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Executive Summary
Kootenai Tribe elders pass down the history of the beginning of time, which tells that the
Kootenai people were created by Quilxka Nupika, the supreme being, and placed on earth to
keep the Creator‐Spirit’s Covenant – to guard and keep the land forever. The Kootenais have
never lost sight of their original purpose as guardians of the land.
Today, the Kootenai Tribe of Idaho seeks to fulfill this purpose by developing and implementing
innovative, scientific approaches to guardianship of the land that consider the whole ecosystem
at the watershed/subbasin scale, are socially and economically responsible, are supported by the
local community and other partners within the watershed, and that incorporate adaptive
management principles.
Towards this end, the Tribe has developed this Kootenai River Habitat Restoration Project
Master Plan (Master Plan), which presents a framework for an ecosystem‐based river habitat
restoration project to be implemented in the Idaho portion of the Kootenai River subbasin. This
Master Plan is the first planning phase of a multi‐phase project. The Master Plan sets the stage
for the Tribe and their partners to identify, rank in order of priority, design, and implement
meaningful habitat restoration actions. The purpose of the Kootenai River Habitat Restoration
Project described in this Master Plan is to:


Restore and enhance Kootenai River habitat by addressing ecological limiting factors and
constraints related to river morphology, riparian vegetation, aquatic habitat and river
management. The desired result is a more resilient ecosystem, capable of sustaining
diverse native plant and animal populations, and tolerant of natural disturbances and
altered regimes.



Restore and maintain Kootenai River habitat conditions that support all life stages (i.e.,
migration, occupancy, spawning, incubation, recruitment and early rearing) of
endangered Kootenai River white sturgeon (Acipenser transmontanus) and other aquatic
focal species; and



Restore the Kootenai River landscape in a way that sustains Tribal and local culture and
economy and contributes to the health of the Kootenai subbasin as both an ecological
and socio‐economic region.

During this initial Master Planning phase, the Kootenai Tribe’s design team collected and
analyzed large amounts of existing and new information and data in order to understand:
historical and existing conditions in the Kootenai subbasin; specific physical and biological
characteristics in each of the river reaches in the project area; and limiting factors related to
habitat for focal aquatic species and other species within the project area. Based on this
understanding, the Tribe’s design team developed restoration strategies and habitat restoration
treatments that could be used to address those limiting factors in each project reach. These
restoration treatments were combined to form habitat actions that address all limiting factors
within a reach, and then applied spatially as implementation scenarios to provide examples of
potential minimum, moderate, and maximum restoration levels of effort. These implementation
scenarios were also used as a basis to develop conceptual cost estimates. This initial Master Plan
development phase also resulted in development of a conceptual adaptive management and
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monitoring program, identification of anticipated environmental compliance and consultation
requirements, a funding analysis, and identification of specific actions to be accomplished in
subsequent project phases.
During later phases of this project, Kootenai Tribe and their design team will collect additional
data to support designs, select and prioritize specific restoration actions for preliminary design,
prepare preliminary designs of those selected actions, complete required environmental
compliance and consultation, prepare final designs, and implement habitat restoration in a
logical sequence. Ongoing stakeholder outreach and coordination will be significant
components of all phases of the project.
The Kootenai Tribe developed this Master Plan with funding from the Bonneville Power
Administration provided through the Northwest Power and Conservation Council’s Columbia
Basin Fish and Wildlife Program (Project 200200200).

Project Context
During the last century, the Kootenai subbasin was modified by agriculture, logging, mining,
flood control, the Kootenai River was impounded by Libby Dam (Koocanusa Reservoir) upstream
and Corra Linn Dam (Kootenay Lake) downstream. Conversion of more than 50,000 acres of
floodplain to agricultural fields has resulted in loss of riparian and wetland plant and animal
species, and related functions that normally support a healthy ecosystem.
Constructed levees were built on top of natural sand levees for flood control, limiting the
hydrologic connection between the Kootenai River and its floodplain. Construction of Libby Dam
began in 1966; the dam was completed in 1972 and became fully operational in 1974. Operations
of Libby Dam effectively reducing annual peak flows by half, disrupting the hydrograph which
historically had a single spring freshet that provided energy to help drive many ecosystem
processes. Collectively, these modifications resulted in unnatural flow fluctuations in the
Kootenai River and largely eliminated connection with the river’s floodplain.
Although levee construction and the regulation of the natural flood regime through operations
of Libby Dam benefited agriculture and played an important role in flood control, these activities
also severely limited the capacity of the ecosystem to provide suitable habitat to support the
complete life cycles of many species. This altered ecosystem reduced the Kootenai Tribe’s
access to traditional resources that the Tribe had historically relied on for long‐term subsistence
and cultural uses. Today, this modified ecosystem is no longer able to support the biological
complexity it sustained historically.
Following construction of the levees and completion of Libby Dam, native fish stocks such as
Kootenai River white sturgeon, burbot (Lota lota), kokanee (Oncorhynchus nerka), redband trout
(Oncorhynchus mykiss garideini), westslope cutthroat trout (O. clarki lewisii) and bull trout
(Salvelinus confluentus) as well as local wildlife populations began to decline. Restoration of
these native fish stocks and local wildlife is the primary impetus for the Kootenai River Habitat
Restoration Project.
The status of the Endangered Species Act (ESA) listed Kootenai sturgeon population imposes a
particularly urgent timeline for implementation of the habitat restoration actions described in
this Master Plan. The next 5 to 20 years are critical to the recovery of the Kootenai Sturgeon
population. There may still be an adequate number of reproductive white sturgeon in the
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Kootenai River population to take advantage of suitable spawning and rearing conditions if
appropriate habitat is quickly identified and restored. However, without timely action, the wild
population will continue to decline and mature fish will find it increasingly difficult to find mates.
At some point, the few remaining fish will no longer be adequate to affect recovery and critical
components of the native diversity will be lost. Without intervention, functional extinction will
occur well before the last wild fish dies. Currently, the Kootenai Tribe’s Tribal Sturgeon Hatchery
is preventing extinction of Kootenai sturgeon while measures are taken to implement the habitat
restoration actions described in this Master Plan.
Reintroduction of native burbot to the lower Kootenai River (i.e., rebuilding the population using
genetically and behaviorally similar stock from within the Kootenai River) is also a matter of high
priority for the Kootenai Tribe. Kootenai River burbot are functionally extinct, a status that
occurs when populations are so small they are unable to recover on their own.
Because of the unique circumstances related to Kootenai sturgeon and native burbot, the Tribe
is also submitting a separate Master Plan to the Northwest Power and Conservation Council for
the Kootenai River Native Fish Conservation and Aquaculture Programs that will help to ensure
survival of Kootenai sturgeon and support reintroduction of burbot while the habitat restoration
actions described in this Master Plan are further refined, prioritized and implemented.1

Project Location
The Kootenai River Habitat Restoration Project will be implemented in the Idaho portion of the
Kootenai subbasin. The project area consists of a 55‐mile reach of the Kootenai River that
extends from the confluence of the Moyie and Kootenai rivers, downstream to the international
border.
For the purposes of this Master Plan, the project area is divided into three major river reaches
based on their unique geomorphic properties: the Braided Reaches, Straight Reach and Meander
Reaches. The Braided and Meander reaches are each further delineated into two sub‐reaches.
Each of the project reaches are described below in reference to river miles (RM). These river
miles represent defined locations along the river that were identified at a point in time. These
RM locations have remained fixed while the river itself has moved; therefore, actual lengths of
reaches are usually slightly different than the calculated difference between two river mile
designations. Figure 1 shows the project area in the context of the Kootenai subbasin.
Braided Reach 1 extends nearly 4 river miles (RM 160.9 to RM 156.2) from the Moyie River
confluence downstream to the upstream extent of the backwater influence from Kootenay Lake.
Braided Reach 2 extends approximately 2.2 river miles (RM 156.2 to RM 152.7) from the upstream
extent of the backwater, downstream to the U.S. Highway 95 Bridge. The Kootenai River from
Libby Dam to near the confluence of the Moyie River is characterized by a steeper gradient and
confined channel morphology. The Kootenai River downstream from the Moyie River
confluence enters a wider valley with a decreasing gradient. Multi‐channel, meandering, riffle‐
1

The Kootenai River Native Fish Conservation Aquaculture Programs Master Plan proposes critically needed
renovations and expansions of the Tribal Sturgeon Hatchery, construction of a new artificial production facility for
Kootenai sturgeon and burbot at the confluence of the Moyie and Kootenai rivers, and use of remote streamside
incubation and early rearing facilities to imprint Kootenai sturgeon on waters from locations upstream of the current
Tribal Sturgeon Hatchery.
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pool characteristics predominate through the Braided Reaches. Gravel and cobble are dominant
channel substrates in both Braided Reach 1 and 2.
The Straight Reach extends 1.1 river miles (RM 152.7 to RM 151.7) from the U.S. Highway 95
Bridge, downstream to Ambush Rock. This reach is characterized by a narrowed river corridor
that is locked in place by flood protection measures designed to protect the town of Bonners
Ferry, which occupies both banks through much of the reach. The U.S. Highway 95 bridge and
train trestle are also confining features in the reach. Historically, the reach was naturally
constrained by lateral hillslopes and bedrock. Channel substrate transitions from gravels to sand
through the reach.
The combined Meander Reaches extend from the downstream end of Ambush Rock to Kootenay
Lake. Meander Reach 1 begins at Ambush Rock and extends 9.7 river miles (RM 151.7 to RM
141.8) downstream to slightly below Shorty’s Island. Meander Reach 2 spans 35.5 miles (RM 141.8
to RM 105.9) from the end of Meander Reach 1 to the international border. The Meander
Reaches are situated in a low gradient lacustrine valley and channel substrates are dominated by
sand and clay. Prior to levee construction, the Meander Reaches were free to migrate within
portions of the historic floodplain.
The U.S. Fish and Wildlife Service designated Kootenai River white sturgeon critical habitat is
included in the project area and spans 18.3 river miles from upstream of Bonners Ferry (RM 159.7)
to downstream to below Shorty’s Island (RM 141.4) (USFWS 2008). The critical habitat reach
spans a portion of the Braided Reaches, the entirety of the Straight Reach, and the upstream
portion of the Meander Reaches. Critical habitat includes the reach of the river where Kootenai
sturgeon are known to spawn (Bonners Ferry downstream to Shorty’s Island), as well as portions
of the river where habitat conditions are believed to be conducive to successful egg adherence
and embryo survival (Bonners Ferry to RM 159.7) but where spawning does not currently appear
to be occurring.
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Figure 1. Project location within the Kootenai subbasin.
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Project Vision, Goals and Relationship to Limiting Factors
The Kootenai Tribe envisions the Kootenai River and its floodplain as a healthy ecosystem with
clean, connected terrestrial and aquatic habitats, which fully support traditional Tribal uses and
other important societal uses.
In developing and implementing approaches to Kootenai River habitat restoration the Tribe will
continue to emphasize a collaborative approach that takes into consideration the needs and
values of the region. The Kootenai Tribe believes that cooperation among all groups with a stake
in the region is the only way to ensure the sound and prosperous future of the Kootenai
subbasin.
The Kootenai River Habitat Restoration Project has four goals, which address morphology,
riparian vegetation, aquatic habitat, and river stewardship. Each of these four goals represents a
logical grouping of the limiting factors and constraints the ecosystem restoration project is
designed to address. The project’s goals are:


Morphology. Restore physical habitat by reducing the negative effects to river and
floodplain ecological processes caused by river response to the altered landscape.



Riparian vegetation. Restore native vegetation by establishing stream bank and
floodplain conditions that sustain plant community development processes.



Aquatic habitat. Restore aquatic habitat conditions that support all life stages of native
fish and promote sustainable populations



River stewardship. Create opportunities for river and floodplain stewardship in the
community.

In the context of this Master Plan, limiting factors are defined as physical, biological, and
ecological conditions within the project area that: 1) limit the ability of the ecosystem to sustain
diverse native plant and animal populations, and to accommodate natural disturbances; 2) limit
the quality or availability of habitat that supports all life stages of endangered Kootenai sturgeon
and other focal species; and 3) limit the ability of the ecosystem to sustain the local tribal culture,
subsistence needs, and the economy. Limiting factors can be addressed by active restoration or
changes in management. In contrast, constraints are components like roads, bridges and other
infrastructure that cannot be changed by management or active restoration, but must be
considered during the design process.
Table 1 presents a summary of the habitat limiting factors and river and floodplain stewardship
constraints identified in the project area. These limiting factors are generally interrelated and
cumulative in their effects.
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Table 1. Limiting factors related to morphology, riparian vegetation, aquatic habitat, and constraints
related to river and floodplain stewardship in the project area.
Morphology limiting
factors

Riparian vegetation
limiting factors

Aquatic habitat limiting
factors

Factors that have altered
natural and historical
morphological processes:

Factors that have altered
the native riparian
vegetation community:

Factors that have altered
the aquatic habitat
conditions:

 River response to altered
hydraulics
 River response to altered
sediment transport
 Loss of channel and
floodplain connection
 Reduced channel
boundary roughness
(smooth banks lacking
vegetation or woody
debris)
 Bank erosion

 Lack of surfaces that
support riparian
vegetation recruitment
 Lack of outer bank
vegetation
 Frequent scour and
deposition of floodplain
surfaces
 Altered hydroperiod (the
length of time during the
growing season when
water is available in the
rooting zone)
 Invasive plant species
 Lack of native plant
diversity and seed
sources
 Lack of nutrient sources
for primary productivity
 Altered carbon balance
(due to depletion of
wetland systems)

 Insufficient depth for
Kootenai sturgeon
migration
 Insufficient velocity for
successful Kootenai
sturgeon spawning
 Lack of coarse substrate
for egg attachment
 Lack of cover for juvenile
fish
 Lack of pool‐riffle
complexity
 Simplified food web from
lack of nutrients
 Insufficient pool
frequency
 Lack of fish passage into
tributaries
 Lack of off‐channel
habitat for rearing
Altered water quality

Constraints related to river
and floodplain
stewardship
Several aspects of the
ecosystem have been
affected by river and
floodplain management:
 Dam controlled flow
regime
 Dam controlled sediment
regime
 Dam controlled thermal
regime
 Dam controlled nutrient
regime
 Bank armoring
 Levees and diking
districts
 Transportation corridors
 Floodplain land use

Restoration Strategies, Treatments and Implementation
Scenarios
The following terminology is used to organize components of the Master Plan framework that
link limiting factors (problems) to restoration treatments (solutions):


Restoration Strategy – Restoration strategies are the broad approaches to habitat
restoration that will be used in each project reach. Each restoration strategy is described in
terms of how the river channel, banks and floodplain would need to be modified in a reach to
overcome limiting factors given specific conditions and constraints that are present.



Restoration Treatment – Restoration treatments are actionable concepts that support a
restoration strategy. Restoration treatments were selected based on analysis of limiting
factors in the Kootenai subbasin and knowledge gained from efforts in other river systems
where these types of restoration treatments have been successfully used to address similar
habitat limiting factors.
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Habitat Action – A habitat action is the combined set of restoration treatments that address
the limiting factors within a reach.



Implementation Scenario – An implementation scenario is a spatial application of a habitat
action based on criteria to determine a level of restoration effort. An implementation
scenario is a quantifiable habitat action that can be used to estimate implementation costs at
a conceptual level.

This Master Plan includes a toolbox of restoration strategies, restoration treatments and
examples of potential implementation scenarios. In the Master Plan, both reach‐specific and
project‐wide restoration strategies and treatments are identified. Reach‐specific strategies
present ways to modify the river channel, river banks and floodplain to overcome limiting factors
throughout the project area and within each reach. Project ‐wide strategies are related to
potentially manipulating timing of Libby Dam release flows and Kootenay Lake‐controlled water
levels to improve velocity and depth components of habitat, although these strategies may also
have some effect on sediment transport. Other project‐wide restoration strategies include
working with landowners to adjust land management so it is compatible with restoration goals,
and working with infrastructure owners to mitigate effects of infrastructure and limit restoration
project impacts on infrastructure.

Restoration Treatments
The following discussion provides an overview of restoration strategies for the Braided Reaches,
Straight Reach and Meander Reaches.
Braided Reaches Restoration Strategy
Due to altered flow and sediment regimes, portions of the Braided Reaches do not exhibit, nor
trend toward a channel form that would occur naturally within the existing morphological
setting. Until this is corrected, the Braided Reaches will attempt to adjust their location, gradient
and flow capacity to match the altered hydraulics. A large portion of the subbasin sediment
supply is being captured by Libby Dam, while a significant portion of the sediment supply below
Libby Dam comes from bank erosion within the project area. Since the channel does not access
its floodplain as it did during the pre‐dam era, a greater proportion of the sediment load is stored
temporarily within the active channel in Kootenai sturgeon spawning reaches rather than on the
floodplain, causing the channel to remain wide and shallow and burying historical spawning
beds. This results in lower velocities and shallower depths, which have been identified as limiting
factors for some life stages of aquatic focal species including Kootenai sturgeon. Also, because
surfaces where sediment is being deposited are scoured frequently, it is difficult for riparian
vegetation to become established. In addition, the Kootenay Lake backwater exacerbates
conditions in Braided Reach 2 by causing seasonal fluctuations in water surface elevation, energy
gradient and sediment transport capacity. While floodplain vegetation is abundant in portions of
the Braided Reaches, some areas lack stable surfaces that can sustain riparian plant community
development processes, and other areas have been cleared of vegetation for agricultural
purposes.
In order to address these conditions, the restoration strategy in the Braided Reaches focuses on
establishing channel dimensions that are sustainable given the morphological setting and
governing flow and sediment regimes, gradually reducing sediment supply and transport
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competence in a downstream direction, promoting deposition of sediment on the floodplain,
constructing a new floodplain that is connected to the channel during average annual peak
flows, and revegetating the floodplain in a way that results in a complex, multi‐structured native
plant community with a mosaic of age classes and hydrologic regimes. Because natural
processes that would form instream habitat for focal species are not currently functioning in the
Braided Reaches, the restoration strategy also includes instream and bank structures that would
function as habitat for aquatic species in the short‐term. Over the long‐term, as riparian and
wetland plant communities develop on the floodplain and along stream banks, natural processes
would result in large and coarse wood being recruited into the stream channel, providing
ingredients for future aquatic habitat like woody debris jams, buried logs and the pools that
would result from this addition of complex hydraulic components.
Straight Reach Restoration Strategy
The Straight Reach is approximately one mile long and flows through the urbanized center of
Bonners Ferry. Aquatic and riparian habitat conditions are severely degraded in the Straight
Reach due to bank armoring and vegetation removal. The reach is subject to constraints from
infrastructure including a high percentage of riprap banks, two bridges at its upper end and
levees along its entire length. These levees, combined with naturally occurring entrenched
morphology, result in no floodplain being present in this reach and therefore no areas are
available where sediment can deposit or plants can grow. As such, the Straight Reach is effective
at routing sediment from the Braided Reaches into the downstream Meander Reaches.
Dominant bed substrate transitions from gravel to sand in the lower half of the reach due to
seasonal fluctuations in the Kootenay Lake backwater, which influences the energy gradient
through the reach. Riparian vegetation is present along banks, but is mostly growing in narrow
bands on levees, so a riparian buffer that could provide habitat or water quality protection is
lacking in this reach.
The restoration strategy in the Straight Reach is focused on improving aquatic habitat by
increasing cover, pool habitat and hydraulic complexity, and establishing a riparian buffer along
the channel margins. This strategy would be accomplished by installing instream structures and
these would allow the river to form pools and move sediment to channel margins, forming a
narrow floodplain. Instream structures would project into the channel to re‐direct and
concentrate flows into a narrower channel that exhibits improved hydraulic complexity. Areas
behind the structures would remain open water, but flow velocities would be relatively slower,
allowing sediment to accumulate and eventually form a small, inset floodplain. Where possible,
the riparian area width would be increased by planting woody vegetation. The Straight Reach
and Braided Reaches strategies are linked, so they would need to be implemented together to
most effectively address habitat limiting factors.
Meander Reaches Restoration Strategy
The Meander Reaches have been altered by a wide range of river and floodplain management
activities. The 55,000‐acre historical floodplain is entirely disconnected from river due to levees
and decreased mean annual peak flows, which result in water‐surface elevations that are nearly
10 feet lower than historical levels. Much of the historical riparian floodplain vegetation and
wetlands have been converted to agricultural land, and lands are dewatered to facilitate
agricultural practices. The consequences of these alterations on the ecosystem are significant,
with the decline of Kootenai sturgeon being one indicator of an ecosystem in decline. Similarly,
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the loss of floodplain connection, reduced availability of nutrients, lack of diverse habitat and
altered sediment and flow regimes place stress on food web dynamics and dependent species.
In the Meander Reaches, the restoration strategy focuses on improving interaction between the
river and floodplain. Due to the large percentage of private land ownership on the floodplain,
site specific rather than reach‐scale opportunities (such as in the Braided and Straight Reaches)
to improve aquatic habitat are included as part of the restoration strategy. Specific
opportunities for restoration in the Meander Reach will be further evaluated during later design
phases. Meander Reach restoration strategies focus on areas inside the levees adjacent to the
river and areas outside the levees that are known to be much lower in elevation and closer to the
range of post‐levee and post‐dam river stage elevations.
The Meander Reaches strategy includes placement of instream and bank structures to improve
habitat conditions and reduce bank erosion. Known Kootenai sturgeon spawning areas are
located near Shorty’s Island in Meander Reach 1, so these are areas where suitable spawning
substrate could be placed. Outer meander bends could be supplemented with woody debris
structures to create hiding cover for some aquatic focal species. Additional woody debris could
be placed near tributary mouths to improve instream habitat at these confluences.
Adjacent to the channel, some areas have been identified where levees are located a distance
from the river; floodplain surfaces could be excavated in these areas without compromising
flood control infrastructure. These areas would be lowered to an elevation corresponding to the
average peak flow river stage to create connected areas of restored floodplain. Other leveed
areas along the river have sparse or no bank vegetation and/or eroding banks. In these areas,
banks would be stabilized using a combination of natural materials like trees and river alluvium
combined with planted vegetation.
Outside of the levees, in the largely agricultural floodplain, the land elevation is relatively low; in
places, the floodplain is several feet below the peak flow river stage. Working closely with
landowners and diking districts, there may be opportunities to restore wetlands and riparian
plant communities in some of these low floodplain areas. Associated with riparian and wetland
restoration, some of these areas could be connected to the river as a way to create off‐channel
habitat that would support some life stages of aquatic focal species. Also in the floodplain,
several tributaries are present that include fish passage barriers which would be removed as part
of the Meander Reaches restoration strategy. In addition to removing fish passage barriers,
there are opportunities to restore aquatic and riparian habitat along tributary streams. Restoring
tributaries would support various life stages of some aquatic focal species.

Restoration Treatments
Table 2 provides a summary of specific restoration treatments that together form a habitat
action for each reach. Restoration treatments are proposed to achieve restoration strategies
and address limiting factors and constraints for the entire project area and within each reach.
The Master Plan includes a description for each restoration treatment that explains how each
treatment would address limiting factors, anticipated benefits, potential drawbacks, and the
degree to which each restoration treatment might overcome each limiting factor.
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Table 2. Summary of potential habitat actions and restoration treatments by reach.
Habitat Action
Stewardship
Actions that Apply
to All Reaches
Braided Reaches
Habitat Action

Straight Reach
Habitat Action

Meander Reaches
Habitat Action

Treatment Name
 Manage the discharge from Libby Dam
 Manage the backwater from Kootenay Lake
 Manage land use practices
 Mitigate for impacts from or to infrastructure
 No action
 Excavate or dredge the river to modify channel geometry
 Construct floodplain surfaces
 Construct and/or enhance wetlands
 Construct and/or enhance secondary channels
 Revegetate the floodplain
 Install bank structures (bank protection, bioengineering)
 Install instream structures (habitat, river training, grade control)
 Excavate or dredge the river to modify the channel geometry
 Revegetate the riparian corridor and establish a riparian buffer
 Install bank structures (bank protection, bioengineering)
 Install instream structures (habitat, river training, grade control)
 Excavate or dredge the river to modify the channel geometry
 Excavate floodplain adjacent to the river
 Construct or enhance wetlands adjacent to the river
 Construct or enhance wetlands behind the levees and connect to the river
 Construct or enhance secondary channels adjacent to the river
 Construct or enhance side channels behind the levees and connect to the river
 Revegetate the floodplain adjacent to the river
 Install bank structures (bank protection, bioengineering)
 Install instream structures (habitat, river training, grade control)
 Tributary restoration

Implementation Scenarios
The habitat actions shown in Table 2 above represent a toolbox of restoration treatments for
each reach. These combinations of treatments were chosen because they are likely to overcome
most or all of the limiting factors within a reach. In order to better illustrate where, and to what
extent, restoration treatments might be applied within each reach, and in order to develop
conceptual cost estimates, the Kootenai Tribe developed implementation scenarios, which are
examples of how habitat actions could be applied spatially. Implementation scenarios do not
represent specific recommended sets of restoration treatments; rather, they are ways to
illustrate low, medium and high levels of effort that can then be translated into estimated costs
to help with program planning. In addition, implementation scenarios show examples of
different ways that restoration treatments could be combined to overcome key limiting factors
where benefits to habitat increase as the level of restoration effort increases.
Because the Kootenai River Habitat Restoration Project covers such a large area and is designed
to address such a complex combination of interrelated limiting factors, it will likely take a
number of years to complete the work. This will likely result in various restoration phases being
implemented in different reaches at different times. Funding availability, environmental
compliance, and permitting schedules will also influence implementation sequencing. Later
design phases will consider sequencing in greater detail with the recognition that the Kootenai
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River Habitat Restoration Project is a single endeavor with component parts that are all inter‐
linked and inter‐dependent.
The implementation scenarios presented in the Master Plan represent potential approaches to
implementation and a way to understand the impacts of scale to both cost and project
effectiveness; however, the actual restoration treatments, scale of implementation, and details
about prioritization and sequencing of implementation will be determined in subsequent phases
of this project. It is important to remember that the minimum, moderate and maximum
implementation scenarios presented in the Master Plan are illustrative examples only.

Adaptive Management and Monitoring
In order to continually evaluate whether the Kootenai River Habitat Restoration Project is
accomplishing the project purpose, goals and objectives described in the Master Plan, an
adaptive management and monitoring program will be implemented to support the restoration
project. The purpose of the Kootenai River Habitat Restoration Project Adaptive Management
and Monitoring Plan is to provide a framework to:


Evaluate the effectiveness of the implemented habitat actions in terms of achieving the
project goals;



Identify project maintenance needs;



Identify any potential unforeseen negative impacts on infrastructure;



Support decisions to modify restoration treatments; and



Refine or modify restoration treatments that might be implemented in later phases of
the project.

The Adaptive Management and Monitoring program provides a mechanism to make the design
process adaptable and accountable, and to determine whether habitat restoration goals are
being achieved. Goals are described in terms of limiting factors related to morphology, riparian
vegetation and aquatic habitat (and constraints related to river stewardship) that must be
overcome to restore habitat; restoration strategies are identified to overcome limiting factors,
and objectives are quantifiable ways to determine whether limiting factors are being addressed
by treatments. In this document, some objectives include placeholders for thresholds that will
be developed during the next phase of the design process and used to determine whether
success criteria are being met.
Once preliminary designs are completed for a project reach, success criteria will be developed
based on either quantitative or qualitative criteria developed as part of the design. Success
criteria provide a way to explicitly state the expected outcomes of restoration treatments within
both short‐term and long‐term time frames. The associated monitoring program must include
ways to measure these criteria in a manner that is quantifiable, repeatable and accurate. To
accomplish this, metrics will be selected for each success criteria. Monitoring metrics are ways
of measuring criteria; for example, size class distribution is a metric for sediment transport and
feet per year is a metric for lateral bank erosion.
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Three types of monitoring are necessary to establish the integrated monitoring program. These
include baseline, implementation, and effectiveness monitoring.


Baseline monitoring documents the pre‐restoration condition.



Implementation monitoring (also called as‐built monitoring) documents the restoration
project as completed.



Effectiveness monitoring addresses whether project objectives are being met,
determines maintenance needs, and provides inputs into decision pathways.

To support the Adaptive Management and Monitoring Program, the Kootenai Tribe will convene
an interdisciplinary adaptive management and monitoring team that will include representatives
from key management agencies (co‐managers), a range of necessary disciplines (e.g., fish and
plant biologists, hydrologists, etc.) and other experts in the field of restoration. This team will
critically review monitoring data and other project‐related information (in the office and in the
field) so team members can interpret monitoring results in the context of developing ecosystem
functions and processes. Through this framework, it will be possible to determine whether the
implemented restoration treatments are meeting project objectives based on success criteria,
which corrective measures may be necessary, whether maintenance is necessary, and whether
monitoring methods and/or success criteria should be modified.
In addition to data collected specifically to support the Kootenai River Habitat Restoration
Project, other data focused on biological populations are currently being collected to support
related programs. The Kootenai River Habitat Restoration Project Adaptive Management and
Monitoring Program will include data from other programs as part of evaluating the effects of
the habitat restoration project. Data will be stored and managed in a centrally accessible
database that will be designed to support adaptive management.

Environmental Compliance and Consultation
Various federal, state, and local environmental laws and administrative requirements will apply
to the Kootenai River Habitat Restoration Project. The Master Plan provides an overview of
anticipated environmental compliance and consultation requirements related to subsequent
phases of the project. Applicable laws and environmental requirements include: NEPA, Clean
Water Act, Idaho water quality requirements, local floodplain permits, other permits related to
air quality and land use, Endangered Species Act, National Historic Preservation Act, and Federal
Farmland Protection Policy Act. Comprehensive permit requirements, schedule, and associated
costs will be developed and refined in the preliminary and final design phases.

Estimated Costs
To develop conceptual cost estimates, the Kootenai Tribe contracted with a large construction
firm with extensive experience planning, estimating, and building projects of similar scope and
scale. Cost estimates were developed for estimated construction and construction related costs,
for the minimum, moderate and maximum implementation scenarios for each of the project
reaches. The conceptual costs for the minimum, moderate and maximum implementation
scenarios for each project reach were then translated into unit costs (e.g., feet, acres, units) in
order to provide a flexible way to look at potential project costs by reach, scenario and
treatment that is consistent with the conceptual framework presented in this Master Plan. Cost
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estimates were based on the following categories: planning and coordination, data collection,
preliminary and final design; construction; as‐built documentation and establishment of
monitoring baselines; post‐construction effectiveness monitoring; biological monitoring; post‐
construction maintenance; permitting and environmental compliance; and management of land
use practices.
As noted previously, the Kootenai River Habitat Restoration Project will likely be implemented
over a number of construction seasons. Sequencing will be extremely important in managing
costs. As designs and implementation strategies and planning are refined during preliminary and
final design phases, it will be possible to determine which approach is likely be most cost
efficient in accomplishing the varying scopes of work.

Next Steps
This Master Plan provides a framework for planning, design and implementation of the Kootenai
River Habitat Restoration Project; it represents the first planning phase of this project. Critical
next steps will include:


Interim Planning – This phase will included targeted data collection and analysis
necessary to address uncertainty, better understand risks associated with specific
actions, and necessary to further refine specific design elements; prioritization and
selection of the specific restoration treatments and implementation scenarios that will
move forward to the preliminary and final design phases; and other necessary planning
and coordination activities.



Preliminary Design Phase – The preliminary design phase will include continued
evaluation of project feasibility, through a series of documents that address data gaps,
summarize data collection and analysis efforts, and identify specific reaches and
floodplain areas where restoration work will occur. Environmental compliance activities
will also be initiated, and in some cases completed in the preliminary design phase.



Final Design Phase – The final design phase will include development of a series of
specific documents and design drawings that describe the design elements for each of
the project components and/or the river reaches and floodplain areas based on the
project sequencing plan. Environmental compliance activities will be completed in the
final design phase.



Implementation Phase – During the implementation phase, the restoration project will
be constructed, monitored and maintained according to the project sequencing
schedule.

It is possible that various habitat restoration components of the Kootenai River Habitat
Restoration Project will be proceeding through the preliminary and final design phases and
implementation phase at different points in time. For example, there may be a phase 1 round of
projects, followed by a phase 2 and phase 3 round of projects – all of which will be developed
and adaptively managed within the framework of the Kootenai River Habitat Restoration Project.
The Kootenai River Habitat Restoration Project is a large and complex project. Successful design
and implementation will require the ongoing cooperation and collaboration of a broad
community of individuals and entities. The Tribe places a great deal of importance in ongoing
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stakeholder outreach and coordination, and these will be significant components of all phases of
the project.
This habitat restoration project will also complement and enhance the benefits derived from
other related habitat and aquaculture projects that are being, and have been, implemented by
the Tribe and others (e.g., Kootenai River Native Fish and Conservation Aquaculture Program,
nutrient restoration, Libby Dam Operational Loss Assessment, wildlife mitigation, Kootenai River
Valley Wetlands and Riparian Conservation Strategy, tributary restoration efforts, etc.)
The Kootenai Tribe looks forward to working with the regional co‐managers, agency, and
community partners to implem

Kootenai Tribe of Idaho
Kootenai River Habitat Restoration Project Master Plan – July 2009

xvii

i. Acknowledgements
The Kootenai Tribe of Idaho would like to thank the following individuals without whom it
would not have been possible to develop this Kootenai River Habitat Restoration Master Plan:
Paul Anders, John Barco, Billy Barquin, Gary Barton, Ray Beamesderfer, Erin Belmont, Scott
Bettin, David Bidelspach, Gary Birch, Troy Brandt, Eric Braun, Janine Castro, Alan Coburn, Beth
Coffey, Chip Corsi, Matt Daniels, Glen Davidson, Greg Delwiche, Karl Eriksen, Sheree Faulk,
Jason Flory, Sarah Flynn, Ryan Fosness, Mark Fritsch, Duncan Hay, Greg Hoffman, Sue Ireland,
Kelvin Ketchum, Boyd Kynard, Brian Kynard, Evan Lewis, Brandy Logan, Brian Marotz, Rich
McDonald, John McGlenn, Eileen McLanahan, Bruce Measure, Dustin Miller, Ed Mosey, John
Muhlfeld, Jon Nelson, Matt Neufeld, Joan Nichol, Vaughn Paragamian, Erika Parker, Tom
Parker, Mike Parsley, Patty Perry, Dave Ponganis, Mitch Price, Tom Quinn, Theresa Rabot, Amy
Reese, Shannon Riper, Robert Rose, Dave Rosgen, Kay Rosgen, Mike Roy, Pete Rust, Amy
Sacry, Mitch Silvers, John Shurts, Dave Smith, Colin Spence, Alison Squier, Olton Swanson, Rich
Torquemada, Jesse Wallace, Dan Warren, Lee Watts, Pat Wheeler, Scott Wright.
We are grateful also to all of the individuals who participated in various reviews of draft
components of this document. We also extend our appreciation to all of the individuals who
touched this project in one way or another, and who we have inadvertently overlooked.
The Kootenai Tribe received funding for the development of this Master Plan from the
Bonneville Power Administration (Project 200200200) under the Northwest Power and
Conservation Council’s Fish and Wildlife Program. The Tribe extends their thanks to Bonneville
Power Administration and the Northwest Power and Conservation Council.
The Tribal staff and consultants who have had the honor of working on this project also wish to
express our appreciation to the Tribal Elders and Tribal Council for providing an inspiring vision,
direction and guidance.
Finally, we thank all of the creatures of the Kootenai River, not least of all, the beautiful
Kootenai River white sturgeon, who have inspired us to keep trying to work together to make
it a better place.

Kootenai Tribe of Idaho
Kootenai River Habitat Restoration Project Master Plan – July 2009

xviii

ii. Table of Contents
1 Introduction ..................................................................................................................................................

1‐1

1.1 Overview......................................................................................................................................................
1.1.1 Purpose of the Kootenai River Habitat Restoration Project...................................................................
1.1.2 Need for the Kootenai River Habitat Restoration Project .....................................................................
1.1.3 Project location ........................................................................................................................................
1.1.4 Relationship to Other Projects in the Kootenai Subbasin......................................................................
1.2 Project Background and History ................................................................................................................
1.2.1 Data Collection and Analysis Prior to Project start.................................................................................
1.2.2 Project Implementation from 2002 Through 2005.................................................................................
1.2.3 Master Plan Development ......................................................................................................................
1.3 Project Vision, Goals and Objectives .........................................................................................................
1.3.1 Vision.........................................................................................................................................................
1.3.2 Ecosystem Restoration Philosophy.........................................................................................................
1.3.3 Project Goals and Objectives ..................................................................................................................
1.4 Master Plan Organization and Content.....................................................................................................

1‐1
1‐1
1‐1
1‐4
1‐7
1‐10
1‐10
1‐10
1‐11
1‐13
1‐13
1‐13
1‐15
1‐23

2 Kootenai Subbasin Ecosystem and Limiting Habitat Factors....................................................................

2‐1

2.1 Summary of Limiting Factors in the Project Area .....................................................................................
2.1.1 Constraints from River and Floodplain Management ............................................................................
2.1.2 Limiting Factors for Morphology ............................................................................................................
2.1.3 Limiting Factors for Riparian Vegetation................................................................................................
2.1.4 Limiting Factors for Aquatic Habitat ......................................................................................................
2.2 Kootenai Subbasin and Project Area Overview .......................................................................................
2.2.1 Location....................................................................................................................................................
2.2.2 Climate......................................................................................................................................................
2.2.3 Geology, Soils and Land Types ...............................................................................................................
2.2.4 Geomorphology ......................................................................................................................................
2.2.5 Habitat and Biota ....................................................................................................................................
2.2.6 Focal Species ...........................................................................................................................................
2.2.7 Riparian and Wetland Communities........................................................................................................
2.2.8 Delineation of Kootenai River Reaches within the Project Area ..........................................................
2.2.9 Summary..................................................................................................................................................
2.3 River and Floodplain Management in the Kootenai Subbasin ................................................................
2.3.1 Forestry Practices.....................................................................................................................................
2.3.2 Mining Practices ......................................................................................................................................
2.3.3 Agriculture................................................................................................................................................
2.3.4 Development...........................................................................................................................................
2.3.5 Dam Operations ......................................................................................................................................
2.3.6 Operational Constraints..........................................................................................................................
2.4 Morphological Limiting Factors ................................................................................................................
2.4.1 Altered Hydraulics ...................................................................................................................................
2.4.2 Altered Sediment Transport ...................................................................................................................
2.4.3 Altered Morphology................................................................................................................................
2.5 Vegetation Limiting Factors.......................................................................................................................
2.5.1 Altered Riparian Vegetation ...................................................................................................................
2.5.2 Altered Hydrologic and Sediment Regime ............................................................................................
2.5.3 Altered Floodplain Connectivity .............................................................................................................
2.5.4 Altered Wetland Function.......................................................................................................................

2‐3
2‐3
2‐5
2‐6
2‐7
2‐8
2‐8
2‐9
2‐9
2‐11
2‐11
2‐12
2‐13
2‐16
2‐17
2‐17
2‐18
2‐18
2‐19
2‐21
2‐25
2‐29
2‐33
2‐34
2‐40
2‐49
2‐62
2‐63
2‐69
2‐70
2‐72

Kootenai Tribe of Idaho
Kootenai River Habitat Restoration Project Master Plan – July 2009

xix

2.5.5 Altered Species Composition .................................................................................................................
2.6 Aquatic Habitat Limiting Factors ..............................................................................................................
2.6.1 Overview Aquatic Focal Species..............................................................................................................
2.6.2 Altered Ecosystem Effects on Aquatic Habitat......................................................................................
2.7 Summary ....................................................................................................................................................

2‐74
2‐75
2‐76
2‐103
2‐119

3 Restoration Strategies, Treatments and Habitat Actions..........................................................................

3‐1

3.1 Chapter Overview .......................................................................................................................................
3.2 Summary of Restoration Strategies and Treatments...............................................................................
3.3 Restoration Strategies and Treatments by Reach ...................................................................................
3.3.1 Project‐Wide Strategy and Treatments...................................................................................................
3.3.2 Braided Reaches Strategy, Treatments and Habitat Action .................................................................
3.3.3 Straight Reach Strategy, Treatments and Habitat Action ....................................................................
3.3.4 Meander Reaches Strategy, Treatments and Habitat Action...............................................................
3.4 Summary ....................................................................................................................................................

3‐1
3‐3
3‐9
3‐10
3‐15
3‐26
3‐35
3‐52

4 Habitat Action Implementation Scenarios..................................................................................................

4‐1

4.1 Overview......................................................................................................................................................
4.2 Approach to Determining Spatial Extents of Habitat Actions .................................................................
4.2.1 Limiting Factors Data Used To Support Spatial Extent of Habitat Actions...........................................
4.2.2 Restoration Suitability Analysis in Meander Reach Floodplain.............................................................
4.2.3 Other Analyses Used To Support Spatial Extent of Restoration Treatments......................................
4.3 Implementation Scenarios
...........................................................................................................................................................................
4.3.1 Braided Reach 1 Implementation Scenarios ..........................................................................................
4.3.2 Braided Reach 2 Implementation Scenarios ..........................................................................................
4.3.3 Straight Reach Implementation Scenarios ............................................................................................
4.3.4 Meander Reaches Implementation Scenarios.......................................................................................
4.4 Implementation Sequencing.....................................................................................................................
4.4.1 Example of minimum implementation scenario....................................................................................
4.4.2 Example of moderate implementation scenario...................................................................................
4.4.3 Example of maximum implementation scenario...................................................................................
4.5 Summary ..................................................................................................................................................

4‐1
4‐2
4‐2
4‐7
4‐17
4‐17

5 Adaptive Management and Monitoring......................................................................................................

5‐1

5.1 Overview......................................................................................................................................................
5.2 Adaptive Management and Monitoring Program.....................................................................................
5.3 Monitoring Program ..................................................................................................................................
5.3.1 Baseline Monitoring.................................................................................................................................
5.3.2 Implementation or As‐built Monitoring..................................................................................................
5.3.3 Effectiveness Monitoring........................................................................................................................
5.4 Framework for Making Adaptive Management Decisions Based on Monitoring Data..........................
5.4.1 Interpreting Monitoring Results for Decision‐Making ..........................................................................
5.4.2 Interpreting Monitoring Results to Modify Future Restoration Designs.............................................
5.4.3 Interpreting Monitoring Results for Routine Maintenance Needs ......................................................
5.4.4 Detecting Data Trends ...........................................................................................................................
5.5 Links to Other Restoration and Monitoring Programs ............................................................................
5.6 Data Storage ..............................................................................................................................................
5.7 Summary ....................................................................................................................................................

5‐1
5‐2
5‐13
5‐14
5‐14
5‐14
5‐17
5‐17
5‐19
5‐19
5‐20
5‐20
5‐24
5‐26

Kootenai Tribe of Idaho
Kootenai River Habitat Restoration Project Master Plan – July 2009

4‐18
4‐20
4‐23
4‐26
4‐30
4‐31
4‐31
4‐32
4‐34

xx

6 Environmental Compliance and Consultation............................................................................................

6‐1

6.1 National Environmental Policy Act.............................................................................................................
6.2 Probable Regulatory Steps .......................................................................................................................
6.3 Endangered Species Act.............................................................................................................................
6.4 Clean Water Act .........................................................................................................................................
6.5 Federal National Historic Preservation Act ..............................................................................................
6.6 Federal Farmland Protection Policy Act....................................................................................................
6.7 State Approvals..........................................................................................................................................
6.8 Boundary County Approvals .....................................................................................................................
6.9 Summary ....................................................................................................................................................

6‐1
6‐2
6‐2
6‐7
6‐8
6‐8
6‐8
6‐9
6‐9

7 Estimated Costs.............................................................................................................................................

7‐1

7.1 Overview......................................................................................................................................................
7.2 Development of Cost Estimates ................................................................................................................
7.2.1 Approach to Development of Cost Estimates ........................................................................................
7.2.2 Development of Costs by Category .......................................................................................................
7.3 Other Cost Considerations ........................................................................................................................
7.3.1 Project Sequencing .................................................................................................................................
7.3.2 Economy of Scale ....................................................................................................................................
7.3.3 Inflation and Cost Escalation ..................................................................................................................
7.4 Estimated Costs and Cost Considerations for Implementation Scenarios .............................................
7.4.1 Costs Associated with Implementation Scenarios in the Braided Reaches .........................................
7.4.2 Costs Associated with Straight Reach Implementation Scenario ........................................................
7.4.3 Costs Associated with Implementation Scenarios in the Meander Reaches .......................................
7.5 Summary Discussion ..................................................................................................................................

7‐1
7‐1
7‐2
7‐3
7‐16
7‐16
7‐17
7‐17
7‐18
7‐18
7‐24
7‐27
7‐33

8 Funding..........................................................................................................................................................

8‐1

8.1 Overview.....................................................................................................................................................
8.2 Conceptual Fundraising Strategy...............................................................................................................
8.3 Large‐Scale Dedicated Funding Sources...................................................................................................
8.3.1 Water Resources Development Act........................................................................................................
8.3.2 Northwest Power and Conservation Council’s Fish and Wildlife Program ..........................................
8.3.3 Economic Stimulus Funding....................................................................................................................
8.3.4 Appropriations Request..........................................................................................................................
8.4 Competitive Grants ...................................................................................................................................
8.4.1 Potential Sources of Larger Awards.......................................................................................................
8.4.2 Potential Sources of Smaller Awards ....................................................................................................
8.5 Other Potential Funding Sources ..............................................................................................................
8.5.1 Natural Resource Conservation Service Farm Bill Conservation Incentive Programs .........................
8.5.2 Mitigation/Conservation Banking...........................................................................................................
8.6 Summary ....................................................................................................................................................

8‐1
8‐2
8‐3
8‐3
8‐4
8‐5
8‐6
8‐6
8‐6
8‐8
8‐9
8‐9
8‐10
8‐10

9 Next Steps .....................................................................................................................................................

9‐1

9.1 Overview.....................................................................................................................................................
9.2 Project Management, Coordination and Outreach..................................................................................
9.2.1 Project Management and Planning........................................................................................................
9.2.2 Coordination and Outreach ...................................................................................................................
9.3 Data Collection and Analysis .....................................................................................................................
9.4 Environmental Compliance and Permitting..............................................................................................
9.5 Preliminary and Final Design .....................................................................................................................

9‐1
9‐4
9‐4
9‐4
9‐5
9‐8
9‐8

Kootenai Tribe of Idaho
Kootenai River Habitat Restoration Project Master Plan – July 2009

xxi

9.5.1 Preliminary Design ..................................................................................................................................
9.5.2 Final Design .............................................................................................................................................
9.6 Funding Analysis and Strategy..................................................................................................................
9.7 Implementation .........................................................................................................................................
9.8 Summary ....................................................................................................................................................

9‐8
9‐10
9‐11
9‐12
9‐12

Citations
Appendix A: Hydraulic Analysis
Appendix B: Sediment‐Transport
Appendix C: Vegetation Assessment and Supporting Information
Appendix D: Prioritized Fish and Physical Habitat Factors
Appendix E: Geomorphology Supplement
Appendix F: Supplemental Cost Appendices

Kootenai Tribe of Idaho
Kootenai River Habitat Restoration Project Master Plan – July 2009

xxii

iii. List of Figures
Figure 1‐1. Project location within Kootenai Subbasin......................................................................................
Figure 1‐2. Relationship among Master Plan components...............................................................................
Figure 2‐1. Relationship of Chapter 2 to other chapters in this Master Plan and related terminology..........
Figure 2‐2. The Kootenai subbasin and location of the proposed Kootenai River Habitat Restoration
Project…............................................................................................................................................................
Figure 2‐3. Kootenai River project area floodplain elevations relative to the 30 kcfs water‐surface............
Figure 2‐4. Infrastructure in the Kootenai River project area..........................................................................
Figure 2‐5. Dam and stream gage locations in the project area. USGS gages that are referred to in the
Master Plan are highlighted .............................................................................................................................
Figure 2‐6. The historical mean daily discharge of the Kootenai River measured at Porthill, Idaho (USGS
Sta #12322000). The post‐BiOp period includes three opinions from USFWS: 1995, 2000 and 2006. The
2006 Libby Dam BiOp was clarified in 2008.....................................................................................................
Figure 2‐7. Historical water‐surface elevations for Kootenay Lake at Queens Bay, British Columbia. ........
Figure 2‐8. Backwater extents on the Kootenai River in the Bonners Ferry area based on hydraulic
modeling results and varied boundary conditions (discharge and Kootenay Lake elevation which is
represented in the figure by water‐surface elevations measured at the Porthill gage). Datum is
NAVD88..............................................................................................................................................................
Figure 2‐9. Pre and post dam water temperatures for the Kootenai River at Porthill (USGS Sta #
12322000) ...........................................................................................................................................................
Figure 2‐10. Operational regime comparison for Kootenay Lake at Queens Bay, British Columbia
(o8NH064). .......................................................................................................................................................
Figure 2‐11. Governing boundary conditions by DWY for pre‐dam, post‐BiOp at the Porthill USGS Station
#12322000. .........................................................................................................................................................
Figure 2‐12. Departure in bankfull energy grade by reach for pre‐dam (65 kcfs) versus post‐BiOp (30
kcfs)....................................................................................................................................................................
Figure 2‐13. Departure in bankfull hydraulic depth by reach for pre‐dam (65 kcfs) versus post‐BiOp (30
kcfs) regimes. ....................................................................................................................................................
Figure 2‐14. Hydraulic depth by DWY for pre‐dam versus post‐BiOp in the Braided Reaches 1 and 2...........
Figure 2‐15. Departure in bankfull discharge velocity by reach for pre‐dam (65 kcfs) versus post‐BiOp (30
kcfs) regimes. ....................................................................................................................................................
Figure 2‐16. Departure in bankfull boundary shear stress by reach for pre‐dam (65 kcfs) versus
post‐BiOp (30 kcfs) regimes. ............................................................................................................................
Figure 2‐17. Boundary shear stress by DWY for pre‐dam versus post‐BiOp regimes in the Braided Reach 1
(left) and Braided Reach 2 (right).....................................................................................................................
Figure 2‐18. Annual trends of velocity (left) and shear stress (right) for pre‐dam versus post‐BiOp
regimes in Meander Reach 1..............................................................................................................................
Figure 2‐19. Historical suspended‐sediment load: Kootenai River near Copeland, ID (Sta #12318500) in
Meander Reach 2 from 1968 through 1984. ....................................................................................................
Figure 2‐20. Maximum mobile particle size and inner quartile range for the pre‐dam and post‐BiOp
regimes for the Braided 1 reach (top left), Braided 2 reach (top right), Straight reach (bottom left),
Meander 1 reach(bottom right) for median hydraulic conditions. .................................................................
Figure 2‐21. D50 particle size of bed sediment by river mile (after Burke 2006). ...........................................
Figure 2‐22. Effective diameters of surface layer sediment through the Braided Reaches, from USGS
Pebble Count and Shovel Data collected from 2002‐2008..............................................................................
Figure 2‐23. D50 Surface Pebble Counts in the Braided Reaches. ..................................................................
Figure 2‐24. Effective diameters for subsurface Dredge Samples in Meander Reach 1 (Berenbrock
2005)...................................................................................................................................................................
Figure 2‐25. Sediment sampling stations in the study reach............................................................................

Kootenai Tribe of Idaho
Kootenai River Habitat Restoration Project Master Plan – July 2009

1‐6
1‐18
2‐2
2‐10
2‐15
2‐23
2‐26
2‐27
2‐27

2‐28
2‐29
2‐31
2‐35
2‐36
2‐37
2‐38
2‐38
2‐39
2‐39
2‐40
2‐42
2‐43
2‐44
2‐45
2‐45
2‐46
2‐47

xxiii

Figure 2‐26. Hydrograph at Porthill (USGS #12322000) and Libby Dam (USGS #12301933) with sediment
sampling events for water year 2008. .............................................................................................................
Figure 2‐27. Estimated annual bed material load for water year 2008............................................................
Figure 2‐28. The distribution of existing condition stream types by reach. The graph also illustrates the
30 kcfs water‐surface elevation through the project area..............................................................................
Figure 2‐29. The existing morphology of Braided Reach 1 (left) and Braided Reach 2 (right) is
characterized by a dominant channel, active secondary channels, sediment deposition, and lateral
migration............................................................................................................................................................
Figure 2‐30. Comparison of channel migration trends from 1862‐2004 in Braided Reach 2. A major
channel avulsion occurred between 1934 and 1992. A pronounced side channel has been gradually
disconnected from the system over time due to hydrologic changes and construction of the BNSF
railway........ ........................................................................................................................................................
Figure 2‐31. Comparison of channel migration trends from 1862‐2004 in Meander Reach 2. An active
neck cutoff is visible as the channel erodes the lower one‐third of the bend in the center of the photo.
The oxbow maintains hydrologic connectivity with the dominant channel...................................................
Figure 2‐32. Existing levees in Meander Reach 1. The levees are subject to erosion due to loss of
boundary roughness and lack of resistance to flow (left photo). Stabilization efforts are ongoing in the
Meander Reach and typically include rock armoring and placement of tree revetments (right photo).
Levee erosion is a source of sediment to the Kootenai River in the Meander Reach. ..................................
Figure 2‐33. Comparison of reach‐averaged meander belt width values from 1862‐1865, 1934 and 2006.
Floodplain constraints and infrastructure have decreased the channel belt width in the four primary
reaches of the project area. .............................................................................................................................
Figure 2‐34. Comparison of channel width‐to‐depth ratios in the project reaches based on pre‐dam and
post‐ BiOp hydraulic regimes. Reach averaged width‐to‐depth ratios have increased in all reaches, most
notably by 85% in Braided Reach 2 in the post‐BiOp era..................................................................................
Figure 2‐35. Comparison of mean annual peak water surface elevations for pre‐dam (65kcfs) and
post‐BiOp (30kcfs) flow regimes. The difference between the two water surfaces is approximately
seven to ten feet. ..............................................................................................................................................
Figure 2‐36. Select cross‐sections with pre‐dam (65kcfs) and post‐BiOp (30kcfs) mean annual peak
discharge water surface elevations for Braided Reach 1 RM 158.2 (top left), Braided Reach 2 RM 154.2
(top right), Straight Reach RM 152.3 (bottom left), Meander Reach 1 RM 136.5 (bottom right). Lower
water surface elevations in the post‐dam era combined with levees have resulted in a loss of floodplain
connection in all reaches. .................................................................................................................................
Figure 2‐37. Comparison of predicted and measured bank erosion rates for the Kootenai River project
area by reach (Wildland Hydrology 2008)........................................................................................................
Figure 2‐38. Existing condition bank erodibility hazard indices (BEHI) in the project area. The map
categorizes streambanks by BEHI rating including low, moderate, high and extreme. ...............................
Figure 2‐39. Vegetation and land cover types in the Kootenai River project reach (KTOI 2009). ................
Figure 2‐40. Typical distribution of cottonwood stands on levees in the Meander Reaches (left photo).
The right photo shows colonization of Great Plains cottonwood on sandbar surfaces in distinct linear
banks likely tied to Libby Dam reservoir flow releases....................................................................................
Figure 2‐41. Young age classes of black cottonwood (left photo) and sandbar willow (right photo). ........
Figure 2‐42. Distribution of agricultural and non‐agricultural land in the Kootenai River project area.........
Figure 2‐43. Time‐series analysis of wetland change, 1890‐1990 (Modified from USEPA 2004). ..................
Figure 2‐44. River channel depths associated with a discharge of 65kcfs (pre‐dam mean annual peak
flow.River depths exceeding 23 ft (Kootenai sturgeon BiOp spawning habitat depth target) are located
throughout the Straight and Meander reaches. Shallower depths characterize the Braided Reach. .........
Figure 2‐45. River channel depths associated with a discharge of 30kcfs (post‐dam mean annual peak
flow). River depths exceeding 23 ft (Kootenai sturgeon BiOp spawning habitat depth target) are
located in the downstream half of the Straight Reach and throughout the Meander Reach. Shallower
depths characterize the Braided Reach and upstream half of the Straight Reach........................................

Kootenai Tribe of Idaho
Kootenai River Habitat Restoration Project Master Plan – July 2009

2‐48
2‐48
2‐50

2‐52

2‐53

2‐54

2‐55
2‐55

2‐57
2‐57

2‐58
2‐60
2‐61
2‐67

2‐68
2‐69
2‐71
2‐73

2‐105

2‐106

xxiv

Figure 2‐46. A comparison of channel depth categories in the project reach for the pre‐dam mean
annual peak flow (65kcfs) and post‐dam mean annual peak flow (30kcfs). The proportion of shallower
depth categories increases from the pre‐dam to post‐dam periods. Meander Reach 1 exhibits the least
amount of change due to the consistent presence of the Kootenay Lake backwater..................................
Figure 2‐47. Water velocities associated with a discharge of 65kcfs (pre‐dam mean annual peak
flow).Velocities exceeding 3.3 fps (Kootenai sturgeon BiOp spawning habitat velocity target), shown in
red or darker colors, are located throughout the Straight and Meander reaches, and sporadically
through the Braided Reach. The lowest range of velocities is in Braided Reach 2 due to the broad
channel crosssection. ........................................................................................................................................
Figure 2‐48. Water velocities associated with a discharge of 30kcfs (post‐dam mean annual peak flow).
Velocities exceeding 3.3 fps (Kootenai sturgeon Libby Dam BiOp spawning habitat velocity target),
shown in red or darker colors, are limited to portions of the Straight and Braided reaches. ......................
Figure 2‐49. A comparison of water velocities in the project reaches for the pre‐dam (65 kcfs) and
post‐dam30 kcfs) mean annual peak flows. ....................................................................................................
Figure 2‐50. Existing condition channel bed materials in the project area. Coarse substrate suitable for
spawning has become increasingly embedded with finer substrate..............................................................
Figure 2‐51. The distribution of pool and riffle habitats in the project reaches based on thalweg depth
relative to mean depth. Thalweg depths exceeding twice mean depth are considered to be pool
features. .............................................................................................................................................................
Figure 2‐52. Average pre‐ and post‐dam water temperature for the Kootenai River at Porthill (USGS
Station#12322000)..............................................................................................................................................
Figure 2‐53. Recognized fish passage barriers on tributaries to the Kootenai River project area. Barriers
include both natural barriers like waterfalls, as well as human barriers such as road crossings. Many
barriers are located at the transition from the valley floor to steeper forested reaches. ............................
Figure 2‐54. The distribution of bank vegetation cover conditions are presented as a proxy for
streambank cover. ............................................................................................................................................
Figure 3‐1. Relationship of Chapter 3 to Master Plan components in chapters 1, 2 and 4..............................
Figure 4‐1. BEHI ratings in the Braided and Straight Reaches. .......................................................................
Figure 4‐2. Channel depths throughout the project area (30,000 cfs) at bankfull discharge.......................
Figure 4‐3. Channel velocities throughout the project area (30,000 cfs) at bankfull discharge. .................
Figure 4‐4. Distribution of riffle and pool habitat throughout the project reaches (30,000 cfs). ................
Figure 4‐5. Areas with greater than 50% hydric component within a soil map unit.......................................
Figure 4‐6. Floodplain elevation categories related to potential plant hydroperiod regimes. River stage
is based on a water‐surface elevation of 1754 at Porthill. ...............................................................................
Figure 4‐7. Native vegetation cover types (enhancement) and other cover types (restoration). ...............
Figure 4‐8. Public/ conservation lands and private lands in the project reaches...........................................
Figure 4‐9. Floodplain restoration suitability analysis results for areas outside levees. ...............................
Figure 4‐10. Conceptual implementation timeline related to minimum, moderate, and maximum
implementation scenarios. ...............................................................................................................................
Figure 5‐1. Restoration design process. ...........................................................................................................
Figure 5‐2. Adaptive management decision pathway......................................................................................
Figure 9‐1. Kootenai River Habitat Restoration Project phases and major associated tasks.........................

Kootenai Tribe of Idaho
Kootenai River Habitat Restoration Project Master Plan – July 2009

2‐108

2‐109
2‐110
2‐112
2‐113

2‐114
2‐116

2‐117
2‐118
3‐2
4‐5
4‐5
4‐6
4‐6
4‐8
4‐10
4‐12
4‐14
4‐16
4‐34
5‐4
5‐19
9‐3

xxv

iv. List of Tables
Table 1‐2. Relationship among projects funded by BPA in the Kootenai subbasin and the ecosystem
adaptive management program component they address.............................................................................
Table 1‐3. Kootenai Subbasin Plan objectives that support Habitat Restoration Project goals.....................
Table 1‐4. Limiting factors, strategies and habitat restoration project objectives related to goal 1
morphology........................................................................................................................................................
Table 1‐5. Limiting factors, strategies and habitat restoration project objectives related to goal 2, riparian
vegetation. ...........................................................................................................................................
Table 1‐6. Limiting factors, strategies and habitat restoration project objectives related to goal 3, aquatic
habitat. ..................................................................................................................................................
Table 1‐7. Limiting factors, strategies and habitat restoration project objectives related to project goal 4,
river stewardship................................................................................................................................................
Table 2‐1. Fish species in the Kootenai subbasin. .............................................................................................
Table 2‐2. Relationship between calendar year and water year......................................................................
Table 2‐3. The IJC Order rule curve for managing the Kootenay Lake level. ..................................................
Table 2‐4. Libby Dam Annual Operational Modes. ...........................................................................................
Table 2‐5. Libby Dam BiOp RPA for Critical Habitat Reach (RM 141.4 to RM 159.7)........................................
Table 2‐6. Summary of mean bankfull hydraulic departure for pre‐dam and post‐BiOp regimes. ................
Table 2‐7. A summary of valley type, historical stream type, and existing stream type by reach. ................
Table 2‐8. Percent change in channel planform indices for the Kootenai River Project Area using the
Government Land Office (GLO) maps, 1934 and 2006 air photos. The percent change compares 2006
values relative to the GLO values. ....................................................................................................................
Table 2‐9. Summary of mean bankfull hydraulic departure for pre‐dam and post‐dam regimes..................
Table 2‐10. Comparison of predicted (Colorado) and measured (Kootenai) bank erosion rates for
Kootenai River reaches......................................................................................................................................
Table 2‐11. Existing vegetation communities and other cover types within select reaches of the Kootenai
River in the project area, reference reaches on the Kootenai River upstream of Libby Dam, and on other
regional streams (Egger et al. 2008). ...............................................................................................................
Table 2‐12. National Wetlands Inventory (NWI) acres of wetlands in the lower Kootenai subbasin. ...........
Table 2‐13. Kootenai sturgeon life stage and preferred habitat characteristics based on empirical data,
literature, and professional judgment. .............................................................................................................
Table 2‐14. Burbot life stage and preferred habitat characteristics based on empirical data, literature,
and professional judgment................................................................................................................................
Table 2‐15. Bull trout life stage and preferred habitat characteristics based on empirical data and
literature. ...........................................................................................................................................................
Table 2‐16. Kokanee life stage and preferred habitat characteristics based on empirical data and
literature. ...........................................................................................................................................................
Table 2‐17. Columbia River redband trout life stage and preferred habitat characteristics based on
empirical data and literature. ............................................................................................................................
Table 2‐18. Westslope cutthroat trout life stage and preferred habitat characteristics based on empirical
data and literature..............................................................................................................................................
Table 2‐19. Pre‐dam channel thalweg depths (ft) and percentage of reach length for five channel depth
categories based on 65 kcfs discharge. ............................................................................................................
Table 2‐20. Post‐dam channel thalweg depths (ft) and percentage of reach length for five channel depth
categories based on 30 kcfs discharge. .................................................................................................
Table 2‐21. Pre‐dam water velocities (fps) in the thalweg and percentage of reach length for seven
velocity categories.............................................................................................................................................
Table 2‐22. Post‐dam water velocities (fps) in the thalweg and percentage of reach length for seven
velocity categories.............................................................................................................................................

Kootenai Tribe of Idaho
Kootenai River Habitat Restoration Project Master Plan – July 2009

1‐9
1‐16
1‐19
1‐20
1‐21
1‐22
2‐12
2‐29
2‐31
2‐32
2‐33
2‐37
2‐50

2‐51
2‐57
2‐60
2‐66
2‐72
2‐81
2‐87
2‐91
2‐95
2‐99
2‐102
2‐107
2‐107
2‐111
2‐111

xxvi

Table 2‐23. Pool and riffle habitat unit lengths and the percentage of the habitat unit’s portion of each
reach within the Master Plan project area........................................................................................................
Table 2‐24. Kootenai River bank cover conditions for the Master Plan project reach. ..................................
Table 3‐1. Summary of limiting factors, restoration strategy components and restoration treatments for
the Kootenai River Habitat Restoration Project. ..............................................................................................
Table 3‐2. Summary of potential habitat actions and restoration treatments by reach. ...............................
Table 3‐3. Ability of treatments to address limiting factors in the Braided Reaches. .....................................
Table 3‐4. Ability of treatments to address limiting factors in the Straight Reach. ........................................
Table 3‐5. Ability of treatments to address limiting factors in the Meander Reaches. ..................................
Table 4‐1. Summary of available limiting factors data for instream habitat by reach. ....................................
Table 4‐2. Groupings of land cover types into categories to support floodplain restoration suitability
analysis. ..............................................................................................................................................................
Table 4‐3. Floodplain restoration suitability categories and associated attributes.........................................
Table 4‐4. Braided Reach 1 criteria for minimum, moderate and maximum implementation scenarios. ......
Table 4‐5. Braided Reach 1 restoration treatment quantities by implementation scenario. ..........................
Table 4‐6. Braided Reach 2 criteria for minimum, moderate and maximum implementation scenarios. .....
Table 4‐7. Braided Reach 2 restoration treatment quantities by implementation scenario. .........................
Table 4‐8. Straight Reach criteria for minimum, moderate, and maximum implementation scenarios. ......
Table 4‐9. Straight Reach restoration treatment quantities by implementation scenario. ...........................
Table 4‐10. Meander Reach 1 and 2 criteria for minimum, moderate, and maximum implementation
scenarios. ............................................................................................................................................................
Table 4‐11. Meander Reach 1 restoration treatment quantities by implementation scenario........................
Table 4‐12. Meander Reach 2 restoration treatment quantities by implementation scenario. ......................
Table 5‐1. Limiting factors, strategies, objectives and metrics by four goal categories..................................
Table 5‐2. Conceptual success criteria for adaptive management in the context of short‐term and
long‐term time frames. ......................................................................................................................................
Table 5‐3. Example of potential monitoring sampling locations, effort, timing and frequency. ...................
Table 5‐4. Adaptive Management Decision‐making Framework......................................................................
Table 5‐5. Related Monitoring and Evaluation Programs. ...............................................................................
Table 5‐6. Kootenai Tribe’s Fish and Wildlife Database data and metrics. .....................................................
Table 6‐1. Kootenai River Habitat Restoration Project general permitting schedule.....................................
Table 7‐1. Braided Reach 1, treatments and units for a moderate implementation scenario.........................
Table 7‐2. Braided Reach 1, cost estimate summary (all cost categories), moderate implementation
scenario. .............................................................................................................................................................
Table 7‐3. Braided Reach 1, estimated planning, coordination, data collection, preliminary and final
design costs, moderate implementation scenario............................................................................................
Table 7‐4. Braided Reach 1, units and estimated construction costs, moderate implementation scenario.
.............................................................................................................................................................................
Table 7‐5. Braided Reach 1, estimated as‐built documentation and establishment of monitoring baselines
costs,moderate implementation scenario. .......................................................................................................
Table 7‐6. Braided Reach 1, estimated post‐construction effectiveness monitoring costs, moderate
implementation scenario....................................................................................................................................
Table 7‐7. Braided Reach 1, estimated biological monitoring costs, moderate implementation
scenario................................................................................................................................................................
Table 7‐8. Braided Reach 1, estimated post‐construction maintenance costs, moderate implementation
scenario. ..............................................................................................................................................................
Table 7‐9. Braided Reach 1, estimated environmental compliance (permits) costs, moderate
implementation scenario. ..................................................................................................................................
Table 7‐10. Braided Reach 1, estimated environmental compliance costs for (NEPA EIS), moderate
implementation scenario....................................................................................................................................
Table 7‐11. Braided Reach 1, estimated management of land use practices costs, moderate

Kootenai Tribe of Idaho
Kootenai River Habitat Restoration Project Master Plan – July 2009

2‐115
2‐119
3‐5
3‐9
3‐25
3‐33
3‐48
4‐4
4‐11
4‐15
4‐19
4‐20
4‐22
4‐23
4‐25
4‐26
4‐28
4‐29
4‐30
5‐6
5‐6
5‐15
5‐18
5‐21
5‐25
6‐3
7‐3
7‐4
7‐5
7‐7
7‐8
7‐9
7‐10
7‐11
7‐12
7‐13

xxvii

implementation scenario. ..................................................................................................................................
Table 7‐12. Braided Reach 1, summary of estimated construction costs for all implementation
scenarios…..........................................................................................................................................................
Table 7‐13. Braided Reach 1, estimated costs for all Implementation scenarios (all cost
categories)................ ..........................................................................................................................................
Table 7‐14. Braided Reach 2, summary of estimated construction costs for all implementation scenarios...
Table 7‐15. Braided Reach 2, estimated costs for all implementation scenarios (all cost
categories)...........................................................................................................................................................
Table 7‐16. Straight Reach, summary of estimated construction costs for all implementation
scenarios......... ....................................................................................................................................................
Table 7‐17. Straight Reach, estimated costs for all implementation scenarios (all cost categories).
..............................................................................................................................................................................
Table 7‐18. Meander Reach 1, summary of estimated construction costs for all implementation
scenarios..............................................................................................................................................................
Table 7‐19. Meander Reach 1, estimated costs for all implementation scenarios (all cost
categories).............. ............................................................................................................................................
Table 7‐20. Meander Reach 2, summary of estimated construction costs for all implementation
scenarios..............................................................................................................................................................
Table 7‐21. Meander Reach 2, estimated costs for all implementation scenarios (all cost categories). ........

Kootenai Tribe of Idaho
Kootenai River Habitat Restoration Project Master Plan – July 2009

7‐15
7‐19
7‐20
7‐22
7‐23

7‐25
7‐26
7‐28
7‐29
7‐31
7‐32

xxviii

v. Glossary
Abiotic – The nonliving or physical aspects of an ecosystem.
Accretion – A natural process of gradual sediment accumulation on channel features,
especially channel bed and banks or bottomland surfaces including the floodplain and low‐lying
terraces, through the deposition of fine fluvial sediment.
Active restoration – The direct structural modifications to the river, its floodplain or
infrastructures (i.e., channel realignment, levee removal, instream habitat structures, or
revegetation) to reestablish the natural process, vegetation, and habitat of an ecosystem.
Adaptive management – A management approach that allows for new information gained
through monitoring to be integrated into the restoration planning process to support changes
in implementation.
Aggradation – A geologic process where sediment deposition results in the progressive
buildup or rise in elevation of the channel bed and floodplain.
Alluvial fan – A triangular or fan‐shaped deposit of alluvium that forms when a stream
transitions from a steep to a flatter gradient resulting in a loss of velocity and
deposition of sediments.
Alluvium – Sediments, such as sand, silt, clay, gravel, or rock that are deposited by running
water.
Anadromous ‐‐ Fish that spend portions of their life cycle in both fresh and salt water, leaving
salt water to spawn in fresh water.
Anthropogenic – The influence of human beings on natural objects.
Aquaculture ‐‐ The farming or cultivation of aquatic organisms, including fish, mollusks or
aquatic plants, that involves some form of intervention in the rearing process, such as stocking,
feeding, protection from predators, or fertilizing of water.
Aquatic – Relating to living, being or growing in water.
Augmentation flows – The increase in duration, frequency, or intensity of the flow of water
released from a dam for the purpose of supporting downstream aquatic resources.
Avulsion – The shift in a channel’s location where a portion of channel is abandoned as a new
portion of channel forms through adjacent terrain.
Backwater effect – The rise in surface water elevation upstream of a dam or other natural or
artificial flow obstruction.
Bank armoring – Structural treatments designed to stabilize channel banks.
Bankfull – The bankfull stage corresponds to the discharge at which channel maintenance is
the most effective, that is, the discharge at which moving sediment, forming or removing bars,
forming or changing bends and meanders, and generally doing work that results in the average
morphologic characteristics of channels.
Bars (Alluvial) – Sediment accumulations along waterways deposited by moving water.
Examples include: 1) point bars — bars that are formed on the inside of a meander channel, 2)
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side bars — bars that are formed along the edges of relatively straight sections of a river, 3)
mid‐channel bars — these are found within the channel and generally become more noticeable
during low flow periods, and 4) delta bars — formed immediately downstream of the
confluences of a tributary and the main river.
Base flow – The portion of the stream discharge or flow that is not attributable to direct runoff
from precipitation or melting snow; it is usually sustained by ground‐water discharge.
Bed armoring – Structural treatments designed to stabilize channel bed elevations.
Bedform – The topography of the channel bed resulting from the interaction of stream flow
patterns and bed sediments.
Bedload – Sand, silt, gravel and rock, mainly not in suspension, carried by a stream along its
bed.
Belt width – A measure of the lateral extents of a channel pattern expressed as the average
width occupied by a meandering channel within a floodplain.
Bioaccumulation – general term for the accumulation, through respiration, food intake, skin
contact or other means, of substances, such as organic chemicals in an organism or part of an
organism resulting in higher concentration of the substance in the organism than in the
organism’s surrounding environment.
Bioengineering – The use of live plant materials, as a stand‐alone treatment or in conjunction
with conventional engineering techniques, to provide erosion control, slope and stream bank
stabilization, landscape restoration, and wildlife habitat.
Biomes – A terrestrial region inhabited by well‐defined types of life, especially vegetation, that
generally cannot live outside that specific region. Examples include types of deserts such as
‘high’ or ‘low’ desert; grasslands such as prairies or coastal dunes; or forests such as temperate
or rain forests.
Biomonitoring – The study of biological organisms and their responses to assess the ecological
condition of the environment.
Biota – All living organisms, including plants and animals, of a region, as in a stream or other
body of water.
Biotic – Related to living organisms.
Boundary conditions – The mathematical expression of a state of the physical system that
constrains the equations of the mathematical model.
Channel bars – In‐channel sediment of relatively coarse bed material, typically coarse sand
through cobbles in size, that is generally deposited during the recession of a high flow and is
mostly exposed during periods of low flow; (see also Bars).
Channel bed armor layer – The coarse surface layer of bed particles that is coarser than the
particles supplied as bedload.
Channel unit or channel habitat unit – Relatively homogeneous areas of a channel that differ in
depth, velocity, and substrate characteristics from adjoining areas, creating different habitat
types in a stream channel.
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Competence – The ability of a current of water to transport specified particle sizes of sediment
(see also Sediment competency).
Cover type – An aggregation of plant communities, grouped and named by the species with
the greatest canopy coverage in the overstory or upper layer.
Critical habitat – USFWS designation of specific geographic areas, whether occupied by a listed
species or not, that are essential for its conservation and that have been formally designated
by rule published in the Federal Register.
Cross‐section (channel) – Measurements taken through a stream at right angles to the main
(average) direction of flow.
D50 (and others: D16, D50, D84 and D100) – The particle size for which 50 percent of the mass
sampled is less than the particle size.
Deciduous – Plants that shed or lose leaves annually.
Degradation – Geomorphology context: The lowering of a bottomland surface through the
process of erosion; conceptually it is the opposite of the vertical component of aggradation
and is most frequently applied to sediment removed from a channel bed or other low‐lying
parts of a stream channel. It is also referred to as downcutting.
Ecological context – The incremental and progressive impairment of an ecosystem caused by
stress events or disturbances that occur with such frequency that recovery is not possible.
Demersal eggs – Eggs that are deposited or sink to the bottom of the channel.
Deposition – The settlement or accumulation of material out of the water column and onto the
stream bank or bed that occurs when the energy of flowing water is unable to support the load
of suspended sediment.
Depositional bar – Bed sediment, generally sand and gravel, that is deposited as part of the
normal process of fluvial sorting of sediment.
Drafting period – The time period when water stored in a reservoir is released. Reservoir
drafting is typically undertaken to increase reservoir capacity prior to spring runoff, to increase
downstream flows for recreation, or augment downstream river flows for fisheries
requirements.
Ecology – The study of interactions between living organisms and between organisms and
their environment.
Ecological processes – The dynamic attributes of ecosystems, including interactions
among organisms and interactions between organisms and their environment (see also
Process).
Ecological restoration – The process of assisting the recovery of an ecosystem that has been
degraded, damaged or destroyed.
Ecosystem – The complex of living organisms and the abiotic environment with which they
interact at a specified location.
Entrenchment – The relationship of the river to its valley and landform features defined as the
vertical containment of a river and the degree to which it is incised in the valley floor.
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Ephemeral – Anything that is short‐lived, lasting for short period of time or transitory.
Ephemeral flow ‐‐ Stream flows in channels that are short‐lived or transitory and occur from
precipitation, snow melt, or short‐term water releases.
Extinction ‐‐ The death of the last surviving individual of a species, group, or gene either
globally or locally.
Fauna – All of the animal life of any particular region or time.
Fine sediment – Some mixture of silt, sand, and fine gravel that is sorted from coarser fractions
during certain phases of sediment transport that tend to have high transport velocities and can
be flushed rapidly from streams.
Forb – A flowering herbaceous plant that is not grass or grass‐like.
Flora – All plant life occurring in an area or time period, especially the naturally occurring or
indigenous plant life.
Flow area – A channel’s cross‐sectional area required for conveying flow.
Flow ramping – An increase in river discharge typically related to upstream reservoir drafting.
Flow regime – The pattern of stream flow with respect to velocity, depth, and specific energy
as well as time of year and average values over time (yearly or seasonally).
Fluvial – From the Latin word, fluvius, for river, refers to or pertains to streams; included are
stream processes (fluvial processes), fluvial landforms, such as fluvial islands and bars, and
biota living in and near stream channels; common usage is often extended by
geomorphologists to include hydrologic processes on hillslopes.
Focal species – Species that serve an umbrella function in terms of encompassing habitats
needed for many other species, play a key role in maintaining community structure or
processes, are sensitive to changes likely to occur in the area, or otherwise serve as an
indicator of ecological sustainability.
Freshet – Minor flooding or overflowing of a stream caused by heavy rains or snowmelt.
Functional extinction – A condition where a population is no longer viable because there are
no individuals able to reproduce, or the small population of breeding individuals will not be
able to sustain itself due to inbreeding depression and genetic drift, which leads to a loss of
fitness.
Gas supersaturation – The overabundance of dissolved gases in water which may be harmful or
fatal to fish and other aquatic and marine organisms.
Genetic conservation – The application of genetic studies to preserve species.
Genetic introgression – The movement of a gene from one species into the gene pool of
another by backcrossing an interspecific hybrid with one of its parents.
Geomorphology – The study of landforms including investigations into the processes that
cause and alter the landforms.
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Geomorphic processes – The primary mechanisms for forming the drainage patterns, channel,
floodplain, terraces, and other watershed and stream corridor features such as erosion,
sediment transport or sediment deposition.
Glacio‐lacustrine valley type – Valleys formed by glacially‐derived sediments that deposited
into lakes.
Glide – A shallow stream reach with a maximum depth that is 5% or less of the average width
and without surface turbulence. The glide habitat unit typically succeeds a pool and precedes a
riffle habitat unit.
Gill net – A flat fishnet suspended vertically in the water to entangle fish by their gills.
Goal – A desirable and ideal condition.
Grade control – Structures installed to maintain a desired streambed elevation.
Gradient – The elevation change per unit of horizontal distance; also referred to as slope. As
applied to stream channels, is the rate of elevation change between two specified sites of
horizontal distance measured along the thalweg of the channel; it is generally expressed as a
non‐dimensional number (m m‐1).
Growing season – The frost‐free portion of the year.
Habitat actions – A set of restoration treatments that addresses the limiting factors within a
specified area.
Habitat fragmentation – The transformation of a continuous habitat into habitat patches that
vary in size and configuration. Fragmentation can be natural or anthropocentric.
Habitat Types – The land area that supports, or has the potential of supporting, the same
primary climax vegetation.
Herbaceous – Plants that do not have wood and above ground parts generally do not persist
outside of the growing season.
Hydraulics – The analysis of bulk flow patterns of water surface shape, velocity, shear stress,
and discharge through a stream reach.
Hydraulic capacity – A measure of the volume and flow of water within a watercourse.
Hydraulic complexity – The diverse motion and action of water, or the confluence of multiple
flow paths.
Hydraulic radius – A ratio of the wetted cross‐sectional area to the wetted perimeter of a
stream or closed conduit.
Hydric soil – A soil that formed under conditions of saturation, flooding, or ponding long
enough during the growing season to develop anaerobic conditions in the upper part.
Hydroecology – The examination of the effect of physical, chemical and biological factors on
the structure and function of aquatic communities.
Hydrograph – A graph of water discharge or depth against time which can refer to the pattern
of streamflow which occurs over a season or year. The section of the hydrograph where the

Kootenai Tribe of Idaho
Kootenai River Habitat Restoration Project Master Plan – July 2009

xxxiii

flow is increasing is called the rising limb and the section where the hydrograph is decreasing is
the falling limb.
Hydroperiod – The duration that a soil or substrate is inundated or saturated over the course
of a year.
Hydrophytic vegetation – A plant that is adapted to growing in water or a substrate that is at
least periodically saturated and deficient in oxygen during the growing season.
Interpolate – To estimate or calculate a value or values between tw0 or more existing data
points.
Introduced species – A species that was intentionally or accidently brought into an area
outside of its native geographical range (see also Non‐native species).
Invasive species – An introduced species that spreads rapidly or becomes a nuisance causing
harm to native species.
Lacustrine ‐ Relating to lakes or standing bodies of water.
Large woody debris – Logs, stumps, or root wads occurring or placed in the stream channel, its
banks, or the floodplain.
Lateral migration – The movement of a channel across its floodplain by the process of bank
erosion. The outside banks of meanders move laterally across the valley floor and down the
valley. New floodplain is built at the inside of the meanders.
Lentic – Refers to or relates to still or sluggish water such as lakes, ponds, and swamps; lentic
species are organisms that live in still or sluggish water.
Longitudinal profile – A depiction of the gradient of a stream along its length typically
illustrating changes in landform, water surface, and channel bed elevations with changes in
channel habitat units.
Lotic – Refers to or relates to moving water, especially streamflow; lotic species are organisms
that live in moving water.
Macroinvertebrate – An organism that is large (macro) enough to be seen with the naked eye
and lacks a backbone (invertebrate).
Macrophyte – An aquatic plant that grows in or near water and is emergent, submergent, or
floating.
Mean annual peak flow – The arithmetic mean of peak flows for a given year (see also Peak
flow).
Meander scrolls – Evidence of historical meander patterns in the form of lines visible on the
inside of meander bends (particularly on aerial photographs) which resemble a spiral or
convoluted form in ornamental design. These lines are concentric and regular forms in high
sinuosity channels and are largely absent in poorly developed braided channels.
Mesic – Ecosystems or habitats characterized by intermediate moisture conditions, i.e., neither
wet nor dry.
Microtopography – Topographic variability on a small scale, such as surface depressions.
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Migration (channel) – The movement of a river channel across its floodplain.
Mitigation – An approach or strategy used by government agencies to require that
unavoidable environmental damage be compensated by ecological restoration or another
activity (e.g., rehabilitation, reclamation, enhancement).
Morphology – Pertaining to rivers: physical attributes of a water body and the methods for
measuring those attributes.
Native species ‐ Species that are normally found as part of a particular ecosystem; a species
that was present in a defined area prior to European settlement.
Non‐native species – A species that was intentionally or accidently brought into an area outside
of its native geographical range (see also Introduced species).
Noxious weed – A legal designation applied at a national, state, or local level to plant species
that are injurious or problematic to humans, crops, or livestock. The designation generally
requires that the plant species be controlled.
Objective – A specific, short‐term, and direct result that is desired from project work and will
contribute eventually to the achievement of project goals.
Outer bank – The outside streambank on a stream meander or bend in the river pattern.
Outwash – Soil particles or sediment that move over an upland surface with overland flow to a
surface depression such as a rill or gully where they are re‐deposited on areas of lesser slope.
More commonly, outwash is used as a geomorphic term referring to rock debris that is
removed from a glacier by meltwater and is re‐deposited in the stream channel as glaciofluvial
sediment.
Overstocking – An accumulation of units that is denser than the average condition.
Palustrine – A wetland system defined by Cowardin et al. (1979) with fresh water and
dominated by trees, shrubs, persistent emergents, emergent mosses, or lichens.
Passive restoration – A strategy that relies on the river and its associated ecological processes
to re‐establish desired function after stopping activities that caused degradation or prevent
recovery.
Peak flow (peak runoff) – The maximum instantaneous discharge, or flow, of a given
hydrograph.
Perennial – Occurring for or lasting for several years. Perennial streams flow continuously
during both wet and dry times.
Periphyton – Microflora, such as algae or cyanobacteria, growing on the channel bottom, or on
other submerged substrates, including higher plants.
Phytoplankton – Tiny, photosynthetic organisms living in water that are a major part of the
aquatic food web.
Point source discharge – Water or other fluid, that may be a pollutant, emitted from a specific,
discernable location.
Planform – The shape of a stream or an object as viewed from above.
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Plane‐bed – Channel units including glide, riffle, and rapid morphologies that lack discrete bars,
a condition that is associated with low width to depth ratios and large values of relative
roughness.
Pole – A tree with an average diameter at breast height between 4 and 10 inches (i.e., pole
cottonwood).
Pool – A region of deeper, slower‐moving water with fine bed materials.
Pool tailout – The downstream extent of a pool or glide habitat unit and the transition to a
riffle habitat unit.
Primary productivity – The amount of biomass produced through photosynthesis per unit area
and time by plants, the primary producers.
Process – The dynamic aspect of an ecosystem or landscape, sometimes considered
synonymous with function, including interactions such as transpiration, competition,
parasitism, animal‐mediated pollination and seed dispersal, mycorrhizal relationships, and
other symbiotic relationships (see also Ecological processes).
Recharge – An area through which water is added to an aquifer.
Recruitment – The number of fish from a year class reaching a certain age. For example, all fish
reaching their second year would be age 2 recruits.
Recruitment failure – Failure of fish from one year class reaching an older year class. For
example, the failure of larval fish maturing to juvenile fish.
Redd – Depression, usually a pit or a trough in the stream gravel, dug in preparation for, or
during, spawning. Eggs are laid, fertilized, covered with gravel and hidden in the redd where
they are oxygenated by the current.
Regulated river – Regulated river systems are flow‐controlled by dams or other flow‐altering
infrastructure.
Restored ecosystem ‐‐ An area containing sufficient biotic (living organisms) and abiotic (non‐
living factors) resources to continue its development without further assistance; that will
sustain itself structurally and functionally, demonstrate resilience to normal ranges of
disturbance and interact with contiguous ecosystems in terms of biotic and abiotic flows and
cultural interactions.
Revetment – Materials (such as rock, riprap, or matting) or a structure placed to restrain
underlying material from being transported away.
Riffle – A short, relatively shallow and coarse‐bedded length over which the stream flows at
ordinarily higher velocity and greater turbulence than it does through upstream and
downstream pooled reaches where cross‐sectional areas of the channel are greater, bed
material is smaller, and velocities and turbulence are less.
Riparian – Biotic communities on the shores of streams and lakes.
Riparian buffer – Vegetated corridor next to a stream or river that functions to protect water
quality, and provide wildlife and aquatic habitat. Usually refers to woody vegetation.
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Riparian corridor – A strip of land of variable width along a river that is influenced by the river
processes and associated flood events.
River channel morphology – The field of science dealing with changes of river planform.
Riverine system – A wetland system generally described as habitats contained within a
channel.
River training structures – Engineering river‐works built in order to direct the flow, or to lead it
into a prescribed channel, or to increase the water depth for navigation and other uses.
Roughness – An object or structure that obstructs streamflow in a channel and influences
hydraulics and the pattern of bed load transport and deposition in a stream reach.
Run – A channel unit defined by swiftly flowing water, little to moderate surface agitation,
waves, or turbulence, no major flow obstructions, approximately uniform flow, substrates of
variable particle size, and water surface slope steeper than the overall stream gradient.
Scour – The movement of bed materials during a flood.
Secondary productivity – The rate of biomass production by heterotrophs (animals,
microorganisms), which feed on plant products or other heterotrophs.
Sediment competency (sediment transport capacity) – The maximum sediment quantity per
unit time which can be transported by a specified flow in a channel (see also Competency).
Sediment loading – The delivery of sediment to a stream section from upstream sources,
lateral streambank sources, or from the channel bed.
Self‐sustaining natural production – A population’s ability to regenerate without outside input
or influence.
Shear stress – The portion of stress acting tangentially as a tearing action (as opposed to that
portion that acts as a normal stress) to a plane or surface; thus, a sediment particle on a
channel bed is affected by the shear stress created by water moving on the bed.
Spawning – Fish reproduction process characterized by females and males depositing eggs and
sperm into the water simultaneously or in succession to fertilize the eggs.
Succession (vegetation succession) – The sequence of stages that occur in species composition
and in species abundance, community structure, and the complexity of interspecific
interactions as an ecosystem develops or recovers from disturbance.
Taxa – (taxon, plural taxa, noun) A taxonomic unit such as a population or a group of
populations that are usually inferred to be phylogenetically related and have characters in
common which differentiate the unit from other such units.
Terraced/alluvial valley type – A valley that is most readily identified by the presence of
multiple river terraces positioned laterally along broad valleys with gentle, down‐valley
elevation relief. Alluvial terraces and floodplains are the predominant depositional landforms
which produce a high sediment supply.
Terrestrial – Relating to living, being or growing on land.
Thalweg – The path of a stream that follows the deepest part of the channel (Armantrout
1998).
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Thermal regimes – The thermal distribution and heat flows in water, air, or ground.
Trophic – Relating to the food web and the relationships between the feeding habits of
organisms in the food web.
Upland – Any area that is not a wetland because the associated hydrologic regime is not
sufficiently wet to support the development of vegetation, soils, and/or hydrologic
characteristics associated with wetlands. In floodplains, these areas are more appropriately
termed non‐wetlands or riparian.
Water year – The 12‐month period from October through September, designated by the
calendar year in which it ends and which includes 9 of the 12 months.
Wetland – A general wetland definition (USFWS definition) and a regulatory definition (Clean
Water Act) are included below.
USFWS definition: Lands transitional between terrestrial and aquatic systems where the water
table is usually at or near the surface or the land is covered by shallow water. Wetlands must
have one or more of the following three attributes: 1) at least periodically, the land supports
predominantly hydrophytes; 2) the substrate is predominantly undrained hydric soil; and 3) the
substrate is nonsoil and and is saturated with water or covered by shallow water at some time
during the growing season each year.
Clean Water Act definition: A subset of “Waters of the United States” (33 CFR 328.3) and those
areas that are inundated or saturated by surface or ground water at a frequency and duration
sufficient to support, and that under normal circumstances do support, a prevelance of
vegetation typically adapted for life in saturated soil conditions. Wetlands generally include
swamps, marshes, bogs, and similar areas (40 CFR 230.3).
Wetland creation – The conversion of a persistent non‐wetland area into a wetland through
some human activity.
Wetland enhancement – The increase in one or more values of all or a portion of an existing
wetland by human activities.
Width to depth ratio – A measure of channel shape and stream type classification, calculated
by dividing the channel width by its mean depth. The width to depth ratio describes the
distribution of available energy within a channel, and the ability of various discharges occurring
within the channel to move sediment.
Wild population – A population of organisms that has maintained natural reproduction with
little or no supplementation from human activities (e.g., fish hatchery production).
Xeric – Refers to an environment (habitat) that is characterized by deficient moisture.
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vi. Abbreviations and Acronyms
ADCP

Acoustic Doppler Current Profiling

BANCS

Bank Assessment for Non‐point source Consequences of Sediment

BCMoE

British Columbia Ministry of Environment

BEHI

Bank Erosion Hazard Index

BiOP

Biological Opinion (part of ESA)

BPA

Bonneville Power Administration

CFS

Cubic Feet per Second

EA

Environmental Assessment (part of NEPA)

ESA

Endangered Species Act

FC

Flood Control

IAA

Inverted Annual Hydrograph Analysis

IDFG

Idaho Department of Fish and Game

IKERT

International Kootenai/y Ecosystem Restoration Team

ISAB

Independent Scientific Advisory Board

ISRP

Independent Scientific Review Panel

KRWS

Kootenai River White Sturgeon

KTOI

Kootenai Tribe of Idaho

KVRI

Kootenai Valley Resource Initiative

MD‐SWMS

USGS Multidimensional Surface‐Water Modeling System

MEP

Modified Einstein Procedure

MFWP

Montana Fish Wildlife & Parks

NBP

Near‐Bank Stress ratings

NEPA

National Environmental Policy Act

NPCC

Northwest Power and Conservation Council

NWI

National Wetland Inventory

SARA

Species at Risk Act (Canada)

USACE

U.S. Army Corps of Engineers

USFWS

U.S. Fish and Wildlife Service

USGS

U.S. Geological Survey

VARQ

Variable Discharge flood control plan
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