for Use
This report was prepared for the Wood River Land Trust and should not be assumed to be
a complete definition of all geomorphic conditions. Conditions within the Big Wood
River may change over time as a result of climate and precipitation, sediment delivery,
land use and flood management policies. This report should not be construed as a
guarantee of future conditions in the Big Wood River project area. Ms. Rapp believes
that the results of this study are reasonable, however fluvial geomorphology is not an
exact science, and conditions and interpretations can change with time and additional or
different data. Changes in fluvial conditions or their interpretation may require
modifying the conclusions and recommendations section.
This report was generated to meet the specific needs of the Wood River Land Trust;
therefore this report may not be adequate or appropriate to apply to other projects within
the same area. This report is not intended for use in engineering applications, though
some of the contents may provide context to reach-scale processes occurring on a sitelevel. Interpretations of fluvial conditions are based on the results of limited field
surveys and available information. Professional judgment is used to render opinions
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about geomorphic conditions within the study area; actual conditions and trends in
channel processes may differ from those indicated in the report. Conclusions and
interpretations found in this report should not be construed as a warranty of geomorphic
conditions in the project area. This report is intended to be used in its entirety and no
excerpts may be taken to represent of the findings of this study.
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Glossary
accretion. The gradual addition of land along the edges of a channel by lateral migration
(which deposits sediment carried by stream flow).
active channel. The portion of a channel that is largely unvegetated, at least for some
portion of the year, and inundated at times of high discharge (Montgomery and
MacDonald 2002).
aggradation. An increase in sediment supply and/or decrease in sediment transport
capacity that leads to an increase in the channel bed elevation. An increase in base level
can decrease sediment transport capacity, thereby initiating aggradation.
alluvial channel. A channel formed in material (sand, gravel, cobbles, or small boulders)
that moves during floods. Alluvial channels convey channel bed and bank materials
under present flow conditions and adjust their dimensions, shape, and gradient under the
present hydrologic regime. For the most part, streamflow, sediment supply, and woody
debris control how alluvial channels change over time.
alluvial terrace. An abandoned floodplain, produced by past vertical instability in the
fluvial system. Alluvial terraces are inactive depositional surfaces within a current
hydrologic, climatic, and tectonic setting. Alluvial terraces can result from a lowering of
the river’s base level, from channel incision, or from changes in hydrology.
alluvium. Material (sand, gravel, cobbles, or small boulders) that is deposited by flowing
water.
anastomosing channel. A type of alluvial channel with multiple, interconnected,
coexisting channels. Anastomosing channels have vegetated islands between channels,
whereas braided channels have bare bars. Two processes occur simultaneously in
anastomosing channels: (1) avulsion, which creates a pattern of multiple channels; and
(2) lateral migration of the individual channels that exist within the anastomosing pattern
(i.e., individual meander belts).
avulsion. Described by Allen (1965 5:119) as “the sudden abandonment of a part or the
whole of a meander belt by a stream for some new course.” Channels may avulse into an
abandoned channel or create a new channel depending on the preexisting boundary
conditions that initiate the avulsion.
bankfull stage. The stream level that corresponds to the discharge at which channel
activity (sediment transport, the formation and/or reformation of bars, the formation
and/or alteration of bends and meanders, etc.) results in the normally occurring
morphologic characteristics of channel (Dunne and Leopold 1978).
bar apex jam. Bar apex jams, a principal mechanism in the formation of anastomosing
channel systems in the Pacific Northwest, resemble an upstream-pointing arrowhead and
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typically occur at the upstream end of mid-channel bars and forested islands; found in
large channels with low to moderate gradients, they are bi-directional flow diversion
structures that create forest refugia in channel migration zones and are responsible for
much of the channel complexity and pool formation in these systems.
base level. The elevation of the receiving water body (which controls the ultimate
elevation of the stream).
bedload. The portion of the total sediment load that slides and rolls along the channel bed
as a layer of randomly colliding particles. Bedload typically includes sand, gravels,
cobbles, and boulders.
bench jam. Bench jams are typically found in small, steep channels – slopes greater than
2% – where large logs become wedged into the margins of a channel and create local
revetments that protect floodplain deposits and vegetation; where these structures occur,
wood forms the stream bank and prevents erosion of alluvium stored behind them.
channel confinement. The width of the channel’s valley walls relative to the width of the
bankfull channel. Used to describe how much a channel can potentially shift within its
valley.
channelization. The artificial straightening and deepening of a stream channel to induce
faster flow, to reduce flood occurrences, or to drain marshy acreage for farming.
channel migration. A change in the location of a stream or river channel due to bank
erosion or avulsion.
channel network. The drainage system of channels that convey surface water,
subsurface flow, sediment, and organic matter.
channel sub-reach. A specific portion of the length of a channel that has similar physical
features, such as gradient and confinement.
colluvium. Angular sediment deposits found at the base of hillslopes; the product of
gravity-driven mass movement from hillslope erosion.
cut-off avulsion. A type of avulsion that bisects the neck of a meander and connects the
apex of one meander with another downstream. Cut-off avulsions leave behind an
abandoned oxbow channel or lake.
failure. A mass wasting event where a bank hillslope’s face destabilizes and moves
downslope.
flow deflection jams. Flow deflection jams are found in relatively large channels with
moderate gradients. These structures form initially when large trees (key members) fall
into the river and deflect flow; with time these structures become integrated into a new
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river bank and are classified as bank protection or revetment types structures, as opposed
to flow diversion structures.
fluvial. Of, happening in, belonging to, produced by the action of, or pertaining to a river.
functional wood. The stable accumulation of wood that is large enough to influence flow
and sedimentation; develops from recruitment of key members (individual pieces of
wood that are likely to be stable within the channel.
geomorphology. The branch of geology and geography which deals with the form of the
earth, the general configuration of its surface, and the changes that take place in the
evolution of land forms.
impoundment. A fluvial feature that is large enough to decrease channel flow velocity
and initiate sedimentation.
incision. A decrease in sediment supply and/or increase in sediment transport capacity
that leads to a decrease in the channel bed elevation. A decrease in base level can cause
headcutting that migrates upstream, thereby initiating aggradation downstream.
key member. An individual piece of wood that is large enough to become stable within
the channel.
LiDAR: A sophisticated optical remote sensing technology which uses properties of
scattered light, measured by downward-looking LiDAR instrumentation mounted on an
airplane or satellite, to find range and characteristics data of a distant target. LiDAR
allows rapid identification of qualitative data about the target as well as highly accurate
range and elevation data.
low-flow channel. The wetted channel during periods of low precipitation, usually late
summer and early fall.
mass wasting. The downslope movement of material due to the influence of gravity
(rather than the action of water, wind, or ice, for example).
meander jam. Meander jams occur in large alluvial rivers along the outer margins of
meander bends; although many of these jams are accumulations of unstable debris that
were deposited in shallow portions of the channel, some are stable structures that, unlike
flow deflection jams, are composed of transported debris; meander jams, a principal
cause of channel avulsions in Pacific Northwest rivers (Abbe et al. 2003), establish
local—sub-reach scale—hard points within alluvial valleys, which limit channel
migration and influence meander curvature.
overbank deposition. Material deposited on the floodplain during high flow events;
typically include sand, silt, clay, and wood.
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perennial streams. Streams that flow year-round.
planform. The shape and size of channel and overbank features as viewed from above.
relic channel. An abandoned channel that is not presently active.
secondary channel. Any channel in the study area besides the main channel; examples of
secondary channels include side channels, abandoned channels, swales, overflow
channels, and relic channels.
shear strength. The internal resistance to shear stress that is the sum of internal frictional
resistance and cohesion.
shear stress. Stress caused by forces operating parallel to each other but in opposite
directions.
sinuosity. Ratio used for measuring the curviness of a channel. Sinuosity is a calculated
by dividing the channel length by the valley length.
stream power. The amount of work (material transportation) a channel reach can
accomplish, measured by flow per unit of time, where work and energy have the same
units. Stream power has a number of definitions depending on the time rate at which
either work is done or energy is expended. It is a useful index for describing the erosive
capacity of streams, and relates to channel pattern, development of bed forms, sediment
transport, and the shape of the longitudinal profile.
study reach. The portion of the channel that is within the study area.
supply-limited. Describes a channel with sufficient power to continue movement of the
majority of materials that enter the channel reach. Steep, bedrock channels are supplylimited.
swale. A vegetated ephemeral channel that may or may not correspond to a relic channel.
thalweg. The line that defines the deepest part of a channel.
till. Unstratified glacial drift that was deposited directly by the ice; consists of
intermingled clay, sand, gravel, and/or boulders in any proportion.
transport-limited. Describes a channel that tends to store a portion of the materials that
enter its reach for some period of time. Channels with floodplains are transport-limited.
unconsolidated material. Sediment that is loosely arranged, unstratified, or not
cemented together; can occur at the surface of a channel or at depth.
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APPENDIX A

Channel Patterns
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The following text is excerpted from Appendix A: Channel Patterns and Types of
Channel Movement found in Rapp and Abbe (2003).
Braided Channels
Braided streams or channels consist of two or more low-flow channels divided by bars
that become inundated at bankfull stage (Figure A-1) and are subject to frequent shifts in
channel position. Knighton (1998) describes four conditions that favor the development
of braided channels: abundant bed load (high sediment supply), erodible banks, variable
discharge, and relatively high stream power. The bankfull braided channel can be
identified by a more or less straight alignment (low sinuosity), although individual lowflow channels may be more sinuous. Additionally, distinctive topographic levels can be
identified across the braided channel area, ranging from the most active channels to
elevated, abandoned areas, the latter of which may become reoccupied and enlarged
during high discharges (when rapid shifts in channel position are common) or when the
active channel aggrades above relic channels.

Meandering Channels
It is widely believed that the relative scarcity of straight channels indicates that
meandering is the natural state of most single threaded channels. Meandering channels
(Figure A-2; Figure A-3) adjust according to their width-to-depth ratios: wide, shallow
channels tend to have a lower sinuosity than narrow, deep ones. Chitale (1973) shows
how the width-to-depth ratio of a channel can influence the distribution of erosion in
meander bends, and therefore their stability and how they travel across the landscape. For
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instance, Chitale asserts that because bank erosion in narrow, deep channels is
concentrated at the apex of the meander bend, it causes sinuosity to increase until
eventually a cut-off develops across the narrowed neck. In wide, shallow channels, on the
other hand, where erosion is concentrated downstream of the meander apex, meanders
tend to travel downstream instead of developing a cut-off (Knighton 1998). Additionally,
meandering also occurs from local variations in erosional resistance of the bed and bank
material (Mount 1995): increased bank roughness tends to diminish rates of erosion and
concentrates erosion at the apex of the meander, while reduced bank roughness tends to
increase rates of erosion and concentrate erosion downstream of the meander apex
(Furbish 1991; Thorne and Furbish 1995).

Not all meandering rivers migrate, however. Some meander patterns can remain stable
for hundreds, even thousands of years (e.g., Alexander and Nunnally 1972). Deeply
entrenched bedrock canyons, for example, can present a meandering channel planform,
and although tidal slough channels have high sinuosity values, they do not tend to
migrate (Leopold et al. 1993; Collins et al. 1986) due to the stabilizing effects of
vegetation and cohesive sediments.
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Anastomosing Channels
The anastomosing channel pattern typically presents a river with multiple,
interconnected, coexisting channels on an alluvial plain (Figure A-4). Two processes
occur simultaneously in anastomosing channels: (1) avulsion, which creates a pattern of
multiple channels, and (2) lateral migration of the individual channels that exist within
the anastomosing pattern (i.e., the development of individual meander belts). Each
channel within an anastomosing river has a meander belt, or zone of fluvial activity,
meaning the anastomosing river has multiple, coexisting meander belts. Anastomosing
channel systems tend to occupy the entire valley bottom and are susceptible to significant
vertical change over relatively short time frames (Abbe 2000; Makaske 2001).
Although anastomosing channels can be confused with braided channels because they
look similar at low-flow, the two types of channels are easily distinguished by several
significant differences: (1) in an anastomosing system, avulsion cuts a new channel or
reoccupies an existing channel within a vegetated floodplain, while in a braided system,
large pulses of sediment deposit within the active channel itself, which causes the channel
to widen and to occupy numerous channels that repeatedly diverge and converge; (2)
unlike braided rivers, the individual channels within an anastomosing reach tend to be
laterally stable; (3) the relative elevation of anastomosing islands is typically above
bankfull stage, whereas bars in a braided channel are typically below the bankfull stage,
which means that (4) an anastomosing reach retains its multi-channeled appearance at
bankfull stage, whereas the number of channels in a braided reach diminish; and (5) the
islands in anastomosing channels are vegetated and generally larger than the bare or
lightly vegetated bars found in braided channels (Smith and Putnam 1980; Knighton and
Nanson 1993; Makaske 2001).
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Root cohesion from vegetation is one of several factors that plays an important role in the
stability of anastomosing channels. Low stream power and cohesion of bank material in
lowgradient anastomosing systems also increase lateral stability. Or looked at another
way, low floodplain gradients favor channel avulsion and split flows between multiple
channels, which diminishes stream power that would otherwise accelerate channel bank
erosion (Makaske 2001). This means that local flow diversion associated with woody
debris loading can influence development of an anastomosing channel. (Harwood and
Brown 1990; Abbe and Montgomery 1996; Collins and Montgomery 2002).
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APPENDIX B

Qualitative Aerial Photo Analysis of
the Big Wood River Study Reach
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Qualitative Assessment of Channel Change From 1943 to 1977
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Qualitative Assessment of Channel Change From 1977 to 1988
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Qualitative Assessment of Channel Change From 1988 to 2004**
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APPENDIX C

Photographic Documentation
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Photographic log for the Big Wood River from RM 100.05 to RM 79.5.
Photo
Number
1
2

3
4
5
6
7
8
9
10
11
12
13
14
15
16

17

18
19
20
21
22

Photo Description
Example of forced pool from LWD in plane bed morphology located downstream of Colorado Gulch
Bridge (sub-reach 23).
Bank erosion into overbank sands and channel gravels in sub-reach 23. Note hanging root systems,
which indicate unstable and rapid bank erosion. Overbank sands indicate historical frequency of
flooding and connectivity with floodplain.
Upstream end of bar apex jam located in sub-reach 1 in Ketchum. Note divergence of flow around
sizable root wad, causing slower velocities and deposition (gravel bar formation) on other side of
rootwad. This photo also shows terrace erosion just downstream on River Left.
Landslide entering into stream corridor downstream from Colorado Gulch Bridge.
Micro-habitat in the form of gravel bars composed of small gravels in meandering section of sub-reach
12 (upstream of Starweather Bridge).
Free-formed pool in sub-reach 12.
Beaver activity in the form of beaver cuttings in sub-reach 12.
Riprapped bank in sub-reach 1 in Ketchum. Notice close proximity of homes with no riparian corridor
or stream setback.
Bank erosion into bank of braided sub-reach 27. Note overbank sands indicating historical frequency
of flooding and connectivity to floodplain.
Illegal riprap in braided sub-reach 27. This riprap is not designed to provide protection from erosion
hazards.
Log crib located downstream of braided sub-reach 27. Key pieces within the crib interlock in such a
way to provide long term stability and bank protection while providing excellent aquatic habitat.
Plane bed morphology present in straight sub-reach 19 in Hailey. Note lack of structure such as gravel
bars and pools.
Massive riprap (diameter six feet) downstream of meander apex in sub-reach 12.
Sizable woody debris accumulation on topographic high point of bar in braided sub-reach 27.
Beaver dam, beaver pond, and LWD on side channel of sub-reach 27.
Large log jam forcing pool and secondary channel formation in braided section of study reach.
Meander jam located downstream of St. Luke’s Hospital. This log jam has the potential to be stable
for many years and has forced the formation of deep pools and stabilized in-channel storage of
sediment in adjoining gravel bar (photos 18 and 19). The meander jam provides gravel bar with
protection from erosion while creating and maintaining excellent aquatic habitat. Over time, the
stabilized gravel bar may become a vegetated floodplain island as it continues to store additional
sediment and revegetate itself.
Looking at the upstream end of the meander jam shown in photo 17. The pools located on the right
side of the photo are over 6 feet deep with cover provide by the log jam.
Looking at the downstream side of the meander jam shown in photo 17. Two key pieces initiated the
formation of this log jam; the mean basal diameter of the key pieces is three feet and the mean root
wad diameter is 10 feet.
Terrace erosion and log jam formation near the Deer Creek Confluence. Note that the alluvial terraces
in the study reach are not geologic or topographic constraints to channel migration.
Log jam formation in a braided section of stream near Zinc Spur.
High frequency of pool formation as the result of log jams and increased channel complexity. The
pools are visible as darker colored water.
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