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CONCEPTUAL RESTORATION DESIGN REPORT
BIG WOOD RIVER RESTORATION PROJECT
HULEN MEADOWS AREA
BLAINE COUNTY, IDAHO

1.0 INTRODUCTION
Biota Research and Consulting, Inc. (Biota) has been retained by the Wood River Land Trust and Hulen
Meadows residents to complete a reach-wide assessment and conceptual design plan for the Big Wood
River in the Hulen Meadows area. The project is an effort improve the aesthetic, functional, and
recreational values of the site while maximizing the fluvial and ecological values of the river system. The
primary strategies to achieve project objectives are to maintain the values of the pond for both recreation
and fire protection purposes while modifying the river to achieve conditions that enable the conveyance
of hydrologic and sediment inputs.
This report presents analyses completed during the conceptual design development process including
hydrologic investigations, geomorphic assessment, hydraulic modeling, sediment transport analyses, and
presentation of restoration treatments and strategies. These materials are intended to be used to inform
collaboration with project proponents, design advancement, regulatory agency permitting, project
implementation, and long-term assessment of project success.
1.1

PROJECT AREA

The project area includes an approximately 2,000-foot reach of the Big Wood River approximately 2.7
miles north of Ketchum, Idaho (attached Sheet 1). The project area is located on lands administered by
the U.S. Bureau of Land Management (BLM). The area is within the unincorporated Blaine County in
Township 04N, Range 17E, Section 1 and Township 05N, Range 17E, Section 36. The project area
provides access to residential development located west of the Big Wood River, and the site provides
recreational opportunities for swimming, fishing, wading, dog walking, kayaking and other uses. The
pond has also served as an important source of water for fighting nearby forest fires
1.2

PROJECT BACKGROUND

The Big Wood River mainstem has been directly altered by anthropogenic activities that include
development encroachment on the floodplain; clearing of riparian vegetation; removal of instream woody
debris; channel straightening; construction and maintenance of flood control berms and levees; installation
of rip rap and bank armoring; and the establishment of transportation crossings. The river was straightened
and laterally confined in the project area during the Highway 75 reconstruction in the 1980s and 1990s.
Borrow pits were excavated in the project area to supply gravel for the highway reconstruction. These
borrow pits, including Hulen Meadows Pond, were configured and functionally described as sediment
traps along the Big Wood River (City of Ketchum 2012).
The large magnitude flood experienced in the Big Wood River in 2017 resulted in widespread changes in
the river corridor, and dramatic erosion and deposition in the project area. The US Geological Survey
(USGS) has maintained a stream gauge in Hailey (#13139510) for more than 100 years, and flow data
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obtained from the gauge reveal that the Big Wood River experienced a flood in 2017 that had greater than
a 50-year return interval. Mean daily flow data recorded at the gauge indicate that 2017 peak flows were
approximately 3 times higher than average, and that the 2017 runoff period experienced multiple distinct
flood peaks (Figure 1).
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Mean daily flows from the period of record and from 2017 at the USGS Big Wood River gauge in Hailey
(#13139510).

The multiple, prolonged, large peaks in flood flows caused extensive bank and bed erosion. The low
gradient and excessive channel width proximate to the pond cause reduced flow velocities that result in a
dramatic loss of sediment transport capacity. As a result, widespread sediment deposition occurred during
the 2017 flood in both the pond and the upstream river channel. This restoration effort is an attempt to
identify and implement holistic and long-term solutions that address local river instability in the Hulen
Meadows area.
This project was informed by site observation and assessment, local hydrologic and topographic data,
including LiDAR flown in the fall of 2017 (QSI 2017), and the previously completed Geomorphic
Assessment Report, Big Wood River, Blaine County, Idaho (Biota 2016) which studied the Hulen
Meadows sub-reach and presented localized predictions related to channel stability and sediment
transport. The project was also informed by previous efforts by the City of Ketchum and the Wood River
Land Trust that evaluated alternatives for improving the recreational opportunities in the project area
(including a master plan document referred to as River Park at Sun Peak prepared in 2012, referenced as
City of Ketchum 2012).
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1.3

PROJECT GOALS AND OBJECTIVES

Project objectives were identified based upon existing site conditions, previous geomorphic assessment,
land use constraints, and fluvial system potential. Project objectives include the following:
1. Improve the aesthetic, functional, and recreational values of the site;
2. Identify a sustainable alternative for Hulen Meadows Pond that will reduce maintenance
requirements;
3. Identify the stable functional channel form appropriate under the current hydrologic regime;
4. Restore sufficient capacity to transport the sediment supply, and provide opportunities for the
storage of surplus sediment, if needed;
5. Increase lateral channel stability;
6. Reduce channel enlargement potential;
7. Reduce in-channel sediment sources;
8. Reduce sediment input to the watershed through stabilization of severely eroding river banks;
9. Implement fluvial enhancement treatments that reduce, or leave unaltered, the flood hazard
proximate to development;
10. Identify self-maintaining treatments that maximize the ecological values of the Big Wood
River.
2.0 FLUVIAL CONDITIONS
The Big Wood River project area has a catchment, or watershed, characterized by the following: drainage
area of 226 square miles, mean basin elevation of 8,110 feet, maximum basin elevation of 11,700 feet,
average annual precipitation of 31.6 inches, about 50% forested land cover, and land slopes of 30% or
greater across 76% of the basin. Hydrologic and geomorphic conditions within the project reach are
summarized in the following sub-sections.
2.1

HYDROLOGIC REGIME

The 2016 Geomorphic Assessment identified the project area bankfull discharge, which is the design
discharge used for site assessment and analysis. Bankfull discharge is the flow rate, and bankfull stage is
the corresponding water surface elevation, at which instream water escapes the active channel and
inundates the floodplain (when incipient flooding occurs). There is natural variability in the recurrence
interval of bankfull discharge, but professional experience in the region suggests that a reasonable
estimation of bankfull discharge recurrence interval is 1.1-1.5 years. Bankfull discharge was selected as
the primary hydrologic parameter for assessment purposes because it can be identified and corroborated
through field investigations, as opposed to potential alternate parameters of dominant discharge (e.g., the
flow rate responsible for the stable morphology) or effective discharge (e.g., the flow rate that transports
the greatest fraction of the annual sediment load) that are primarily derived through analytical processes,
without empirical corroboration.
Estimation of bankfull discharge was performed using hydraulic modeling of open channel flow
conditions based upon field-measured morphologic and sediment data (floodplain elevation, bankfull
indicators, channel dimension and profile, sediment size class distribution, hydraulic roughness). Analyses
indicate that the bankfull discharge in the project area reach is 925 cfs.
Peak flow characteristics within the project reach were quantified in order to inform analysis of channel
function and sediment transport. The closest USGS gauge on the Big Wood River is approximately 2
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miles downstream of the project area in Ketchum, ID (#13136000). This gauge only has 2 years of peak
flow data from 1920-21 and therefore was not used to calculate project area peak flows.
The USGS Big Wood River gauge near Ketchum (#13135500) is located approximately 5.3 miles
upstream of the Hulen Meadows project area. The gage has 29 years of peak flow data spanning from
1948 to 1971 and from 2011 to 2015. This gage was used to calculate peak flow recurrence intervals using
the Log-Pearson Type III technique, and the results were subsequently adjusted for drainage area
differences between the gauge location and project area following the methods recommended by the
USGS (Wood et al. 2016). Table 1 contains the bankfull and peak flow discharges identified for the Hulen
Meadows project area.
Table 1.

Peak flow recurrence intervals in the project area.
Recurrence Interval
Bankfull

2.2

Discharge
(cfs)
925

2-Year

1,252

10-Year

2,269

25-Year

2,784

50-Year

3,165

100-Year

3,541

GEOMORPHIC ASSESSMENT

A geomorphic assessment of the project reach was completed in order to establish baseline conditions and
inform the conceptual design development process. The assessment included the following:
Incorporation of previous geomorphic assessment results (Biota 2016);
Historic and current aerial imagery interpretation;
Sediment transport modeling;
Stream stability analyses;
LiDAR interpretation including relative elevation model; and
Site conditions assessment.
The project area reach of the Big Wood River is located in an alluvial valley with bounding features
composed of alluvial deposits and well-developed floodplains. The stream channel is slightly entrenched,
has a very high width/depth ratio, and has low sinuosity. There is a bridge crossing on the West Sage Road
within the project area that precludes floodplain conveyance and constricts the movement of floodwaters.
The project reach has been straightened and confined. The historic floodplain and riparian area were
cleared to the west of the river, as shown in the 1943 historic aerial photography (Sheet 2). The project
reach has bankfull channel slope of approximately 1.01%. The reach has an average bankfull channel
width of 110 ft, mean depth of 2.0 ft, and width/depth ratio of 58. The entrenchment ratio (the relation of
the width at twice the riffle maximum depth [floodprone width] to that of the bankfull channel) is greater
than 2.2 ft/ft.
The river planform is comprised of irregular meanders and sediment storage occurs in lateral bars, point
bars, transverse bars, and mid‐channel bars. Split flow conditions with vegetated islands exist in the project
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area. Lateral channel migration occurs primarily through bank erosion. The channel is locally overwidened with extensive sediment storage in active bars and floodplain bars. Rapid lateral channel
migration and associated bank erosion and riparian land loss are evident throughout the reach. These
ongoing processes have resulted in severe impacts to the Hulen Meadows Pond.
The channel banks are comprised of alluvium (except in areas with bank protection) and are highly
erodible. As exhibited in 2017, channel adjustments are rapid and can result in large volumes of erosion
and deposition. The average bank erosion rate in the project area is 0.1447 tons/year/foot (Biota 2016), so
the 2,010-ft long project reach is estimated to contribute 291 tons of sediment to the watershed in an
average year through bank erosion. Sediment inputs from bank erosion could be dramatically higher
during above average runoff years.
A recently completed hydraulic analysis (2016 Geomorphic Assessment) within the project reach
indicates that local hydraulic conditions during bankfull flow result in the mobilization of a 182 mm
particle on the river bed. The largest particle size of the surface grains on the river bed is about 330 mm.
These conditions indicate that the reach is capable of mobilizing up to the 75th percentile particle size
(D75) of the surface grains based upon material size class distribution. These analyses indicate that the
reach is competent to transport the available bedload but that the existing surface grains on the river bed
promote vertical channel stability.
Sediment transport analyses conducted within the project reach indicate that the average annual sediment
supply is comprised of about 1,468 tons of suspended sediment and 527 tons of bedload. Modeling
indicates that typical existing conditions within the reach provide capacity to transport 790 tons/year of
suspended sediment and 90 tons/year of bedload. The reach therefore lacks the capacity to transport the
supplied suspended sediment (net capacity of -46%) and the reach also lacks the capacity to transport the
supplied bedload (net capacity of -83%). These sediment transport conditions result in widespread
sediment deposition. The existing on-channel pond retains some of the sediment load that exceeds the
transport capacity of the reach, but sedimentation is evident throughout the Hulen Meadows Reach.
Stream stability analyses indicate that the reach has insufficient sediment transport capacity, is highly
unstable laterally, has moderate deposition and evidence of aggradation, is not incised, has extensive
channel enlargement potential, and supplies a very high supply of sediment. Stream stability findings are
summarized in Table 2. Typical conditions within the project area are depicted in Figures 2 through 5.
Table 2.

Summary of stream channel stability indices in the project reach.
Channel Parameter
Sediment Transport Capacity

Rating
Insufficient Capacity

Lateral Stability

Highly Unstable

Vertical Stability (Aggradation)

Aggradation

Vertical Stability (Degradation)

Not Incised

Channel Enlargement Potential

Extensive

Sediment Supply (Channel Source)

Very High
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Rock Sill

Channel Divergence

Figure 2.

Photograph from 2016 looking upstream from the top of the site at a rock sill directly upstream of the
channel split near Hulen Meadows Pond.

Hulen Meadows Pond

Figure 3.

Photograph from 2016 looking downstream at the channel split during spring runoff with the Hulen
Meadows Pond in the background on the right side of the photo.
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Hulen Meadows Pond
Sediment Deposition

Figure 4.

Photograph of Hulen Meadows Pond in October 2017 depicting recent deposition.

Sediment Deposition

Figure 5.

Photograph from October, 2017 looking upstream at inlet to Hulen Meadows Pond.
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Relative Elevation Model
A relative elevation model with the slope of the valley removed (i.e., de-trended) was developed following
the methods of Olsen et al. (2014) to reveal subtle changes in floodplain topography. The relative elevation
model visually depicts the difference between grade elevations and the water surface elevation at the time
of the LiDAR survey, which occurred during an average discharge of 155 cfs (September 28; October 1
and 14, 2017). Sheet 3 of the conceptual design drawings shows the post-2017 runoff (LiDAR) surface
topography and relative elevation model.
Site Conditions
A comparison of aerial imagery taken in 2015 (Figure 6) and in 2017 (Figure 7) reveals distinct and
widespread changes in the configuration of the Hulen Meadows pond and adjacent reach of the Big Wood
River. A beaver dam located in the pond outlet channel prior to 2017 was apparently destroyed by the
flood event. The loss of the beaver dam resulted in a decrease in water surface elevation in the pond and
a corresponding decrease in pond surface area. Widespread deposition is also evident in the pond in the
post-2017 runoff condition. The deposition resulted in the filling of an estimated 0.7 acres of the northern
portion of the pond, and a corresponding decrease in pond volume and area.

Beaver Dam

Figure 6.

Aerial photograph depicting site conditions in the Hulen Meadows project area in 2015.
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Sediment
Deposition

Figure 7.

Aerial photograph depicting site conditions in the Hulen Meadows project area in 2017.

Historic Channel Mapping
Historic Big Wood River main channel and side channel locations were mapped from a series of
georeferenced historic aerial images collected in 1943, 1970, 1978, 1992, 2004, and 2013. Sheet 2 of the
conceptual design drawings depicts the location of the 1943 main channel and side channels relative to
the current channel location. The results document that the plan form of the project area has remained
relatively stable over that period of time, as compared to dramatic shifts in channel alignment observed
within other reaches of the Big Wood River. The 1943 aerial imagery shows that the floodplain and
riparian area were already cleared of vegetation by that time, and it appears that channel modifications
including straightening had already occurred by that time.
2.3

HYDRAULIC MODELING

The peak discharge rates calculated for the project reach were incorporated within a hydraulic model that
was developed to determine flood inundation characteristics at a range of flows including the 2-year, 10year, 25-year, 50-year, and 100-year flood events. The peak flows used for modeling were adjusted to
account for the discharge at the time of the LiDAR survey to compensate for the bathymetry not captured
in the LiDAR topography. The hydraulic model was developed with the Hydrologic Engineering Centers
River Analysis System (HEC-RAS), which is a cross section–based one-dimensional model developed by
the U.S. Army Corps of Engineers (USACE 2010) for computing velocity, flow depth, shears stress, and
other characteristics in riverine systems. Hydraulic model outputs were exported to HEC-GeoRAS
(USACE 2009), which is a custom interface between HEC-RAS and GIS for mapping water surface
elevations, flow depths, and flood inundation boundaries. The flood inundation tool in HEC-GeoRAS
interpolates the water surface elevations from HEC-RAS cross sections to two-dimensional geospatial
data.
Conceptual Design Report

9

Biota Research and Consulting, Inc.

The flood inundation areas and depths within the project area during a 50-year flood event are depicted
on Sheet 5. Existing roads and floodplain modifications in the project area confine flood waters and limit
floodplain connectivity, inundation, and conveyance. The limited dispersal of flood water across the
floodplain, and the conveyance bottleneck at the West Sage Road Bridge, result in increased stream power
and energy within the active river channel.
3.0 RESTORATION STRATEGY
The recent severe erosion, deposition, and lateral channel migration in the project area highlight the need
for systemic improvements that protect private property and infrastructure while accommodating fluvial
processes. There is also a desire for the restoration strategy to address the needs of the community by
improving the aesthetic, functional, and recreational values of the site. The restoration strategy for the
project area is to address the channel instabilities, severe bank erosion rates, and discontinuity in sediment
transport regime while improving conditions in Hulen Meadows Pond for wading, swimming, dog
walking, kayaking and other recreational uses as well as fire protection purposes The presented restoration
designs are intended to enhance fluvial functions while identifying alternatives for long-term recreational
uses of the site while minimizing maintenance requirements.
The Big Wood River restoration design component of the project was developed using an iterative process
that identified stable channel morphology based upon existing hydrologic regime, sediment inputs, and
site conditions. A “Natural Channel Design” approach was applied to define appropriate morphology for
the project area reach using analogy, empirical, and analytical design techniques. Throughout the design
development process, constraints that could potentially inhibit restoration were identified, considered, and
addressed. Examples of constraints considered within the project area include recreational use,
maintaining public access, flood risk, infrastructure (e.g. structures, bridges, diversions), and other land
use conflicts.
Active restoration efforts incorporate grading and earthwork to establish the desired channel form
(alignment and cross sectional geometry) and to isolate the Hulen Meadows Pond from the active river
channel. Treatments include channel excavation, floodplain bench creation, bank toe hardening, large
wood structures, and the construction of a terrace bench to separate the Hulen Meadows Pond from the
Big Wood River. Precise wood structure configurations, or designed log jams, are presented in order to
establish specific components of channel form and function. Culvert installations are also proposed to
increase floodplain conveyance capacity at the West Sage Road crossing and to provide hydrologic
support for the Hulen Meadows Pond.
4.0 CONCEPTUAL RESTORATION DESIGN
The conceptual site plan is depicted on the site plan index (Sheet 6) and drawing Sheets 7 and 8, and
typical treatment drawings (cross sections and treatment details) are depicted on Sheets 9 through 16.
4.1

DESIGN CHANNEL GEOMETRY

The design channel geometry was derived based upon reference reach conditions. Reference reach channel
cross sections were scaled based upon hydraulic geometry to achieve the cross sectional area necessary to
convey the bankfull discharge of the project area. Development of design cross sections from hydraulically
scaled reference reach conditions preserves critical attributes of channel geometry including an inset
channel to consolidate low flows; achievement of the proper ratio of maximum depth to mean depth; and
establishment of proper relationship between local stage, stream power, and sediment transport. The
project area design channel dimensions are presented in Table 3.
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Table 3.

4.2

Project area design channel geometry.

Bankfull
Width
(ft)

Mean
Depth
(ft)

Maximum
Depth
(ft)

Width/Depth
Ratio

Slope
(%)

Bankfull
Area
(sq ft)

Wetted
Perimeter
(ft)

Hydraulic
Radius
(ft)

64

2.5

3.9

25

1.01%

160

65

2.5

DESIGN CRITERIA FROM DIMENSIONLESS RATIOS

The design channel (riffle) geometry was used to specify morphologic attributes of channel pattern and
profile based upon dimensionless ratios obtained from reference reach conditions, regional empirical data,
and professional experience. Channel dimension, pattern, and profile are designed using dimensionless
ratios (below), which describe functional channel form based upon bankfull channel width and depth. For
example, multiplication of the dimensionless ratio of riffle length to riffle width by the design bankfull
channel width yields a value for suitable design riffle length. The design criteria derived from
dimensionless ratios (Table 4) include the average value and the range of observed values for several
important morphologic parameters. Inclusion of a range of values (and not just the average condition)
within a restoration design prevents the pursuit of a homogeneous channel and ensures that the restored
riverine system demonstrates a range of hydraulic and fluvial conditions reflective of natural functional
systems. The design drawings (Sheets 7 to 16) contain detailed information describing the morphologic
restoration treatments within the project area.
Table 4.

Project area design criteria derived from dimensionless ratios.
Design Criteria

Parameter
Mean Value

Min Value

Max Value

Meander Width

305

178

635

Riffle Length

203

159

311

Riffle Maximum Depth

6.3

5.5

6.7

Inner Berm Width

29

25

34

Riffle Slope

2.22%

1.52%

3.23%

Pool Length

159

127

203

Pool Width

50

44

70

Pool Maximum Depth

6.0

4.8

8.8

0.03%

0.02%

0.05%

Pool-Pool Spacing

521

337

921

Linear Wavelength

902

635

1143

1,213

1,003

1,842

267

197

394

Pool Slope

Stream Meander Length
Radius of Curvature

4.3

HULEN MEADOWS POND RESTORATION

Restoring the desired recreational values of the Hulen Meadows Pond is a primary project objective. The
strategy for pond restoration is to separate the pond from the Big Wood River and excavate deposited
sediment from the north end of the pond to re-establish previous pond conditions. A terrace bench will be
constructed to bound the western extent of the Big Wood River and to separate the active channel of the
river from the pond. The bench will be keyed in to existing high topography with a maximum elevation
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designed to prevent the 100-year flood flows from entering the pond. A floodplain bench with meander
bend structures and a rock toe will be constructed along the river side of the terrace bench in the vicinity
of the pond to promote bank stability between the Big Wood River and the Hulen Meadows Pond. An
unregulated culvert will be installed to enable surface water to flow through the pond before returning to
the river. The surface water hydrologic support currently provided to the pond by the Big Wood River
will remain unchanged, but surface water delivery to the pond will occur through an open culvert when
the existing on-channel pond is separated from the active channel of the Big Wood River. A pond outlet
channel will be constructed utilizing an existing floodplain channel to return that surface water to the Big
Wood River.
4.4

FLOODPLAIN CONSTRUCTION

Establishment of a hydraulically connected floodplain with suitable width is paramount to site restoration.
Floodplain width determines channel entrenchment ratio, which dictates channel form and processes
associated with sediment transport, stable peak flow hydraulic conditions, and aquatic habitat. Suitable
floodplain width also enables flood waters to disperse and dissipate energy while inundating riparian
lands, which facilitates sediment deposition and recruitment of woody vegetation adjacent to the river
channel. Floodplain creation within the project area is proposed using treatments that involve (1) the
placement of fill to create a bankfull bench, and (2) the excavation of material to establish a bankfull bench
(Sheets 7 to 10).
Floodplain creation through fill involves the placement of consecutive lifts of native alluvium below the
ordinary high water mark, compaction of lifts with excavator bucket or similar force, and installation of
transplanted woody and herbaceous vegetation mats atop placed fill to achieve the design elevation.
Coarse available materials (or imported rock of specified gradation) is placed on the river side of the fill
to achieve increased critical shear of the constructed feature; fine sediments and unclassified fill materials
are generally placed on the landward side of the fill area. All implemented channel narrowing treatments
are oriented and situated to achieve the functional bankfull channel width. At locations where bank erosion
potential is high due to near bank shear stress or channel alignment, proposed river bank construction
incorporates a rock toe treatment and designed log jam structures in order to provide instantaneous bank
stability.
Floodplain creation through excavation involves removal of materials from high terrace features in order
to construct a vegetated floodplain bench at the bankfull elevation. Floodplain excavation is proposed in
the vicinity of West Sage Road crossing where bridge and road configurations have severely limited
floodplain conveyance capacity. The proposed project actions include the excavation of floodplain
benches upstream and downstream of the road with the installation of a high flow floodplain culverts.
Floodplain excavation is completed using equipment and techniques (e.g. tracked excavator operating
from the terrace elevation) that enable sorting of materials during excavation so that salvaged topsoil and
vegetation can be placed on floodplain surfaces to achieve finish grade. Typical treatment installation
includes collection and stockpiling of existing vegetation and top soil with an excavator bucket (e.g.
scooping motions instead of dragging or pushing motions), mass excavation of unclassified fill material
from the treatment area, and replacement of topsoil and salvaged vegetation on the sub-graded floodplain
feature. The landward side of the floodplain treatment area adjacent to the Wood River Trail will be gently
sloped (e.g. 5H:1V) up to the existing grade, and will be stabilized using standard bioengineering
techniques.
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4.5

SEDIMENT STORAGE

Sediment transport modelling was completed to validate functionality of the design channel morphology.
The primary component of the sediment management strategy is to restore channel morphology to
improve sediment transport capacity within the channel. These design components will provide capacity
to transport the average annual sediment load. During a large magnitude flood events, the bedload supply
will likely exceed the transport capacity of the restored river reach. This condition is the result of the West
Sage Road bridge configuration, which limits floodplain conveyance and requires flood flows to converge
within the primary river channel within which excessive sediment is then transported.
Sediment transport modelling based upon the last 30 years of flow data (peak flow rate and duration of
elevated flow conditions) suggests that the average annual bedload delivered to the Hulen Pond area
through the Sage Road Bridge is approximately 580 tons/year. The restoration design channel conditions
will provide capacity to transport 190 tons/year of bedload. Sediment storage areas have been incorporated
within the restoration design treatments in order to provide storage for the surplus bedload, which is
estimated to be 390 tons/year in an average year.
Lateral sediment storage areas have been designed to provide opportunity for the predictable storage of
the excess bedload supply (Sheets 8 and 10). The lateral storage areas consist of a gap in the river bank
that is hydraulically connected to the bankfull channel and accommodates the deposition of sediment
during peak flow events. The size of the designed lateral sediment storage areas (which will have average
depth of 4 ft) will accommodate the storage of approximately 4,200 tons of sediment, which equates to an
approximately 10-year supply of surplus sediment load (according to model output and average annual
hydrologic conditions). It is anticipated that sediment would be removed from sediment storage facilities
on an average interval of once every 10 years, although sediment storage facilities may fill more quickly
than once every 10 years during above average runoff conditions. The storage locations are designed to
be accessible with heavy equipment for maintenance, as needed. Equipment access could occur from the
east by constructing a temporary crossing of the eastern side channel during periods of low flow conditions
when all instream flows can be conveyed within the western primary river channel.
4.6

LARGE WOODY DEBRIS (LWD) STRUCTURES

The presence of LWD influences both physical and biological processes and serves many functions. Some
benefits of utilizing LWD in restoration plans include: increased erosion resistance; improved aquatic
and riparian habitat; sediment sorting and retention (USBR 2014; USBR and ERDC 2016); reduced near
bank shear stress and erosive energy; and flood control. Log jam structures were designed to provide
specific functions at identified treatment locations (Sheets 7 to 10).
Channel Margin Structure
The channel margin structures (Sheet 12) are designed to provide bank stability and protection for
revegetation treatments, particularly in areas of floodplain construction as well as increase habitat
complexity and provide fish cover. These structures also cause flow convergence that maintains scour
pools and reduces near bank shear stress. The structures are buried in the bank for increased stability and
utilize root wads, branches, and slash placed irregularly to provide structure.
Meander Bend Structure
Meander bend structures (Sheet 13) are intended to limit channel migration in the short term to enable
establishment and maturation of woody vegetation installed along the channel margins, particularly in
areas of inset floodplain creation. The structures tend to accumulate natural woody debris through time,
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maintain lateral scour pools, and reduce near bank shear stress. These structures are utilized along the
outside of meanders and are comprised of buried key logs anchored in to the river bank with root wads
that protrude into the channel. The structures also incorporate racking logs and slash to provide increased
complexity and hydraulic roughness. These structures may also utilize a rock toe treatment for additional
bank stability, where needed (Sheet 14).
Apex Jam Structure
Apex jam structures (Sheet 15) are intended to create and/or maintain split flow conditions between the
main channel and secondary channels. Apex jams promote the longevity of downstream vegetated islands,
create and maintain scour pools, improve sediment sorting, and tend to accumulate natural debris through
time. These structures are located at the head of islands or established channel divergences. The apex jam
structure incorporates key logs with root wads, racking logs for structure, and pining logs for stability.
Floodplain Wood Structure
The floodplain wood structures (Sheet 16) are intended to reduce the velocity of flow on the floodplain to
encourage deposition of fine sediments. These structures tend to accumulate woody debris over time and
improve sediment storage processes. They are placed irregularly throughout the floodplain in combination
with brush trenches. The structures also incorporate small wood and racking logs to provide increased
hydraulic roughness.
4.7

DEFORMABLE BOULDER CLUSTERS

Existing boulder drop structures in the project area limit natural channel recovery processes and inhibit
sediment transport. They also form artificially short drops with plunge pools instead of more natural riffles
with scour pools. These structures were intended to mitigate the impacts associated with encroachment
and historic channel modifications that resulted in channel straightening, steepening, and incision. The
proposed restoration designs (Sheets 7 to 10) are intended to reduce the need for these artificial grade
control structures by restoring the Big Wood River to a more natural channel pattern and profile.
The restoration design approach is to replace the boulder drop structures with a series of boulder clusters
(Sheet 17) that will provide temporary grade control while allowing for natural recovery processes to
occur in response to completed restoration actions. Boulder clusters are preferred over boulder drop
structures because they provide a diversity of water depth, substrate, and velocity which increases habitat
diversity. A variety of boulder cluster configurations (e.g. bank clusters, upstream-V clusters, line clusters)
will be utilized based on the local hydraulic conditions of treatment locations. Boulders from existing
structures may be used to construct boulder clusters. Due to the highly dynamic characteristics of the Big
Wood River, the boulder clusters should be considered deformable and may adjust over time.
4.8

CONSTRUCTION QUANTITIES

Construction quantities associated with the conceptual restoration design treatments are summarized in
Table 5.
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Table 5.

Treatment quantities within the Hulen Meadows project area.
Treatment

Quantity

Floodplain Excavation Area (acres)

4.61

Pond Excavation (acres)

0.78

Terrace Bench Construction (acres)

0.09

Floodplain Bench Construction Area (acres)

1.89

Pool Construction (acres)

0.59

Riffle Construction (acres)

0.86

Sediment Storage Area (acres)

0.43

Channel Margin Structures (# of locations)

6

Meander Bend Structures (# of locations)

9

Apex Jam Structures (# of locations)

1

Floodplain Wood Structures (# of locations)

4

Boulder Cluster Treatment Area (# of locations)

4

Rock Sill Removal (# of locations)

3

Pond Outlet Construction (lineal ft)

550

Rock Toe Bank Treatment (lineal ft)

248

Bioengineering Slope Stability (lineal ft)

312

5.0 SUMMARY AND CONCLUSIONS
The restoration of the Hulen Meadows Reach of the Big Wood River provides an opportunity to benefit
both recreational uses and riverine conditions. The intent of the treatment designs is to address the
underlying causes of fluvial system instability, as opposed to applying individual treatments that address
symptoms of riverine impairment (the typical Band-Aid approach).
The design plans were developed to achieve objectives of restoring recreational characteristics and fire
protection capabilities of the Hulen Meadows Pond, improving floodplain conveyance capacity,
improving continuity of sediment movement, increasing channel stability, and reducing severe bank
erosion. Project advancement would include hydraulic modeling to demonstrate regulatory compliance,
finalization of design treatments, development of construction-ready drawings, and permitting through
local and state agencies.
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APPENDIX A: CONCEPTUAL RESTORATION DESIGN DRAWINGS
(provided separately)

Conceptual Design Report

Biota Research and Consulting, Inc.

