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Introduction
Although we have applied and continue to apply State and Federal Laws to eliminate or
minimize development and human-use impacts to aquatic systems, these systems
continue to be altered. Restoration projects are conducted to compensate or mitigate for
direct and indirect impacts. However, little work has been directed toward determining
the effectiveness of restoration efforts. The underlying tenet of the evaluation procedure
and goal of restoration projects is
to restore natural ecological
Restoration. “the return of an ecosystem to a
structure and function. To meet close approximation of its condition prior to
this restoration goal, project disturbance. In restoration, ecological damage
objectives are to replace or modify to the resource is repaired. Both the structure
individual physical, chemical, or and functions of the ecosystem are recreated”
biological characteristics of the (National Research Council 1992 p.18)
system and the interactions among
these characteristics, or both. The measurement of these characteristics and comparison
to the undisturbed reference condition are used to determine how close the projects come
to meeting the restoration goal. Comparisons between pre-project assessments at
impacted and reference locations, identify differences in characteristics and processes.
These differences become the project objectives that must be addressed during project
design and become the post-project parameters measured. Assessment includes the
evaluation of constructed features, biological structure and function, and physical
structure and processes. The methods used to measure these parameters are tiered to
allow for increasing levels of analyses. Thus, assessment begins with simple qualitative
measures of structure, and progresses to detailed quantitative measures of function and
processes. This approach provides flexibility so evaluations can be tailored to fit the
experience, capabilities, budget, time, and needs of the investigators.
The monitoring protocol describes a method whereby initial site investigations are
compared against the natural condition derived from reference sites or historic data
identifies restoration objectives. These objectives are used to design a restoration project
to alter stream or wetland parameters to meet project objectives. As-built surveys or
immediate post project measurements provide a description of the initial state against
which future measurements are compared. In addition, documentation of biotic and
abiotic construction features allows for evaluation of the structural integrity and survival
and propagation of introduced features. The separation of each measurement parameter
into three different levels of analysis provides a methodology that everyone can use
regardless of funding or experience. Because Level 1 analyses are conducted for all
evaluations the results of a Level 1 study at one site can be compared with the data
collected during a Level 3 study at another. The final product is a comprehensive look at
the physical, biological, and chemical characteristics at a restoration site prior to and
following the implementation of a restoration project, which can be compared with data,
collected from reference sites or obtained from historic information.
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Figure 1. Diagram showing relationship between restoration design and monitoring.

Why evaluate restoration projects
Unfortunately, at this time we do not fully understand the many interacting physical and
biological processes that occur within aquatic ecosystems. We also are unable to fully
and accurately predict the result of our efforts to restore these processes once they have
been altered. When we do, project evaluation and monitoring will no longer be
necessary, for post-project monitoring provides us with the information we must have to
further our ability to effectively restore damaged aquatic systems. Project evaluation
ensures that project planners evaluate systems prior to designing projects and clearly
define objectives. In addition, immediate post-project as-built surveys, as part of the postproject monitoring, will determine whether projects were constructed as designed. All of
these benefits from project evaluation will promote the efficient expenditure of funds.
Although numerous aquatic restoration projects are conducted annually throughout the
world, project success (based upon the limited evaluation data) is limited or unknown
(Roni et al. 2002). For example, surveys conducted by Frissell and Nawa (1992) found

2

Inventory and Assessment of Restoration Projects
September 2005

that 60% of projects within western Oregon and Washington either were damaged or
ineffective. Although presumably much has been learned since that time, the lack of any
published evaluation results makes it difficult to determine what problems were
encountered in the past and how those problems were addressed. Evaluation of the
success of projects is difficult without monitoring and record keeping (Carothers et al.
1990). Only through systematically evaluating restoration successes and failures can
advances be made. Documenting the evaluation methods and results will allow others to
determine whether the lessons learned apply to their specific situations and help to avoid
repeating mistakes at numerous locations (Everest et al. 1991). Documentation of
evaluation methods will also provide a monitoring template that can be adjusted over
time through comments based on others experiences gained through its application
(Figure 1).

Goals and Objectives
The goal of every restoration project should be to meet the definition of “restoration,” to
restore an ecosystem to its natural pre-disturbance structure and function (USEPA 1995).
Roni et al. (2002) state that the objective of restoration projects is to reflect the “range of
conditions that existed naturally in a watershed and presumably supported diverse biotic
communities.” A common goal of restoration is a return to the natural state (Jensen and
Platts 1990). To meet this goal, each project must have definite objectives that will
convert the site from its present condition to its natural condition or as close of an
approximation as possible (Erwin 1990). To do this the evaluation must define both the
current, and the natural ecological structural and functional states. Documenting the
existing state can be used to evaluate the potential for restoration and can serve as a
baseline for evaluation restoration (Jensen and Platts 1990). Defining the present
condition is accomplished through pre-project evaluation. Describing the natural
ecological structure and function is best accomplished through the evaluation of reference
locations where possible or through the use of historic data (Kondolf and Curry 1986,
Kondolf and Micheli 1995). Determining natural channel conditions is essential in
determining underlying causes for degradation (Kondolf 1995). Comparisons between
the current condition and the natural condition should highlight differences in ecological
characteristics, which should be used to formulate project objectives.
The objectives of restoration projects are determined through pre-project evaluations and
define certain ecosystem parameters at impacted sites that differ from the natural state. A
comparison of the physical, chemical, and biological parameters at reference and
impacted sites will specify whether parameters are within the range of natural variability,
and if not, to what degree they differ. These differences can then be used to define
objectives. Clearly defined objectives lead to evaluation criteria (Kondolf and Micheli
1995). For example, cross-sectional surveys may show that bank sloughing at the
impacted location has resulted in an increase in the ratio of stream width to depth and the
loss of fish habitat provided by undercut banks. Project objectives may then be to reduce
stream widths and create under cut banks or some other near-shore cover feature. The
restoration project will then be designed and implemented to address these objectives and
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post-project monitoring will evaluate whether these parameters have changed following
project implementation.

Implementation and Restoring Ecological Structure and
Function
While pre-project evaluations provide information on the altered state of the system and
the design reflects project features that will be implemented to initiate restoration, it is the
final constructed project that defines the primary state of the site. For example, project
design may call for specific channel geometry and post-project elevation. However,
construction may not exactly coincide with the design and post-project monitoring one
year later will not be able to determine whether differences between design and measured
cross-sectional data are due to construction or alluvial processes. Therefore, a postproject as-built survey should be part of the restoration evaluation protocol (Kondolf and
Downs 2001).
Restoration projects generally involve the construction or placement of features to
perform some type of function thereby altering ecosystem characteristic. Restoration
evaluation, therefore, requires the evaluation of the construction as well as evaluation of
the characteristic to be affected. This is necessary to determine whether project failure
(or success) was the result of faulty design or implementation. Similarly, we must be
assured that project successes are truly the result of design. Therefore, restoration
evaluation is divided into two categories: implementation and ecological structure and
function.
Implementation is the actual “hands on” work or construction done at the restoration
location. Project construction features are often the cause of project failure (Frissell and
Nawa 1992). Project implementation can be further subdivided in abiotic and biotic
components. The abiotic components are structures such as rock, walkways, fencing, and
other stabilization structures. Root wads and coir logs would be considered abiotic when
used as stabilization feature. Biotic components generally consist of reintroduced plants
or animals. Evaluation of abiotic components is accomplished through documentation of
the materials and construction methods and then determining their resistance to change
over time. For biotic components, evaluation includes collection and storage, site pretreatment, placement timing, post-project treatment, and subsequent survival and
propagation. These steps will be discussed in more detail below.
The evaluation of ecological structure and function is the determination of the ecological
state or the position of the system on the continuum from its initial to natural states. That
is, a determination as to whether the characteristics that differed between the reference
and altered location has changed since implementation of the restoration project. The
evaluation of ecological structure and function is accomplished through the post-project
measurement of structural and functional characteristics, which were the basis for project
objectives. For example, based upon pre-project evaluation objectives may include
restoring the riparian plant community (structure), undercut bank habitat (structure),
invertebrate community composition (structure), stream bank to stream sediment transfer
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rates (function), riparian nutrient uptake rates (function), and riparian organic matter
input (function).
Quantifying these characteristics prior to, and post projectimplementation will provide the information required to evaluate project success.
Obviously some of the characteristics listed in the previous example require much more
effort to quantify than others. Therefore, our evaluation procedures are organized in a
hierarchical fashion so that the evaluation detail for each characteristic is flexible while
providing consistent baseline data.

Monitoring Plan: the Hierarchical Approach
In order to be widely used any proposed monitoring plan must be able to conform to
different levels of experience, funding, and expenditure of time. The monitoring plan
must be equally useful to those with little experience in qualitative methods as well as
professionals. The monitoring plan also must be equally useful to those with little time
and money and those for whom monitoring is a priority. The monitoring plan we propose
accomplishes this through a nested series of measurements for each parameter beginning
with simple qualitative measures and progressing toward more complex quantitative
measures (Davis et al. 2001). The basic measures are taken at all sites to ensure
comparability among projects. More detailed analyses of parameters includes both the
basic and more complex measures.
The hierarchical monitoring approach allows those with little experience, time, or money
to conduct a Level 1 analysis of the selected parameters, which will be composed of
simple qualitative measures. However, for those with more experience, funding, and
time Level 2 or 3 analyses can be conducted for all or some of the selected parameters.
However, Level 1 analysis is conducted at all sites.
The application of the proposed monitoring method requires accomplishing an organized
process as outlined in Figure 2. Pre-Project evaluation at reference and impacted or
proposed restoration sites provides the information to determine project objectives. The
selection of project objectives helps formulate the project design and construction. Postproject evaluation includes both project implementation and ecological evaluation.

Implementation
Monitoring project implementation is an evaluation of the structures associated with the
project. These include both abiotic (non-living) structures that may include walkways,
stairs, fences, mesh fabric, coir logs, and rootwads; and biotic (living) components such
as introducer riparian or wetland plants. Therefore, monitoring of project implementation
is largely a documentation of the location and condition, or survival (for living
structures), over time following project construction.
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Figure 2. Flow diagram of evaluation process.

Abiotic Structures
The primary purpose in evaluating non-biological structures is to determine whether the
construction materials and methods were appropriate for the given site, and to determine
the stability and longevity of project features. That is, to answer questions such as, how
deep should coir logs be buried or where root boles should be placed relative to ordinary
high water? The stability or longevity of project features is a function of the material
used, and its application or construction; therefore, this type of information must be
recorded during project construction. The amount of information recorded will depend
on the level of analyses. For larger projects most of this information can be obtained
from project design and bid documents and post-project as-built surveys. For smaller
projects this information will need to be recorded by the investigator.

Biotic Structures
The evaluation of biological implementation is a determination of the survival and
propagation of introduced species. For most projects this is the seeding or planting of
riparian or wetland areas. Post-project evaluations must determine the survival of planted
or transplanted species, and the factors affecting percent survival. Species survival is a
function of many different things including the species selected; collection and storage
methods; planting location and timing, site characteristics; and subsequent care. Survival
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also is related to the physical characteristics of the site and so can be interpreted relative
other monitoring information. However, detailed records of the collection and treatment
of reintroduced plants (and animals) ultimately will allow identification of the causes of
failures and successes.

Restoring Ecological Structure and Function
The selection of project objectives leads to the evaluation of specific biological, physical,
or chemical stream or wetland characteristics that will be addressed in project design and
subsequent monitoring. The parameters measured are derived from project objectives
(Jensen and Platts 1990). Once the characteristics are selected the level of analysis is
determined. Within each analysis level we have organized measurement parameters
under physical, biological, and chemical characteristics (Table 1). Measurement of the
parameters under these three characteristics for the evaluation of restoration projects is
supported in the literature (e.g. Federal Interagency Stream Restoration Working Group
1998), although different investigators believe one characteristic should receive more
attention than others.

Physical Characteristics
The physical stream characteristics are defined by hydrologic, morphologic, and
substratum parameters. In order to re-establish riparian and wetland ecosystems
successfully, restoration projects must recreate the physical conditions necessary to
maintain natural communities (Kondolf and Larson 1995). Hydrology recognized as an
important characteristic that defines stream and wetland structure and function. Erwin
(1990) states that hydrology is the “single most important factor” to be considered in
designing and implementing restoration projects. Jensen and Platts (1990) also state that
hydrologic variables are expected to be the most important factors affecting restoration.
Level 1 analysis is limited to a qualitative estimate or direct measure of stream depth
during the growing season. For wetlands this may be an estimate of soil moisture (wet,
moist, dry) or a measure of standing water depth. Level 2 increases the level of analyses
to a quantitative measure of stream discharge. The establishment of a stage discharge
relationship has been recommended to get a clearer picture of flow variability (Davis et
al. 2001; Kondolf and Micheli 1995) and is included at this level. Further understanding
of flow variability can be obtained from analyses of gauged data, if available, or
regression relationships with nearby gauged sites. Depth to water table and inundation
frequency and duration is an important variable controlling the distribution of riparian
and wetland plants and can be monitored with wells along transects (Kondolf and Micheli
1995; Carothers et al. 1990). Reduction in water table can lead to the loss of bank
vegetation followed by bank erosion and widening. (Kondolf and Curry 1986). Stream
water velocity profiles are also incorporated at Level 2. The variability in velocities
profiles with flow and as effected by riparian vegetation, wetland recharge and discharge,
and measures of evapotranspiration become part of the monitoring protocol and the
highest level of analysis.
Stream channel morphometry and substratum are the other two physical parameters
measured. Repeated cross-section surveys are a well-tested tool to detect changes in
channel form and should include an assessment of bed material size (Kondolf and
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Micheli 1995). The minimum amount of information obtained at Level 1 includes
measures of stream bankfull width and depth or wetland elevation. Qualitative surveys
are used to estimate bank stability. The habitat assessment methods of the Alaska Stream
Condition Index (Major and Barbour 2001) works well for assessment of physical habitat
at this level of analysis. At level 2 the stream cross-section is measured at multiple
locations, stream slope and undercut banks are measured, and substratum size distribution
is quantified and substrate stability estimated. Topographical surveys along transects
document wetland surface elevations. Stream shading has been identified as an important
physical habitat component (Jensen and Platts 1990, Davis et al. 2001) and solar radiation
under the riparian canopy and project features (walkways) is measured at this level.
Processes such as direct measures of bank erosion rates, point bar formation, sediment
deposition and bedload movement, and wetland soil development are quantified at Level
3.

Biotic Characteristics
Biotic characteristics include parameters that define the plant and animal populations and
communities within riparian and wetland systems. Initial qualitative evaluation of
riparian and wetland vegetation cover is accomplished at Level 1. Fixed-point
photography has been identified as a good tool for evaluating vegetation cover, and other
parameters, (Erwin 1990, Kondolf and Micheli 1995) and is used for Level 1 analysis.
Photography points are selected so that the view is not blocked by developing plants
(Kondolf and Micheli 1995). Species presence, abundance, diversity, and density, size,
and vigor are important variables in determining the success of riparian vegetative
restoration (Kondolf and Micheli 1995).
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Table 1. Measurement parameters for the physical, biological and chemical characteristics at each level of analyses.

Level 1: Qualitative Structure
Physical Characteristics:
Hydrology
Morphometry

Substratum
Biotic Characteristics:
Riparian or Wetland Vegetation
Chemical Characteristics
Turbidity
Water Temperature
Level 2: Quantitative Structure
Physical Characteristics
Hydrology

Measurement/Parameter

Method

Mid-Summer Stream Stage or Wetland
Water Surface Elevation
Channel Bankfull Width and Depth or
Wetland Elevation
Channel or Bank Stability
Undercut Banks
Stream Substrate Size or Wetland Soil
Type

Direct Measurement or Observation

Vegetation Cover
Overhanging vegetation

Fixed Point Photography
Fixed Point Photography

Mid and Post Project Observation
Mid-Summer Maximum and Min
Measurement/Parameter

Direct Measure
Direct Measure
Method

Local Stage Discharge Relationship
Annual Flow analysis

Direct measure
Gauge data or Regression with Nearby
Gauged Drainage
Direct measure
Direct measure of vertical and horizontal
water velocity
Direct measure at multiple locations
Direct Measure
Direct Measure
Direct Measure
Wolman Pebble Counts

Wetland Hydroperiod
Water Velocity Profiles
Morphometry

Substratum

Channel Cross-sectional Morphometry
Undercut Banks
Stream slope
Wetland Topography
Stream Substrate Size Distribution
9

Direct Measurement or Observation
(Estimate)
Fixed Point Photography
Limited Measurement or Estimate

Solar Radiation

Biotic Characteristics
Riparian or Wetland Vegetation
Algae
Large Woody Debris
Invertebrates
Fish
Birds
Chemical Characteristics
Temperature
Alkalinity
Hardness
pH
Conductivity
Nutrient Concentrations
Level 3: Ecological Function and
Processes
Physical Characteristics
Hydrology

Channel Morphology

Substrate Stability
Riparian light penetration
Wetland and Riparian Light Penetration
Under Abiotic Structures (Walkways etc)

Empirical estimate
Direct Point or continuous measures
Direct Point or continuous measures
during the growing season.

Community Composition and Cover

Percent Cover of Species within Plots or
Transects
Chlorophyll-a Concentrations
Woody debris count and index.

In stream abundance
Amount and Distribution of Pieces and
Dams
Macroinvertebrate Community
Composition
Fish Population Estimates

Direct Measure and replicate locations

Riparian and Wetland Use

Direct Measure Through Multiple Pass or
Mark Recapture
Species presence and relative use

Continuous water temperature

Data loggers

Nitrogen, Phosphorus
Measurement/Parameter

Laboratory Analysis of Water Samples
Method

Change in water velocity profiles

Direct measure of nearshore velocities at
multiple flows.
Velocity reduction during high flows
Measure of wetland water movement.
Direct Measure
Direct Measure

Riparian velocity reduction
Wetland Discharge and Recharge
Evapotranspiration
Bank Erosion rates
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Substratum

Biotic Characteristics
Riparian or Wetland Vegetation

Algae
Organic Matter
Invertebrates
Fish

Chemical Characteristics
Nutrient Cycling

Nutrient Limitation
Redox Potential

Point Bar formation
Fine Sediment Deposition Rates
Bedload Movement
Riparian and Wetland Soil Layer
Development

Direct Measure
Deposition Trays
Direct Measure
Measure Soil Horizons

Primary Production

Change in biomass/Length of annual
shoots
Herbivore Exclusion Plots
Oxygen release or open system
Litter Bags
Measure litter input vertical and horizontal
Cohort numbers and biomass
Change in biomass over time
Change in number: Fall to Spring
Redd Pumping

Herbivory
Primary Production
Decomposition Rates
Input Rates
Secondary Production
Fish productivity
Winter Survival
Egg survival
Decomposing Salmon
Riparian Uptake
Instream Uptake rates
Growth Response to Additions
Wetland Soil Reduction/Oxidation
Potential
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Count
Nutrient Injections
Nutrient Releases
Nutrient Diffusing Substrates
Direct Measure

At Level 2, plant community composition and percent cover are quantified in quadrats
located along transects through the riparian and/or wetland zones. Extending channel
cross sections up the bank onto the floodplain can provide a basis for vegetation
transects, provided that care is taken not to disturb vegetation (Kondolf and Micheli
1995). Level 2 expands the analyses to include measures of abundance of stream algae
and large woody debris.
The success in achieving the restoration objective of enhancing fish and wildlife is often
difficult to assess directly (Jensen and Platts 1990) and some investigators recommend
limiting evaluations to physical habitats (Kondolf and Micheli 1995). Information on
changes to the biotic community often is the primary objective and the response of biota
to restoration has not been assessed adequately (Roni et al. 2002). Likewise, the success
of restoration projects should not be limited to the evaluation of biotic populations alone.
Level 2 analyses include measures of fish and invertebrate community composition. The
relative use of wetlands and riparian areas by birds and other wildlife is also part of this
level of evaluation. Level 3 incorporates measures of stream and wetland function.
These include measures of riparian or wetland and instream primary production.
Competition with exotics and the effects of herbivory have been identified as factors
influencing restoration success (Carothers et al. 1990; Kondolf and Micheli 1995; Erwin
1990) and will be evaluated at Level 3. Building upon measures of animal community
composition of Level 2, Level 3 looks and the production on invertebrates and fish.
Wherever possible, isolating smolt production in the treatment area of a stream from
untreated areas by strategic placement of smolt traps is desirable (Everest et al. 1991). In
addition to fish production, overwinter and egg survival are suggested parameters.

Chemical Characteristics
Stream water and wetland temperature and chemistry may have a lower priority as
restoration objectives than functional processes involving nutrient or pollution uptake
rates or immobilization, respectively. However, water chemistry may be more important
for larger scale watershed restoration projects (Kondolf and Micheli 1995). Water
temperature is included as a measurement parameter under the chemical characteristics
and direct measures of mid-summer maximum and minimum values is included under
Level 1. Level 2 builds upon the temperature data and adds basic macronutrients,
alkalinity, conductivity, and pH. At Level 3, instream, riparian and/or wetland nutrient
uptake rates are evaluated. Growth limiting nutrients are determined through the
response of plants or algae to additions. The potential chemical state of molecules within
wetlands is determined by measuring the redox potential at various depths.

Monitoring Frequency and Duration
In general, monitoring frequency and duration will vary with the parameter under
investigation. Most investigators believe that monitoring should be more frequent in the
first few years following implementation (Carothers et al. 1990; Kondolf and Downs
2001). For many parameters, long-term monitoring will be necessary. Kondolf and
Downs (2001) state that the longer the period of monitoring the more valuable the data
source is likely to be, and suggest 5 to 10 years for full post-project appraisals. However,
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channel adjustments to changes in hydrology or sediment transport may occur over 40
years or longer (Simon 1989).

Methods
The assessment of streambank restoration projects was limited to those within the
Matanuska-Susitna Borough. Projects contained within this report are shown in Table 2.
Projects include those constructed on both flowing waters and lakes. All projects include
some type of bank reconstruction. Many projects were implemented to reduce erosion
rates and limit property loss. The restoration of stream fords, bridge construction, and
recreational impacts are other reasons for bank restoration.
Table 2. Inventory of Matanuska-Susitna Borough streambank restoration projects.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Location
Chijik Creek
Cottonwood Creek (Trapper Cr.)
Moose Creek (Trapper Cr.)
Montana Creek—Thomas’
Sawyer Creek
Willow Creek—Delcupp
Willow Creek—Lapham
Willow Creek—Parks Highway
Willow Creek—Willow Resort
Willow Creek—Pioneer Lodge
Willow Creek—Mouth
Deshka River—MSB Public Use
Island Lake
Finger Lake
Big Lake-Shermans
Cottonwood Creek (Wasilla)
Wasilla Creek—Parks Highway
Wasilla Creek—ARRC
Swiftwater Creek

Description
Stream Ford Restoration
Stream Ford Restoration
Bank Restoration
Bank Restoration
Steam Ford Restoration
Bank Restoration
Bank Restoration
Bank Restoration
Bank Restoration
Bank Restoration
Bank Restoration
Bank Restoration
School Project
School Project
Bank Restoration
Culvert Removal
Bridge Reconstruction
Bridge Reconstruction
Culvert Removal

Installation Date
2004
2002
1998?
2002
2002
1999
2000
2004
2003
2001
2002 and 2003
2002
2001
2000 and 2001
2000 and 2001
2001
2002
2002
2005

Level 1 and Level 2 data were used for project evaluations. Pre-project and reference
data often were not available. The condition of the site prior to restoration was obtained
from site photographs or personal observations. The condition of the stream banks,
riparian vegetation, and relative modifications to channel geometry were discernable
from photographs. Substrate size distribution was estimated from personal observations
where possible. Water clarity was qualitatively classified as clear or brown-water
(stained). No projects installed on glacial waters were evaluated. Watershed level
information, stream order (Strahler 1967), slope, and sinuosity, were obtained from
USGS 1:63,000 scale maps. Stream reaches were classified after Rosgen (1996).
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Reference riparian vegetation was classified by vegetation community type (Vireck et al.
1992).
Level 2 pre-project, reference, and post project data were obtained for some sites.
Channel morphometry was obtained from cross-sectional surveys at reference and
impacted sites. Cross-sectional surveys were taken at 3 to 6 transects every 20 meters.
For wadable streams, a meter tape was secured from bank to bank and elevations
measured using a laser level and stadia rod every 0.5 to 1 meter, with more frequent
measures at locations of rapid change. For larger streams, bank and stream heights were
measured to maximum wading depth. Bankfull channel characteristics, vegetation lines,
changes in bank substrate, and wetted channel were noted. Within the wetted channel,
water depth was measured at each elevation point. Bank undercut was measured directly
with a meter stick or stadia rod at each transect. Water surface and bed slope were
calculated by plotting water surface and minimum bed height against downstream
distance. Plots of cross-sectional data were used to locate and determine upper and lower
bank slopes.
Substrate size distribution was determined through Wolman pebble counts as modified by
Bevenger and King (1995). The intermediate axis of 100 stones selected randomly at 1 to
2 meter intervals while moving back and forth across the stream through the 100-m
sampling reach. All large woody debris (>10 cm in diameter and 1 m in length) and
debris dams (3 or more connected pieces) were counted and ranked based upon multiple
factors to produce a large woody debris index measure (Davis et al. 2001).
Aquatic invertebrates were collected from twenty representative habitats (substrate, large
wood, undercut banks) in D nets (0.5 mm mesh) (Major et al. 2001). The composite
sample was preserved with alcohol. A minimum of 300 organisms were picked from the
sample and identified to genus, or species, when possible using the keys provided in
Merritt and Cummins (1996). Fish were collected either through multiple-pass
electrofishing or within minnow traps baited with salmon roe and allowed to soak for 24
hours. Collected fish were identified and measured to fork length and released.
Each vegetation zone moving lateral from the stream channel was classified after Vireck
et al. (1992) at each transect. The location and extent of altered sections were identified
along with the causes, where known. Site photographs were taken looking upstream and
downstream from each transect from both banks.
Design plans and objectives were obtained from applications submitted for Fish Habitat
Permits required by the State of Alaska for work within specified salmon streams and to
the U.S. Army Corps of Engineers for Clean Water Act section 404 approvals.
Post-project features were evaluated to determine whether construction followed design.
As-built surveys were not conducted; however, the location of physical structures was
documented by photography. Physical structures were qualitatively evaluated to
determine structural stability and whether they accomplished design objectives. Spot
measures of solar radiation above and below (20 to 30 cm) walkways and decking were
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conducted to determine light penetration. The type of decking and orientation relative to
solar angles was noted.
Post project evaluation of willow brush layers was evaluated by counting total number of
willow stems and the number of willow stems that were living per linear meter. Counts
were conducted for each layer and at each transect. The survival of transplanted
vegetation mats were evaluated qualitatively.
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Results
Chijik Creek—Oilwell Road
Project Location
The project is located at the Oilwell Road crossing of Chijik Creek. The site is at 62.08
N., by 150.58 W., in Township 28 N, Range 04 W., on the section line between sections
16 and 17. Access is from the George Parks Highway. At Trapper Creek (mile 115) turn
west on Petersville Road. At approximately mile 6.5, take Oilwell Road to the south.
Continue on Oilwell Road for approximately 12 miles.
Site Description and Reference
Condition
Chijik Creek is a tributary to Kroto
Creek, which flows into the Susitna
River and drains into Cook Inlet.
Total stream length as shown on the
U.S.G.S map (1:63,000 scale) was
estimated at 44.3 km. This is likely an
underestimate.
The change in
elevation from headwaters to Kroto
Creek from the U.S.G.S. map is
approximately 168 m resulting in an
overall slope of 0.0038. The creek
flows through wetlands, mixed birch
and spruce forests and pockets of black Figure 3. July 2002 photograph of the Chijik
spruce forest. The channel is classified Creek stream ford.
as an E3b channel type over most of its
length. The stream is a 1st order brownwater stream with gravel and cobble
substrate. The stream banks are stable
and undercut.
Pre-Project Evaluation
The stream ford at Chijik Creek was
evaluated by the Alaska Department of
Fish and Game (Davis and Ryland
2002). This study identified and ranked
approximately 200 stream fords on
tributaries to the Susitna River, north of
Little Willow Creek. Stream crossing
locations were ranked on a scale of 1 to
5 based upon the degree of channel
modification and the potential for
sediment input through bank erosion.

Figure 4. Chijik Creek stream ford on June 2002
showing bank modification and exposed mineral
soil.
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The Chijik Creek ford was ranked 4, the second to the largest degree of impact. The
ranking was based upon the removal of bank vegetation, the exposure of mineral soil on
both banks, evidence of erosion, and a relative increase in channel width (Figure 3).
Prior to restoration, the site was qualitatively evaluated for changes in stream channel
parameters. The riparian vegetation along the Oilwell Road right-of-way had been
modified from the mixed spruce-birch
forest to the mesic grass. The stream
banks were broken down at the ford site
and there was an increase in stream
width. However, stream depth also
increased, so there was no apparent
decrease in ratio of width to depth
(Figure 4). Silt dominated the stream
substrate near the channel margins with
large gravel and cobble within midchannel. Large woody debris was absent
from the stream channel in the vicinity
Figure 5. Chijik Creek stream ford
of the stream ford.
immediately following restoration in October,
2004.

Restoration Design
The causes of bank erosion, sedimentation, and channel modification are the result of offroad-vehicles (ORV) fording the stream. Stream fording was reduced by the construction
of a bridge in the Winter of 2002; however, many people continued to use the ford.
Fencing was used to further limit ORV access to the site (Figure 5). The middle portion
of the fence was designed to be removed during the winter to allow for winter stream
crossings with trail groomers.
The streambank restoration plan for Chijik Creek was designed to reconstruct the bank to
provide stable vegetated under cut banks and to reduce or eliminate sediment input
through erosion. The stream banks were designed to be reestablished by constructing a
log cribbing overlaid with coir fabric and fill to near ground level with mats of vegetation
on top (Figure 6).
Project Construction
The project was constructed in October of 2004 by ARRI staff and volunteers.
Volunteers were local High-School students. The north (left) bank was constructed as
designed. However, equipment (Bobcat) was not able to access the south bank without
causing further bank damage. Therefore, spruce trees tops were secured within and along
the face of the stream ford on the south (right) bank. Fencing was constructed on the
north bank only.
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Figure 6. Streambank restoration design for Chijik Creek ORV
ford.

Post-Project Evaluation
The project was qualitatively evaluated on June 8, 2005. Portions of the fencing used to
block the stream ford had been removed during the winter to allow for stream crossing
over snow and ice. The fence, along with the bridge and cribbing, appeared to be
effectively eliminating use of the stream ford. The additional abiotic structures: log
supports or cribbing and coir fabric, were still in place and stable (Figure 7). There was
some settling of the vegetation mats and approximately 75% ground coverage with live
vegetation (Figures 8 and 9). There were fresh deposits of fine sediment on the restored
bank from high spring flows. The vegetation community within the restored site was
composed of shrubs and grasses similar to the modified plant community along the trail
clearing. The deposits of silt observed previously along the stream margin were not
present.

Summary
Stream ford restoration on the left
bank was constructed as designed.
Project construction was difficult due
to access at this remote location.
The abiotic structures were stable
and effective at preventing or
discouraging use of the stream ford.
There was some slumping of the
vegetation mat. Soil settling likely
could have been reduced if rock,
which was not available at the site,
rather than local soils were used for

Figure 7. Left bank of Chijik Creek showing log
cribbing and riparian vegetation.
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fill beneath the vegetation mats.
Stream bank vegetation has been
reestablished and if protected from
vehicle traffic, should increase over
time.

Summary
Fencing was needed in addition to the
bridge to stop ORV stream fording.
The project was not constructed as
designed due to equipment access and
the availability of rock fill at the
project locations. Project construction
did not consider the settling of soil fill
resulting in lower bank height at the
restored site.

Figure 8. Vegetation mats at restored ford site
showing plant community and percent ground
cover in June of 2005.

Figure 9. Chijik Creek restored stream ford, June
2005.
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Cottonwood Creek—Oilwell Road (near Trapper Creek)
Project Location
Cottonwood Creek is a tributary to Gate Creek and then Moose Creek, which joins with
Kroto Creek prior to flowing into the Susitna River and ultimately Cook Inlet. Access to
Cottonwood Creek is west from Trapper Creek (Mile 115 of the George Parks Highway)
6 miles on Petersville Road to Oilwell Road and south on Oilwell Road 8.5 miles. The
project is located at the road crossing of Cottonwood Creek (150.48° W by 62.21° N) an
estimated 0.7 miles upstream from Gate Creek.

Site Description and Reference Condition
Cottonwood Creek is a 1st order brown-water stream draining the wetlands on the west
side of the Susitna River. The Creek as been identified by the Alaska Department of Fish
and Game as important for anadromous coho and chinook salmon (Stream No. 247-4110200 (Susitna River)- 2081 (Kroto Creek) –3100 (Moose Creek) –4155 (Gate Creek) –
5014 (Cottonwood Creek)). The upper elevation of Cottonwood Creek is near 700 feet
and flows 8.7 miles to an elevation of 350 feet resulting in an overall slope of 0.007.
Sinuosity is low at 1.1 as estimated from the USGS map (Talkeetna B2 Quad).

Pre-Project Evaluation
The Oilwell Road crossing of Cottonwood
Creek has changed a number of times
throughout the years expanding from fords
to a combination of stream fords and
bridges.
The current bridge was
constructed during the winter of 2001 in
support
of
logging
operations.
Cottonwood Creek bank restoration was
developed in response to local citizens
concerned over continued stream fording
and bank erosion and sedimentation at
exposed banks where fords and bridges
previously were located (Figure 10).

Figure 10. Left bank of Cottonwood Creek
prior to restoration (October 2001).

Restoration Design.
The U.S. Fish and Wildlife Service and the Alaska Department of Fish and Game
designed the bank restoration project. The design called for rood-wad with willow brush
layering on the right bank with vegetation mats extending a minimum of 10 feet, and a 10
to 15 foot deep band of transplanted vegetation mats on the left (Figure 11). A sprucetree revetment was incorporated into the design to help transition the bridge abutment to
the roodwads. The causes of bank vegetation losses (vehicle access) were addressed by
incorporating the placement of boulders and logs into the design to block access.
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Figure 11. Plan view of Cottonwood Creek restoration design.

Project Construction
The project was constructed in June of 2002. The Upper Susitna Soil and Water
Conservation District with the assistance of Joe Conner of the U.S. Fish and Wildlife
Service placed the vegetation mats along
the left bank and blocked access to the
stream ford. Large rocks were placed
along the road on the north bank and large
logs at the ford outlet on the south bank.
The right bank rootwad, brush layering,
and vegetation mats were constructed by
Moore’s Landscaping on June 25, 2002.
The rootwads attempted to tie into the log
bridge abutment that was constructed on
the right stream bank (Figure 12). The left
bank was constructed a couple of weeks
later by the Upper Susitna Soil and Water
Conservation District and the U.S. Fish
and Wildlife Service. The completed
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project with left bank vegetation mats is shown in Figure 13.

Post-Project Evaluation
Qualitative Level 1 post-project evaluations were conducted in July 2003, and September
2004.
Abiotic Structures.
The non-living
structural components of this project
include the rootwads and the rocks and
logs used to block vehicle access to the
old ford. All structures were still in
place in 2004 (Figure 14). Rootwads
appeared stable in 2003 and 2004. There
were no signs of vehicles fording the
stream at this location. There was no
apparent change in erosion near the base
of the right-bank bridge abutment
through 2004.
Figure 13. Left bank vegetation mats after

Biotic Structures. Biotic project features construction in 2002.
included dormant willows in brush
layers and vegetation mats on both
banks. All biotic structures were living
and appeared to be well established in
2003 and 2004 (Figure 15).
Physical Characteristics. There has been
no apparent change in the stream
physical characteristics—channel shape,
substrate size, and hydrology—since
project construction.
The stream
thalweg is still along the right bank.
There may be some fine substrate
deposition in the bank cut left by the old
Figure 14. Logs and rocks used to block ATV
ford.
traffic in 2004.

Biotic Characteristics. Closed tall alder
willow scrub or mixed birch and spruce
forest would be expected within the
riparian zone of this stream.
The vegetation community type on the
right bank is a narrow band (1 to 2 m) of
open willow scrub followed by mesic
bluejoint meadow (1 to 9 m) in
September of 2004. The previously
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Figure 15. Left bank vegetation mats in 2004.

exposed soil beyond the vegetation mats has naturally revegetated, primarily with
bluejoint grass and fireweed. The left bank within the transplanted vegetation mats is a
plant community classified as bluejoint meadow. Natural revegetation is occurring
beyond the transplanted zone.

Summary
The rootwads at this site are not adequately embedded in the stream bottom. There is a
weak point where the rootwads meet the bridge abutment. There was some difficulty in
installing the spruce-tree revetment either due to large boulder or ice below ground.
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Moose Creek—Oilwell Road
Project Location
The project is located on the downstream
left bank of Moose Creek at the Oilwell
Road Bridge crossing. The bridge is
located at mile 6 of Oilwell Road, which is
accessed from the Petersville Road (mile
6.5) that leaves the George Parks Highway
from Trapper Creek (Figure 16). The site
is within Section 30 of Township 25
North, Range 6 West of the Seward
Meridian,
USGS
Talkeetna
(A-1)
Quadrant.
Latitude is 62.229°N and
longitude,150.444°W.
Figure 16. Moose Creek bridge and bank
restoration during high water on May 16,
2002.

Site Description

Moose Creek is a third order stream at this
location. The stream drains extensive
wetlands and is a brown-water stream. Stream slope estimated from USGS map is 0.002.
Moose Creek has been specified by the State as important for salmon (Anadromous
Stream No. 247-41-10200-2081-3100) and is an important chinook salmon spawning and
rearing stream. Moose Creek flows into Kroto Creek which flows into the Susitna River.
The riparian vegetation community at this location is composed of a band (1 to 10 m) of
closed tall willow scrub followed by closed birch spruce forest.

Restoration Design
Design plans for the bank restoration are
not available. The project appears to be
designed to reduce bank erosion and
restore riparian vegetation at a
recreational site.

Project Construction
The project was constructed by the
Upper Susitna Soil and Water
Conservation District. The exact date of
project construction is unknown; Figure 17. Moose Creek bank restoration in
however, it was likely completed in the July, 2003.
late 1990’s. Rootwads have been placed
within the bank and willows reintroduced through live stakes (Figure 17).

Post-Project Evaluation
Qualitative evaluation was conducted in July of 2003. The rootwads appear to be in
place and functional. There are no signs of bank erosion. There are some live willows
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growing along the rootwad, which may indicate some survival of original plantings
(Figure17). Human use has limited revegetation; as vehicles still assess the area
immediately behind the foot fans.

Summary
The root fans were placed high up in the bank. The vegetation could have been expanded
beyond the root fans, and fencing or other barriers used to prohibit access.
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Montana Creek-Thomas Property
Project Location
The project is located on the right bank of Montana Creek within section 26 of Township
24 North, Range 4 West, Seward Meridian. The project is accessed from the George
Parks Highway to Helena Avenue to Kalispell Drive. The project is located on private
property at the intersection of Kalispell Drive and Anaconda Avenue.

Site Description and Pre-Project Evaluation
Montana Creek is a 3rd order stream composed of three major tributaries: north, middle,
and south forks and that flows into the Susitna River. The headwaters of the Middle Fork
are at 3,200 feet and the elevation at the confluence is near 350 feet. Stream slope below

Figure 18. Right bank of Montana Creek near Anaconda Avenue showing bank erosion
following vegetation removal.

the confluence of the three tributaries is 0.007. Sinuosity is moderate within this same
segment at 1.2. The riparian vegetation on low banks and point bars is closed tall willow
scrub, and on higher banks (0.5 to 1.0 m) closed mixed forest of spruce, birch and balsam
poplar.
The riparian vegetation had been completely removed by the property owner to allow
river views except for one poplar tree. Following riparian vegetation removal, erosion of
the gravel/cobble banks had accelerated along this outside bend, with approximately 3
meters of lateral migration over the previous year (Figure 18).

Restoration Design
The restoration design plans were for the use of spruce root-wads for bank toe
stabilization, two willow brush layers, and twenty feet of vegetation mats. A fence or
other barrier was required as a State permit condition to prevent trampling of the
revegetated area.
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Project Construction
The rootwads and brush layers were
constructed in May of 2002 by Moore’s
Landscaping (Figure 19). Willows were
collected
immediately
prior
to
construction from the local area and stored
on site under snow.
Spruce tree
revetments were constructed at the
upstream end of the constructed bank.
Earth anchors and cable were used to
secure the small (2 m tall) spruce trees to
the bank. Vegetation mats were placed by
the landowner the first week of June
(Figure 19).
The fence was not
constructed.

Post-Project Evaluation
Qualitative post project evaluations and
site photographs were obtained in
September of 2002 and June of 2003. The
project was subjected to relatively high
flows with the water surface elevation
increasing by over 1 meter in early June
and September. The spruce-tree revetment
did not last through spring high flows and
were replaced in July of 2002. Erosion
continued both upstream and downstream
of the reconstructed bank. Downstream of
the constructed bank a 10 to 20 foot point
of land eroded and was lost. While the
rootwads remained stable, bed scour had
undercut at the downstream end of the
project.
The willows leafed out within two weeks
and were well established by July of 2002.
Willow survival was high in 2003. The
vegetation mats did not become well
established. The 20-foot zone, however,
did revegetate naturally through invasion
from the adjacent lawn.

Figure 19. Right bank of Montana Creek in
May 2002 (top), June 4, 2002 (middle) and
June of 2003 (bottom).

Summary
Vegetation mats were collected when the ground was still frozen and were not successful.
Fencing designed to protect the bank vegetation was not constructed. Bed degradation
and bank erosion below ordinary high water may lead to upper bank sloughing.
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Sawyer Creek
Project Location and Pre-Project Evaluation
The project is located where Anaconda Avenue crosses Sawyer Creek, also known as
Buddy Creek, a tributary to Montana Creek. The project is accessed from the George
Parks Highway to East Montana Creek Road to Anaconda Avenue. Anaconda Avenue is
on the section line between sections 26 and 33.
Sawyer Creek is a second order stream
that flows into Montana Creek within
section 33 of Township 24 North, Range 4
West of the Seward Meridian. Stream
length is approximately 11 km (6.7 miles).
The headwaters are at approximately 335
m (1,100 feet) and near 122 m (400 feet)
where it enters Montana Creek. Stream
slope is 0.0076 where Sawyer Creek
approaches Montana Creek.
Sawyer
Creek supports pink, coho, and chinook
salmon. Pink and coho salmon spawn
within the area of the project.

Figure 20. Stream ford of Sawyer Creek in
2000.

A stream ford was used to cross Sawyer
Creek on the Ananconda Road right-of-way
(Figure 20). Fording the stream had caused
an increase in channel ratios of width to
depth and a source of sediment pollution as
well as direct impacts to spawning salmon
and incubating salmon eggs.

Restoration Design
Restoration design included constructing a
bridge crossing. The stream banks would be
reconstructed using a coir log for toe
support, two soil wraps and willow brush
layers, and vegetation mats.

Figure 21. Sawyer Creek Bridge on soil
abutments in May of 2002.

Project Construction
The project was constructed by the Matanuska-Susitna Borough, Department of Public
Works. The bridge was placed on soil abutments in the Fall of 2001. Fabric held in
place with tires was used to reduce bank erosion (Figure 21). In June of 2002, bridge
abutments and stream banks were reconstructed up and downstream of the bridge. Coir
logs were placed within trenches and held in place with wooden stakes. Two soil wraps
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with willow brush layers were constructed. Willows were collected the week prior to the
project from high elevation areas along the George Parks Highway. Vegetation mats
were collected from the adjacent birch spruce understory.

Post-Project Evaluation
Qualitative Evaluation was conducted in August of 2002. The project was built as
designed except that vegetation mats only extended 3 meters from the top of the soil
wraps. No vegetation was placed under the bridge. The soil wraps and brush layers were
near vertical.
Abiotic structures include the bridge and
coir logs, which both appeared stable and
in place a few months after construction.
Biotic structures include the willow brush
layers and vegetation mats. The willows
had leafed out and the vegetation mats
appeared partially alive in August (Figure
22).

Summary

Figure 22. Left upstream bank of Sawyer

The vegetation mats were not constructed
Creek in August of 2002.
to the design width. Bridge shading and
steep upper bank angles may affect willow survival.

30

Willow Creek—Reference Site
The lower segment of Willow Creek, downstream of the George Parks Highway, flows
through closed mixed birch and spruce forest (Figure 23). At some locations there is a 1
to 10-m zone of closed tall alder shrub or willow alder shrub extending lateral from the
waters edge. Where the bank
height—ordinary high water to top
of
bank—is
reduced
to
approximately 0.5 m or less the
riparian vegetation is composed of
open or closed willow shrub or
mesic Calamagrostis grassland
(Figure 2). In hydric depositional
areas there is often a sedge fringe
along the water line.
The stream channel in this lower
segment is a C3 or C4 using the
Rosgen
(1996)
classification
system. Using the 1:63,000 U.S.
Geological Survey map, sinuosity
was measured at 1.5.

Figure 23. Photograph of reference reach showing
riparian of mixed forest.

A representative sample reach was
selected 3 km downstream of the
Parks Highway in order to measure
channel characteristics. Although
the sample reference reach did not
have any obvious riparian or channel
modifications, the stream banks
appeared to be sloughing. Large
portions of the banks were slumped
and there were a number of trees
with boles attached near the bank
(Figure 24).
Willow Creek channel width at
ordinary high water was 37 to 40
meters within the reference reach.
Maximum water depth was 1.5 m Figure 24. Lower portion of reference reach
with width to depth (w/d) ratios of showing mesic-graminoid vegetation type.
26 to 29. Bank height measured 0.7
to 1.0-m adjacent to the mixed forest
and 0.1 to 0.2-m near the grass. Segment channel slope was 0.3% (USGS map). Water
surface slope within the reference reach was near 0.1%.
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Figure 25. Near-shore substratum size distribution at
Willow Reference site.

Upper bank slope was 0.88 and lower slope 0.33. Banks were undercut 0.25 to 0.50 m.
Roots from the bank vegetation extend into the undercut creating a relatively complex
assortment of substrates, cover, and velocities.
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Figure 26. Near-shore water velocities showing a 0.06 m/s
increase in velocity for every meter lateral to the bank.
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Figure 28. Annual peak flows at the Willow Creek Bridge for the period of record.

Wolman pebble counts (100 stones) were conducted using the modified procedures of
Bevenger and King (1995); however, due to water depths and velocities samples were
obtained from the nearshore zone. The sediment D50 was less than 2 mm (Figure 25).
The amount of fine sediment within the reference reach was due to the sloughing banks,
the cause of which is unknown but suspected to be related to erosion from boat wakes.
Near shore water velocities were low and highly variable. Water velocities less than 0.5
m/s extended out 6 meters into the channel (Figure 26). The large amount of variability
in water velocities likely was the result of the woody debris deposited along the
shoreline.
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Discharge has been measured in Willow Creek at the George Parks Highway Bridge from
1978 to 2003, excluding 1994 through 2000. Mean annual discharge has ranged from
near 300 to 500 cfs (401 cfs average) (Figure 5). Annual peak flows are generally from
1000 to 3000 cfs with an extreme high of 8000 in 1986 (Figures 27 and 28).
There was a large amount of large woody debris within the stream channel along the left
bank. Thirteen pieces of large woody debris (10 cm diameter and at least meter in
length) and 5 debris dams (3 or more pieces) were counted within the 100-m stream reach
(Figure 29). The large woody debris index score was 580 for the reach.

Figure 29. Sloughing banks showing debris dam and LWD
pieces with root wad.
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Willow Creek—Lapham Property
Project Location
The project is located on the right (north) bank of Willow Creek approximately 4 miles
upstream of the George Parks Highway within section 2 of Township 19 N., Range 04
W., of the Seward Meridian. The property is at the end of Kelly Circle. Access is from
mile 43.2 of the Willow Fishhook Road to Shirley Towne Drive, south on Kenny
Boulevard, to Shadoe Lane, to Kelly Circle.

Site Description and Pre-Project Evaluation
Willow Creek is a 4th order stream at
the project location. Stream slope is
0.009 (from 500 to 150 foot contour
lines) and sinuosity is 1.4. Substrate is
predominately cobble. The stream is
classified as a C3 channel type within
this segment.
The stream flows
through a closed mixed spruce birch
forest.
Land
clearing
for
residential
development associated with flood
flows in 1986 resulted in rapid
northern migration of the channel
threatening adjacent property. Stream
flow at this location is within two
separate channels. The property is
located on the outside of a bend of the
main channel and the thalweg is
adjacent to the bank.

Figure 30. Bank restoration at Lapham’s in May
of 2000 looking upstream.

Project Design
The project design called for the
installation of root wads along
approximately 120 feet of riverbank.
The root fans were to be anchored with
header logs and bedding material. The
riverbank would be revegetated with
three brush layers, vegetation mats and
native grass seed.

Figure 31. Willow Creek at Lapham’s in August
of 2000.

Project Construction
Willows were collected by the landowner from along Willow-Fishhook Road and stored
under snow. The rootwads and brush layering were constructed by Moore’s Landscaping
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in May of 2000 (Figure 30). Additional project features were to be constructed by the
property owner.

Post-Project Evaluation
Qualitative evaluations were conducted in
August of 2000 and September of 2004.
The rootwads were stable with no signs of
movement or slumping through 2004. The
willows were well established by August
of 2000, and survival appeared to remain
high in 2004 with complete coverage. The
vegetation mats were never transplanted
and there were no signs of native grass
seeding (Figure 31). While the project
was effective at nearshore revegetation (0
to 2 m) with tall closed willow scrub, the
riparian community beyond 2 m was not
restored to the closed birch and spruce
forest (Figure 32).

Figure 32. Willow Creek at Lapham’s in
September of 2004.

Summary
Vegetation mats were not constructed as designed. Bank restoration was limited to the
willow scrub zone.
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Willow Creek—Delcupp Property
Project Location
The project is located within the northwest
¼ of section 2, Township 19 North, Range
4 West of the Seward Meridian. Access is
from mile 45.5 of Willow-Fishhook Road,
north on Deneki to Michelle Drive. The
property is at the southeast corner of
Deneki and Michelle Drive.

Site Description and Pre-Project
Evaluation
The site is located on a slough or tributary
to Willow Creek approximately 0.5 miles
upstream from the Lapham site. The
slough receivs tributary input, backwater
from Willow Creek, and serves as a side
channel during high flows in Willow
Creek. Water surface slope is less than
1%, and the substrate is a mixture of
cobble, sand, and silt.

Figure 33. Delcupp property during 1986
flood.

Land clearing followed by flood flows in
1986 resulted in rapid bank erosion and
near loss of structures (Figure 33). The
streambank was reconstructed following
the flood with unconsolidated sand and
gravel fill and stacked concrete pieces.
Partial revegetation had occurred by 1998,
but vehicle access to Willow Creek across
this small side channel prevented the
reestablishment of riparian vegetation.

Figure 34. Delcupp property August 2000.

Project Design
Willow brush layering with coir log toe
support, willow bundles, and riparian grass
seeding was designed to provide bank
stabilization and riparian vegetation
reestablishment.

Project Construction
The bank reconstruction project was
conducted in May of 1999.

Figure 35. Delcupp property June 2002.
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Post-Project Evaluation
Post-project evaluations were conducted in August of 2000, and June of 2002. The coir
logs were stable is 2000 and 2002. In 2002, the coir log was covered with mosses
(Figure 34). The willow brush layers were well established by the Fall of 2000, and
survival and complete ground cover continued through 2002 (Figure 35). By 2000,
sediment had deposited in front of the bank and grasses had become established.
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Willow Creek—Pioneer Lodge
Project Location and Site Description
Pioneer Lodge is located on the south side of Willow Creek at the George Parks Highway
crossing (mile 71.5). The crossing is in section 6 of Township 24, N., Range 4 W.,
Seward Meridian. Latitude, 61°46'51, Longitude 149°53'04. Drainage area above the
Willow Creek Bridge is 166 square miles (USGS streamflow data).

Pre-Project Evaluation
The pre-project site evaluation was qualitative. Camping, fishing, and foot-traffic had
resulted in the loss of bank vegetation. The approximately 2-meter high stream banks
were composed of unconsolidated gravel and cobble. Streambank erosion was
accelerated and structures on the adjacent property threatened (Figure 36).

Restoration Design
The streambank restoration project was
designed to revegetate the bank, reduce
erosion rates, and prevent future damage.
The restoration design included using root
wads as bank toe protection with three
willow brush layers above (Figure 37).
Vegetation mats were to be placed lateral to
the brush layers and vegetation protected by
fencing and walkways.

Project Construction
The left bank of Willow Creek below the
Parks Highway Bridge was restored in the
spring of 2001. The project rootwads and
brush layering were constructed by Moore’s
Landscaping.
The landowner was Figure 36. South Bank of Willow Creek at Pioneer
responsible for the vegetation transplants, Lodge in 2000.
fencing, walkways and decks. The upper
banks were reseeded using a riparian seed mix. A split-rail fence protects the restored
site. Access is limited to elevated platforms. Stream access is provided by a stairway
from one of the three platforms.
Abiotic Structures
The abiotic project structures included three elevated platforms with ramp access, a 125m split rail fence, stairs from the middle platform to the stream, and root wads. Spruce
rootwads were used predominantly with the occasional (10 to 15%) birch. Rootwad
boles were a minimum of 10 feet long. The center of the rootwads was placed at ordinary
high water and header logs were used to unite the rootwads. Rebar was driven through
the header logs and into the rootwads through pre-drilled holes (Figure 38). Rootwads
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were backfilled with 12
Brush Layering: Rootwad Toe
inch minus cobble and
the willow brush layers
Vegetative Mat or
constructed above. The
Riparian Seed Mix
Dormant Cuttings
platform
foundations
were 3-inch diameter
Two Layers
Top Soil/
Coir Fabric
steel pipe buried during
Gravel Mix
project
construction.
Wood Stake
The platforms and
12”
Header Log
ramps were constructed
with outdoor wood
(“brown
wood”)
Natural Substrate
supporting
metal
(or rock backfill)
10’
grating (Figure 39). A
post-project
as-built
was not obtained. The
36”
distance between the
ground and the surface
of the platforms was Figure 37. Diagram of streambank restoration design used at Pioneer
measured
at
each Lodge on Willow Creek.
transect (see Table 1).
Subsequent evaluations will be based upon fixed-point photographs taken looking
upstream and downstream at five transects established throughout the restored section.
Biotic Structures
The biotic structures consisted of the dormant willow cuttings used in the brush layers.
Willows were harvested the previous winter from the adjacent Willow airport. Willows
were stored frozen until project construction. Willow species included feltleaf (Salix
alaxensis), Pacific (Salix lasiandra), and Sitka (Salix sitchensis). Average stem diameter
was approximately 2.5 cm and average
length 1.5 meters. Willows were layered
at a density of roughly 100 m-1 with 75%
of the stem buried. The elevation of the
willow layers above ordinary high water
ranged from 0.4 to 0.8-m.

Post-Project Evaluation
Post-project evaluations were conducted in
September of 2001 and 2004.
Abiotic Structures
The status of the abiotic structures was
qualitatively evaluated in both years. In
2001 all decks, walkways, and fencing
were sound and functional. The split rail
fence was in place and there was no

Figure 38. Tom Moore at Willow Creek
restoration site showing rootwads and header logs.
April 12, 2001.
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apparent trampling of bank vegetation. River access was possible upstream of the site
within the old channel and by stairs from the second platform downstream. All rootwads
were in place with no signs of sloughing or movement.
In 2004 decks and fencing, were still in place. The upstream walkway and platform was
unstable and closed to public use (Figure 40). Stream bed downcutting had removed the
substrate supporting the upstream posts. The 2 other platforms and stairs were still in
place and usable. Fencing was still in place and
functional; however, a long term camper had
been mowing the grass within the exclosure.
Otherwise there was no apparent damage to
bank vegetation.
Biotic Structures
Planting success was determined through fixedpoint photography and by counting all live and
dead stems for 1-linear meter for all three
willow-layers.
Based upon observations and photographs, the
willows were well established by September of
2001 (5 months after construction) (Figure 41). Figure 39. Photograph showing platform
The willows have continued to grow with construction.
continuous cover and are over 2-m high with
some plants having basal diameters of 8 cm in 2004 (Figure 41).
The percent of planted dormant willows that
survived varied by layer. In 2001 percent
survival ranged from 20% on the 1st (bottom)
layer to over 50% on the top layer. Total
number of live willows ranged from 31 to 46
m-1 (bottom to top). In 2004 the percent
survival remained constant, but the number of
live willows decreased to 5 to 10 m-1 (Figure
42). The differences in percent survival
appear to be due to shading from the upper
layers on this bank with a northern aspect.

Physical Characteristics
Figure 40. Closed upstream walkway and deck in
Hydrology
Streamflow data for Willow Creek is 2004.
presented in the Willow Reference section.
Evaluation of hydrology at the site was conducted at Level 1 and was limited to
determining the elevation of the water surface and ordinary high water relative to the
benchmark at all 5 transects. Elevations for these two points are shown in Table 3. The
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water surface was 0.7-m below ordinary
high water on the sampling date of
September 18, 2001. Discharge in Willow
Creek on September 18, 2001 was 271 cfs
(USGS Streamflow data for site 15294005)
compared to a mean annual flow of 400 cfs.
Nearshore water velocities were higher than
at the reference site and are shown in Figure
43.
Morphometry
The near-shore bank and bed were surveyed
in 2001 and 2004 and standardized to a
common benchmark. The average channel
characteristics are shown in Table 3. Upper
bank slopes increased from an average of
0.4 in 2001 to 0.9 in 2004; however, this is
due to the inclusion of the rootwads in 2004
bank slope measurements. In 2001, it was
hypothesized that the distance from ordinary
high water to the brush layers may affect
willow survival by controlling the
availability of water. However, 2001 data
suggested that the availability of solar
radiation may be more important; therefore,
the difference between deck and brush layer
elevations were calculated in 2004. In 2004,
however, willows had grown over the top of
the decks.
Substratum
In 2001, the near-shore substratum size
distribution was evaluated at Level 1, which
consisted of photography and estimates.
The substratum was composed 20% sand,
10% gravel, 60% cobble and 10% boulder.
In 2004 substratum size distribution was
quantified using Wolman pebble counts.
The size distribution is shown in Figure 44.
The substratum D50 was 31 mm and D75
was 50 mm. D50 and D75 were the same as
is 2002 (Karle 2003).
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Figure 41. Left Bank of Willow Creek looking
upstream from second platform in May 01, Sept 01,
and Sept 04 from top to bottom.

Solar Radiation
The amount of photosynthetically active radiation (PAR µmol/m-2/s-1) penetrating
walkways different materials and construction are shown in the Discussion section.
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Figure 42. The percent survival and total number of live
willows for each brush layer (1 is bottom or lower layer).
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Figure 43. Near-shore water velocities at Pioneer Lodge. Black squares not
included in regression equation.

The sky was cloudy during the 2004 site visits so solar radiation was diffuse. Metal
grating on the platforms or decks was placed so that the long axis was east to west.
Ambient PAR measurements ranged from 385 to 667. PAR 10-cm below the deck
surface ranged from 71 to 112, with maximum percent light transmission of 29.3%.
110.00%

Pioneer Lodge

100.00%

Reference

Cumulative Percent
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60.00%
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Figure 44. Substratum size distribution for Willow Creek at Pioneer Lodge and reference site
located downstream.
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Biotic Characteristics
Riparian Vegetation
Vegetation cover was evaluated with photography (Level 1) and classification of
vegetation zones (Level 2). By September of 2001, the introduced willows and riparian
seeds had become established. Riparian vegetation throughout the project consisted of
the willow scrub layer extending out 1.5 to 2-m. The dry midgrass herb community
extended out to 7 m, followed by the human disturbed gravel parking area and
campground. In September of 2004, the low willow scrub region had changed to a tall
closed willow scrub. Calamagrostis had become better established out to 7 meters
converting the plant community to a mesic bluejoint-herb meadow. At the reference site
where bank heights are similar and immediately downstream of the campground the
vegetation community is composed of a nearshore (1 to 2 m) zone of tall closed alderwillow scrub, followed by closed mixed birch spruce forest. Therefore, while vegetation
has been reestablished in the zone from 0 to 7 meters, only the community in the
nearshore region approximates naturally observed plant communities.
Large Woody Debris
The number and type of woody debris pieces and debris dams were counted and ranked
to develop the large woody debris index (LWDI). The LWDI score for Willow Creek at
Pioneer Lodge was 329 based upon 9 individual pieces and 3 debris dams. Large wood
and debris dams are common throughout lower Willow Creek. At the reference site the
LWDI score was higher at 580. A large portion of the wood at the reference site was
recruited within the reach. Long-term sources of debris at Pioneer Lodge may be limited
due to the change in the riparian plant community.
Invertebrates
Stream invertebrates were collected in Willow Creek in May of 1998, July of 2000 by the
Environment and Natural Resources Institute, in September 2001 by the Alaska
Department of Fish and Game, and September 2004 by ARRI using the ASCI methods
(Major et al. 2001) as recommended for Level 2 analysis of biotic characteristics. In
2001 and 2004, invertebrates were sampled from the near-shore zone extending roughly
1.5-m into the stream channel. Common and ASCI metrics were calculated for the 2001
and 2004 samples. ASCI metrics were obtained from previously published reports
(Major et al. 2001) (Table 4).
The ASCI score for the 2001 samples following bank restoration were similar to or
greater than previous samples collected from sub-reference sites and stressed sites below
the Parks Highway bridge. Although the overall ASCI score was similar to the July 2000
sample, there were marked improvements in many of the metrics. There was an increase
in the percent Plecoptera, a decrease in the portion of the Ephemeroptera composed of the
Baetidae, and an improved Hilsenhoff’s Biotic Index.
Fish
Juvenile fish were collected by electrofishing 56-m of shoreline in 2001. All fish
captured through a single pass were identified to species and measured to fork length
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prior to returning them to the stream. Total fishing time was 204 seconds. Fish sampling
data are shown in Table 5.
Table 3. Near-shore bank and channel characteristics for 2001 and 2002.
2001
2004
Water Surface Elv. (m)
97.76
97.85
OHW Elv (m)
98.65
98.65
WS-OHW
0.89
0.80
1st Layer to OHW
0.25
2nd Layer to OHW
0.4
3rd Layer to OHW
1.51
1st Layer to Deck
1.52
3rd Layer to Deck
1.14
Ground to Platform (m)
0.78
0.89
Ground to Platform 2 (m)
1.5
Bank Height
2.33
Upper Bank Slope
0.49
0.95
Lower Bank Slope
0.21
Water Surface Slope
0.0026 0.0027
Bank Undercut (m)
1.27
Max Bed Elv. Change (m)
-0.48

Table 4. Common and ASCI metrics for Willow Creek sub-reference and stressed sites (BB) (Major
et al. 2001) and at Pioneer Lodge (PL) following bank restoration in 2001.
May-98
May-98
Jul-00
Jul-00
Sep-01
Metrics
S-Ref
BB
S-Ref
BB
PL
Number of Taxa
20
Number of Ephemeroptera
3
4
5
6
3
Taxa
Number of Plecoptera Taxa
8
Number of Trichoptera Taxa
5
%EPT
56.44
% Chironomidae
40.80
% Dominant Taxa
40.80
% Ephemeroptera
6.13
% Plecoptera
10.6
5.2
3.7
3.1
34.97
% Trichoptera
15.34
% Ephemeroptera (no
1.2
0
6.3
17.8
5.52
baetidae)
Baetidae/Ephemeroptera
79.2
100
56.4
44.7
0.00
% non-insects
9.7
3
3
0.9
0.00
O/E (family 75%)
0.85
0.9
0.9
0.9
0.60
% Diptera
43.56
% Scrapers
0.3
0
2.6
14.4
3.99
HBI
4.7
5.3
5.3
4.8
3.47
Simpsons Diversity
0.20
EPT/Chironomidae
1.38
% Collectors
49.39
% Shredders
23.93
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Metrics
% Predators
ASCI Metric Scores
Number of Ephemeroptera
Taxa
%EPT
% Diptera
% Plecoptera
% Ephemeroptera (no
baetidae)
Baetidae/Ephemeroptera
% non-insects
O/E (family 75%)
% Scrapers
HBI
Trichoptera Taxa
% Collectors
ASCI

May-98
S-Ref

May-98
BB

Jul-00
S-Ref

Jul-00
BB

Sep-01
PL
4.91

54.5

72.7

90.9

100.0

54.5

75.7
6.0

37.1
0.0

26.4
31.5

22.1
89.0

100.0
27.6

20.8
67.7
85
2.0
90.0

0
90.0
90
0.0
60.0

43.6
90.0
90
17.3
60.0

55.3
97.0
90
96.0
85.0

100
100.0
60
26.6
100.0

50.2

43.7

56.2

79.3

71.1

Table 5. Fish sampling data for a 56-m of restored streambank.
Coho
King
Rainbow
Fork Length
Fork Length Fork Length
(mm)
(mm)
(mm)
45

55
68
62
68
47
68
60
45
50
54

45
36
45
35
48
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Willow Creek—Willow Resort
Project Location and Site
Description
The project site is located on the North and
West Side of the George Parks Highway
Crossing of Willow Creek at approximately
mile 71.5. The crossing is in section 6 of
Township 24, N., Range 4 W., Seward
Meridian.
Latitude,
61°46'51,
Longitude 149°53'04. Drainage area above
the Willow Creek Bridge is 166 square
miles (USGS streamflow data).

Pre-Project Evaluation
Only qualitative pre-project evaluations
were conducted. The right bank of Willow
Creek at Pioneer Lodge was a log bulkhead
held in place by large (6 to 8” diameter)
steel posts (Figure 45) that was constructed
in 1986. Gravel fill extended up to the top
of the bulkhead, behind which was
Recreational Vehicle camping. There was
no riparian vegetation or large woody debris
within the channel adjacent to the bulkhead.

Figure 45. Right bank of Willow Creek below
the Parks Highway in 2000 showing log
bulkhead.

Restoration Design
The project was designed to restore bank
vegetation and provide juvenile fish habitat,
through a complex shoreline with a diversity Figure 46. Rootwads, brush layering and deck
of depths and velocities. The project design construction at Willow Creek Resort.
was a modified rootwad toe with 2 willow
brush layers. Vegetation mats were to be placed on top of the brush layers and extend
back 25 feet from the waters edge. The entire project would be covered with lightpenetrating decking. The design was modified by angling the rootwads 10 to 15° with
the wad facing upstream and the bole downstream. The design was modified to use the
water force to direct the rootwad into the bank.

Project Construction
Abiotic Structures. Abiotic structures included the rootwad toe and decking. The project
was constructed by the property owner in June of 2003, with the deck completed in the
Spring of 2004. The deck was constructed over the entire length of the project and
cantilevered over the steel posts that previously supported the bulkhead. Extruded metal
decking was supported on 2 by 12 inch wood joists on 16 inch centers (Figure 46 and 47).
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Biotic Structures. Dormant willows were
collected by the property owner in May.
Willow collection sites were located at
higher elevations near Denali State Park
because willows within the project area had
already leafed out. Dormant willow cuttings
were stored in the shade, under tarps, and ice
was used to keep them cool until planting.
Vegetation mats were collected from the
adjacent birch and spruce forest understory.
Vegetation mats did not extend past the deck
surface.

Figure 47. Deck at Willow Creek Resort in
August of 2004.

Post-Project Evaluation
Project assessment was conducted in August of 2004. The project was constructed as
designed except for the low number of dormant willow cuttings used and the vegetation
mats which did not extend 20 feet from the bank as proposed.
Abiotic Structures. All of the rootwads
were still in place with no signs of erosion
or slumping. The deck was competed.
There was a 2 x 4 wire fencing railing and
dirt ramps for deck access. The deck was
very effective at preventing foot traffic
along the bank. Water depths anterior to
the deck were low enough to wade during
most of the fishing season (less than 0.4 m
deep, within 1-m of the bank). There was
no river access from the deck.

120

Percent Survival
Number Living

100
80
60
40
20
0
Layer 1

Layer 2

Figure 48. Percent of dormant willow cuttings
surviving in 2004 and number of live willows
per linear meter.

Biotic Structures.
The survival of dormant willows was
greater (p<0.05 paired t-test on
transformed data) for those on the upper level at 90% relative to 80% for the lower level.
Total stems per linear meter were quite low however; at below 10 for each layer which is
much less than the design recommendation of 30 to 50 per meter.(Figure 48).
All of the transplated vegetation mats beneath the walkway appeared to be surviving and
growing through the walkway. Although willow and vegetation mats were surviving,
percent ground cover was low, particularly within the brush layers. Although not
quantified, percent ground cover was estimated to be 50%.
Physical Characteristics.
The bank and near-shore stream bed elevations were surveyed at 4 transects every 15
meters. Bank characteristics are shown in Table 6. The average upper bank slope was
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0.55, much less than the average of 1.3 for the reference reach. Similarly the average
lower bank slope was 0.14 compared to 0.4 for the reference site. Bank height was
greater than the reference site at over 2 meters. The water surface slope of 0.006 was
greater than the left bank adjacent to the Pioneer Lodge site where water surface slope
was 0.002.
Table 6. Bank characteristics for four transects on the right bank of Willow Creek in 2004.
Summary
T1
T2
T3
T4
Distance Downstream (m)
0
15
30
45
Walkway Height 1 (m)
0.872 0.84
1.02
0.97
Walkway Height 2 (m)
1.8
3.01 2.761 2.9452
Walkway width (m)
4.4
5
4.95
5
Bank Height (m)
2.35
2.27 2.083
2.18
Upper Bank Slope
-0.41 -0.60 -0.66
-0.53
Lower Bank Slope
-0.006
n/a
-0.142 -0.283
Top willow row to deck (m)
1.37
1.5
1.25
Bottom willow row to deck (m)
1.4
1.2
1.7
1.7
Header log to deck (m)
1.95
1.75
2.93
Water Surface Elevation (m)
98.27 98.22 98.21
97.98
Water Surface Slope
-0.0058

There were more smaller sized particles
anterior to Willow Resort relative to
Pioneer Lodge (Figure 50). The D50
was 22.6 compared to near 32 on the
opposite bank; however, the D75 values
were the same.

1.2
y = 0.168x + 0.1077

Ve locity (m /s) or De pth (m )

Nearshore water velocities increased
with distance from shore at a rate similar
to those observed on the left bank and
much greater than at the reference site
(Figure 49). Water depths did not
increase as rapidly as the left bank and
were under at 0.5 meters 3 meters from
the bank. In comparison, water depths
exceeded 0.5 meters within 1 meter of
the left bank at Pioneer Lodge.

R2 = 0.4867

1
0.8
0.6
0.4
0.2
0
-1

0
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3

4

Figure 49. Near-shore water velocity and depth
(open squares) at Willow Resort in September of
2004.

Maximum solar radiation passing through the walkway was 283 µmol/m2/s or 38% of
ambient light. Percent light transmission ranged from 20 to 38%.
Biotic Characteristics. There was very little large woody debris within the channel
excluding the rootwads. Only two pieces and no debris dams were identified, which
resulted in a large woody debris index score of 33.
The riparian plant community following restoration was composed of 3 to 4 meters of
closed low willow scrub (II.C.(1).a. Vireck et al 1992), followed by 1 to 2 meters of
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5

mixed herbaceous forbs from the birch spruce understory (III.B.(2).a. Virck et al. 1992).
Beyond 8 meters is gravel parking.
Juvenile fish were not sampled; however, immediately following bank reconstruction,
juvenile salmon were seen between and within the rootwads.
Macroinvertebrate
community was dominated by Trichoptera species. EPT taxa were numerous and
diversity was high. The site was ranked good using the ASCI methods.

110%
Willow Resort

100%
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90%
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50%
40%
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Figure 50. Particle size distribution for three Willow Creek sites
in 2004.
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Willow Creek—State Park at Susitna Confluence
Project Location
The project is located at the confluence of Willow Creek and the Susitna River within the
Willow Creek State Recreational Area. Willow Creek State Recreational Area is located
at the end of Willow Creek Parkway which is accessed from mile 70.8 of the George
Parks Highway. The site is located within section 34, Township 20 N, Range 4 W, of the
Seward Meridian (61.78° N by 150.16°W).

Pre-Project Evaluation
A qualitative pre-project evaluation was conducted in September of 2001.

Physical Characteristics
Hydrology
Level 1 analysis was conducted and limited to determining bankfull water depth.
Bankfull water depth was obtained concurrently with measurements of stream crosssectional morphometry (see Morphometry below). Bankfull water depth is the hydraulic
radius and is shown for each transect in Table 7.
Morphometry
Stream morphometry was evaluated at Level 2. Level 1 channel-bank characteristics
were determined through fixed-point photography (Table 8). Channel cross-sectional
morphometry was determined by cross-sectional surveys at 6 transects located every 60m. A 100-m tape was secured on the left and right banks perpendicular to the channel.
Bed height was measured every 0.2 to 1.0 m using a laser level and leveling rod. More
frequent measures were taken at points of rapidly changing bed heights. Bank undercut
depth was measured at both ends of the tape with a meter stick. Stream bed slope and
water surface slope were calculated by determining the slope of the regression line
between downstream distance and minimum bed height and water surface height,
respectively. Channel characteristics determined from cross-sectional measurements are
shown in Table 7.
Substratum
Channel bed particle size distribution was evaluated at Level 2. Substratum size
distribution through Wolman pebble counts of 100 particles as modified by Bevenger and
King (1995). The length B-axis was determined using a substratum sampler developed
by the U.S. Forest Service. Particles were sorted into those less than 2-mm, 2-2.8 mm,
2.8-4 mm, 4-5.6 mm, 5.6-8 mm, 8-11 mm, 11-16 mm, 16-22.6 mm, 22.6-32 mm, 32-45
mm, 45-64mm, 64-90 mm, 90-128 mm, and greater than 128 mm. The cumulative
portion finer than a given size class are plotted in Figure 51. The critical grain size was
determined from the tractive force equation of Kaepesser (1985).
Stream bank sloughing is obvious throughout the sampling area (Figure 52). Sloughing
has resulted in a stream bed composed almost entirely of particles less than 2-mm in
diameter. Bankfull stream widths range from 16 to 20-m, which is approximately 2 fold
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greater than upstream-unmodified locations. The hydraulic radius is approaching 1-m
and bed and water surface slopes are low. Based on channel characteristics the critical
grain size for transport would be near 10 mm. Comparisons between the critical grain
size and the particle distribution show a greater portion of smaller particles than expected
and confirms aggradation.
Table 7. Stream channel characteristics. Water surface elevation at the sampling date. Maximum
water depth at the sampling date is the difference between minimum bed elevation and water surface
elevation.
9.13.2001
T1
T2
T3
T4
T5
T6
Average SD
Station Dist (ft)
344.00
285.00 225.00 165.00 105.00 45.00 N/A
N/A
Station Dist (m)
104.85
86.87
68.58
50.29
32.00
13.72 N/A
N/A
Min Elev (m)
96.84
96.89
96.99
97.01
96.98
97.02 N/A
N/A
Water Surface Elv (m) 97.16
97.19
97.23
97.24
97.26
97.30 N/A
N/A
Width (m)
16.80
16.00
15.70
15.10
19.00
15.80 16.40
1.39
Area (m2)
13.98
13.12
12.00
10.93
9.95
9.87
11.64
1.69
Perimter (m)
17.45
16.78
17.18
15.38
19.51
16.30 17.10
1.39
Hyd. Radius (m)
0.80
0.78
0.70
0.71
0.51
0.61
0.68
0.11
Mean Depth (m)
0.83
0.82
0.76
0.72
0.52
0.62
0.71
0.12
w/d
20.97
20.46
22.47
21.25
37.27
26.10 24.75
6.46
Bed Slope
-0.00187
Water Surface Slope
-0.00144
Critical Grain (mm)
-9.71
Table 8. Location and aspect of photography points.
Latitude

Longitude Station (ft) Direction

61.77803 150.16089

0.0

Downstream to
24.0

61.77816
61.77803
61.77815
61.77828
61.77827
61.77827

150.16057
150.16089
150.16098
150.16102
150.16112
150.16112

24.0
0.0
30
59
84
84

Perpendicular
Downstream
Downstream
Perpendicular
Perpendicular
Downstream

61.77842
61.77851
61.77826
61.77836
61.77864
61.77842
61.77866
61.77871
61.7787
61.7787
61.7787

150.1612
150.16153
150.16134
150.16173
150.16203
150.16198
150.16198
150.16251
150.16274
150.16274
150.16274

122
194
125
200
20
250
325
366
366
366
366

Comments
Stations measured with 0.0 being the
upstream end of the project at the base of
the Alders present currently
From across stream (right bank) 10 ft from
large birch.
Ordinary high water bank profile.
Center of trail
Divet or hole
Center of trail
Lamprey in bucket
Rt bank at birch tree
Rt bank 10 feet from large spruce tree
On trail
Looking down trail
Rt. Bank in from of Birch

Downstream
Perpendicular
Upstream
Perpendicular
Perpendicular
30* upstream
45* upstream
60* upstream

2 m upstream of leaning spruce
2 m upstream of leaning spruce
2 m upstream of leaning spruce
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File Name

willowm.11
willowm.12
willowm.13
willowm.14
willowm.15
willowm.16
willowm.17
willowm.18
willowm.19
willowm.20
willowm.21
willowm.22
willowm.23
willowm.24
willowm.25
willowm.26
willowm.27
willowm.28
willowm.29

Willow Creek: Mouth

Cumulative Portion Finer

1.00
0.90
0.80
0.70
0.60
0.50
1

10

100

1000

Grain Size (mm)

Figure 51. Substratum size distribution at the mouth of Willow Creek showing dominant sand grain
size.

Biotic Characteristics
Riparian Vegetation
Measurements of riparian vegetation were conducted at Level 2. Level 2 analysis of a
parameter includes Level 1 measure. Therefore, measures included fixed-point
photography and classification of distinct zones of vegetation. Vegetation classification
was determined along a line defined by extending the stream cross-section across the
uplands. Each distinct zone of vegetation was classified using the methods of Viereck et
al. (1992).
Natural riparian vegetation consists of small patches of willow-alder shrubs adjacent to
the stream of either bluejoint meadows or open spruce-birch forests (Table 9). The
riparian vegetation has been modified for up to 7-meters within the project site, where the
previous vegetation community has been removed.
Invertebrates
The invertebrate community was sampled at Level 2. Invertebrates were sampled with Dframe kick nets with 0.350-m mesh as per the Alaska Stream Condition Index
methodology (Major and Barbour 2001).
Only 23 individual invertebrates were obtained within samples collected at the mouth of
Willow Creek. ASCI methods require a minimum of 300 individuals be identified prior
to metric calculations; therefore, an ASCI score was not determined. However, it is
significant that the invertebrate density was this low.
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Fish
The fish community was evaluated at
Level 2. Fish population estimates
were determined through multiplepass electroshocking. The upstream
and downstream ends of a 47-m long
reach of the left bank were blocked
with mesh net. Fish from each pass
were retained in separate buckets and
the electroshocking time was
recorded.
Fish habitat in the form of undercut
banks and cover from overhanging
vegetation or woody debris is totally
absent.
Only one coho salmon Figure 52. Left bank of the mouth of Willow Creek
in Sept of 2001.
juvenile was captured during fish
sampling (Table 10).
Pacific
Lamprey dominated the fish community, which were abundant within the sandy
substrate.

Table 9. Riparian vegetation classification and definition at the 6 transect locations.
Vegetation on Left Bank at Transects
T1
344 ft
Dist (m)
Veg Class
Defined
0-3
V
Unvegetated: Human caused
3-9
IIC2K
Open low Alder-willow shrub
9IC1a
Closed Spruce-Paper Birch forest
T2
Dist (m)
0-7
7-18
18-

285 ft
Veg Class
V
IIIA2c
IC2a

Defined
Unvegetated: Human caused
Bluejoint-Shrub
Open Spruce-Paper Birch Forest

T3
Dist (m)
0-4
4-15
15-

225 ft
Veg Class
V
IIIA2c
IC2a

Defined
Unvegetated: Human caused
Bluejoint-Shrub
Open Spruce-Paper Birch Forest

T4
Dist (m)
0-3
3-12
12-20
20-100

165 ft
Veg Class
V
IIIA2c
IC2a
IIIA2a

Defined
Unvegetated: Human caused
Bluejoint-Shrub
Open Spruce-Paper Birch Forest
Bluejoint Meadow
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Vegetation on Left Bank at Transects
T5
Dist (m)
0-2
2-100

105-ft
Veg Class
V
IIIA2a

Defined
Unvegetated: Human caused
Bluejoint Meadow

T6
Dist (m)
0-1.5
1.5-2.5
2.5-14
14-22
22-100

45-ft
Veg Class
IIC2f
V
IIIA2a
IC2a
IIIA2a

Defined
Open Low Shrub Birch-Willow Shrub
Unvegetated: Human caused
Bluejoint Meadow
Open Spruce-Paper Birch Forest
Bluejoint Meadow

Table 10. Fish sampling results.
13-Sep-01
FISH
1st Pass
2nd Pass
Length (mm) Length (mm)
Species
or number
or number
Coho salmon (FL)
50
0
Pacific Lamprey (No.)
13 (#)
8
Sculpin (No.)
2 (#)
0

Restoration Design
The project was designed to restore
bank vegetation and prevent future
bank tampling. It was hypothesized
that the restoration of the bank would
increase juvenile fish and invertebrate
habitat and use, substrate size
distribution and the amount of large
woody debris would increase.
The design project features are shown
in Figure 54. There were four abiotic
components associated with this
project, rootwads and coir logs for
Figure 53. Completed lower rootwad and brush
stabilizing the toe of the bank, layering on May 2, 2002.
temporary
fencing
and
signs,
permanent fencing, and walkways.
Biotic structures included willow brush layering, above the rootwads, vegetation mats
behind the brush layers, wetland transplants, live stakes, spruce and birch transplants, and
grass rolls. Grass rolls were from 99 to 148 ft (measured from the upstream end of the
project) and from 140 to 200 ft were grass rolls behind a coir log toe. Rootwads and

57

brush layering were from station 0 to 30 ft, 59 to 65 ft, 84 to 93 ft and 200 to 370 ft. No
work was proposed for the area between station 30 to 59 ft and 65 to 84 ft. The hardened
trail was to be scarified and vegetation mats placed over the top.

Figure 54. Aerial photograph showing the location of restoration project features.
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Project Construction
Project construction began in April of 2002, with the installation of rootwads and two
brush layers at the three locations shown in Figure 54. Moore’s Landscaping was the
contractor. Willows were collected from the Willow Area just prior to construction and
stored is snow banks on site.
On May 30, 2002 Meadow Lakes Elementary school planted wetland plants,
transplanted some spruce and birch from station 0 to 59, and from 2 to 8 meters from the
bank. Willow live stakes were planted inland from the area proposed for grass rolls.
Willow bundles were secured along Willow Creek lateral to the area proposed for grass
rolls and around clumps of vegetation on the Susitna River.
Moore’s Landscaping completed the grass rolls and coir log plus grass rolls sections on
June 23, 2002 (Figure 55). In May of 2003 an additional soil wrap and brush layer was
added to the root-wad section.
The State Division of Parks and
Recreation completed the walkway in June
of 2004 and vegetation mats were placed
between June and September of 2004.
The walkway surface was constructed of
serrated bar grating with the support bars
oriented east to west. The walkway was
supported by “I” beams placed on steel
posts. Walkway width was 1.2-m.

Post-Project Evaluations
Post project evaluations were conducted in
June of 2002 and September of 2004.

Figure 55. Grass roll construction in June of
2002.

2002 Abiotic Structures. In June of 2002,
the rootwads appeared stable. Due to the
channel slope and cross-sectional area, and
backwater effect from the Susitna River,
the amount of erosive energy along the
streambanks is low.
However, the
rootwads in this design serve a second
function of limiting human movement
across the stream bank. It is unlikely that
the rootwads will move due to stream
energy. People were observed climbing
over the rootwads and so at this time (prior
to willow growth) they appear to be only
marginally successful in their secondary
function. Similarly, the fencing did limit,

Figure 56. Lower rootwads and brushlayering
in June 2002.
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but not eliminate foot traffic on the vegetative components of the project. The walkway
had not been constructed (Figure 56).
2002 Biotic Structures. Riparian vegetation was reintroduced to the area using three
different techniques. Willows were planted as brush layers above the rootwads, as live
stakes in two locations, transplants, and as bundles and live siltation. Riparian grasses
were transplanted and secured in grass rolls and wetland plugs and mats were
transplanted (provided by the Plant Materials Center). Vegetative mats were to be placed
on top of the brush layers, but had not been done by June 2002.
Willows introduced through brush
layers, bundles and live siltation all
appeared to be surviving in July 2002
(Figure 57). Of the introduced willow,
the transplants from indoor starts
appeared to have the lowest survival
rate. Willow survival in the brush layers
appears very low. There are only a few
stems in the lower layers with leaves.
The willow leaves on the top layer of the
willow brush layers were yellow (Figure
58). Two conditions were hypothesized
to be affecting the introduced willow,
bank compaction and inundation.

Figure 57. Leaf out willow introduced through
live siltation.

In spite of the fencing, the bank above
the willow brush layers had been
compacted due to foot traffic. In
addition, high water since installation
of the project had inundated the
willows for up to two weeks. Either of
these factors may influence willow
survival and should be followed over
time. The grass rolls were introduced
in June and their short term survival is
unknown; however, they appeared
healthy at the time of introduction. The
wetlands plants also appeared to be
surviving well.
Figure 58. Willow brush layers in June of 2002.

2002
Physical
and
Biotic
Characteristics. Biotic characteristics
were based only on qualitative observations. There did not appear to be any change in
channel morphology, substrate size distribution, or large woody debris. The riparian
vegetation community at and adjacent to the upper rootwads and brush layering and grass
rolls was similar to the plant community at undisturbed sites. The lower rootwad section
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was still largely unvegetated. Juvenile
salmon were observed among the
rootwads in larger numbers than
captured in previously by electrofishing.
2004 Abiotic Structures. In September
of 2004 the walkway had been
completed. Some temporary fencing
was still in place but largely ineffective.
There was no railing or permanent
fencing to keep people off of the bank
vegetation; however, there were no trails
along the river next to the walkway. The
walkway did not provide access points to
59. Walkway
Walkway and
and grass
grass roll
rollssection
in
the river and trails were developing over Figure
Figure 10.
in
September
2004.
the grass rolls and at the upstream end of September of 2004.
the walkway. The rootwads were still in
place and there were no signs of bank erosion.
2004 Biotic Structures. The grass rolls were well developed and appeared to be thriving
(Figure 59). The willows within the lower two brush layers did not survive. Percent
survival in the upper layer was low
at around 25% on average for three
50
transects (Figure 60).
45
Percent Survival
40

It was too early to determine the
survival of the vegetation mats.
Clumps or mats of vegetation
harvested from the Birch/Spruce
forest understory were placed within
the area previously composed of
bluejoint meadow and sedges. Mats
were above the ground surface and
sides were exposed to the air.

Number Living

35
30
25
20
15
10
5
0
Layer 1

Layer 2

Layer 3

Figure 60. Percent survival and number of living

2004
Physical
Characteristics. willows for each brush layer in Sept ember of
Stream cross-sectional transects were 2004.(Layer 3 upper).
repeated at 5 of the 6 locations
measured in 2001 (Table 11). There
was a significant decrease in bankfull channel width and increase in channel depth
(paired T-test, p < 0.05) and resulting decrease in w/d ratios. Changes in channel crosssectional widths and depths may have been due to construction rather than a response to
bank vegetation. However, there was also an increase in bed and water surface slopes
since 2001. Changes in the water level due to backwater from the Susitna explain the
differences in water surface, but not bed slopes.
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The substrate particle size distribution also increased in 2004 relative to 2001. The
portion of substrate measuring less than 2 mm decreased from over 90% to around 65%
(Figure 61). The Susitna River backs up into this portion of Willow Creek and deposits
fine sediment, so it is not clear whether changes in the substrate size is due to reduced
bank erosion or an increase in Willow Creek flows relative to the Susitna River. Changes
in bed slope and extremely low 2004 Willow Creek flows prior to substrate
measurements support differences due to reduced bank erosion. There was a marked
increase in substrate size based on qualitative observations on October 6, 2004 following
an increase in Willow Creek flows (Figure 60 and Figure 62).
Table 11. Stream channel characteristics for transects 1 through 5 in September of 2004.
9.16.2004
T1
T2
T3
T4
T5
Average Stdev
Station Dist (m)
108
95
75
55
33
N/A
N/A
Min Elev (m)
96.01 96.09 96.22 96.39 96.27
N/A
N/A
Water Surface Elv (m)
96.17 96.19 96.34 96.46 96.47
N/A
N/A
Width (m)
16.5
15
12.9
15.1
16.9
15.28
1.57
Area (m2)
15.53 15.38 11.47 12.72 11.89
13.40
1.93
Perimeter (m)
17.95 17.94 14.76 16.78 16.78
16.84
1.30
Hyd. Radius (m)
0.87
0.86
0.78
0.76
0.71
0.79
0.07
Mean Depth (m)
0.94
1.03
0.89
0.84
0.70
0.88
0.12
w/d
17.53 14.63 14.51 17.93 24.01
17.72
3.86
Walkway ht 1 (m)
0.36
0.364 0.611 0.425 0.366
0.43
0.11
Walkway ht 2 (m)
0.41
0.482 0.605 0.488 0.562
0.51
0.08
Bed Slope
-0.0041
Water Surface Slope
-0.0045
Critical Grain (mm)
35.5
Undercut
Left
0
0
0
0
0
Right
0
0
0.2
0.35
0.6

100.00%

Cumulative Percent

90.00%
80.00%

2001

70.00%

2004

60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
.00%
1

10

100

Grain Size (mm)

Figure 61. Comparison between 2001 and 2004 substrate size
distribution showing marked decrease in percent fines.
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1000

Water surface elevations in September of 2004 were 0.70 m below those in September of
2001 and there was very limited water movement. Water surface was well below
bankfull flows and near-shore
velocities were not measured.
Photosynthetically active radiation
was measured above and below the
constructed walkway.
The
walkway surface was on average
0.4 to 0.5 m above the ground
surface for the south and north
sides respectively. Available light
under the deck tended to increase
with ambient levels, although
maximum percent transmission
was 43% (Figure 63).
Figure 62. Point bar at transect 2 on October 6, 2004
following high Willow Creek Flows. Compare with
Figure 10.

300
Under Deck Solar Radiation

2004 Biotic Characteristics.
Due to the low water levels in
September of 2004 invertebrates
and Fish were not collected.
Large woody debris was absent
from the site in 2001 prior to
project construction. In 2004, 9
individual pieces and one debris
dam were located within the
sampling reach with a resulting
LWDI of 228.

250
200
150
100
50

The restoration project resulted
0
in the revegetation of the
0
200
400
600
800
previously denuded riparian area.
Am bient Solar Radiation
Vegetation communities were
primarily
mesic
bluejoint
2
meadows with a narrow band of Figure 63. PAR (µmol/m /s) under bar grating relative
willows
adjacent
to
the to ambient values.
streambank
(Table
12).
Bluejoint meadows or mixed bluejoint and willow or alder shrubs are often observed
along Willow Creek and the Susitna River. On Willow Creek and other Susitna River
tributaries this community type is generally observed at low bank locations (0.1 to 0.5 m
above ordinary high water). At the downstream Transect 1 bank height is 1.4 m relative
to ordinary high water; however, the area is often inundated by Susitna River flows.
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Table 12. Vegetation classifications after Vireck et al. (1992) for discrete zones adjacent to Willow
Creek following 2002 restoration as observed in September of 2004
T5 Distance Vegetation Class
0Mesic Bluejoint Meadow, Calamagrostis, small line of Willows, 100% cover
0-11.5
Mesic Bluejoint Meadow
T4
11.5Open Spruce/ Birch, willow bundles at water's edge.
0-30
Mesic Bluejoint Meadow
T3
30Open Spruce/ Birch
0-1
Row of Willow Brush layering
T2
1 to 20
Mesic Bluejoint Medow, Vegetation transplants
20Open birch Spruce Forest
0-1
Row of Willow Brush layering
T1
1-5
Mesic Bluejoint Medow, Vegetation transplants
5-10
Open Spruce/Birch Forest
10Bluejoint-Willow Shrub

Summary
The success of this project was limited by the construction of physical features designed
to address the causes of vegetation loss. The walkway construction was delayed, the
walkway was not constructed at the design location, stairs providing stream access were
not constructed, and permanent fencing was not constructed. The walkway was not
constructed immediately following the bank revegetation as scheduled. This resulted in
bank trampling of the upper brush layers. Willow survival within the brush layers also
may have been affected by high water; however, because the causes of vegetation loss
were not addressed this can not be evaluated. Because of poor willow survival and
additional brush layer was added to the project in 2003. Therefore, the delay in
construction added additional project costs. Temporary fencing was used to protect the
site following walkway construction and was still in place in 2004. The fencing was
removed in 2005 and bank trampling had destroyed all of the vegetation between the
walkway and the waters edge.
The delayed walkway construction also negatively affected other project features. The
birch, spruce, and wetland transplants were placed following most of the bank
construction work. Equipment used for walkway construction damaged or destroyed
most of the transplants.
The vegetation mats were not installed as designed and were collected from the wrong
vegetation community type. In addition, had the vegetation mats been placed
immediately following brush layer construction as proposed in the design, the mats may
have provided some protection to the willow brush layers.
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Deshka River—Mat-Su Borough Recreation Site
Project Location
The project is located at the confluence of the Deshka River and the Susitna River, within
section 35, Township 19 North, Range 6 West of the Seward Meridian. Access is by boat
from Deshka Landing via Crystal Lake
Road, Willow Creek Parkway, and the
George Parks Highway.

Site Description and
Project Evaluation

Pre-

The mouth of the Deshka River is
hundreds of meters wide receiving
backwater from the Susitna River. The
substratum is composed of deposited
silt and sands transported by the
Susitna. The bank height is less than 1
meter on the left.
The riparian
vegetation on the left bank is a bank (0
to 5 m) of alders followed by a closed Figure 64. Confluence of the Deshka and Susitna
Rivers.
poplar forest.
The right bank is
approximately 5 to 10 meters high with a mixed spruce and birch forest on the upper
terrace (Figure 64).
The mouth of the Deshka River is a
popular fishery primarily during the
chinook, and to a lesser extent, coho
salmon seasons. State and MatanuskaBorough lands located in the lower 11
miles of the Deshka River are
managed by the Matanuska-Susitna
Borough as primitive and developed
camp sites. Eleven camp sites with
picnic tables are located on the left
bank at the confluence. Boat access to
the camping sites and loading and
unloading have resulted in bank Figure 65. Modified bank of the Deshka River due to
erosion and the loss of alder zone boat moorage and campground access.
(Figure 65).

Project Design
The project design included both physical structures to address the causes of habitat
losses and biotic structures to accelerate the reestablishment of riparian vegetation.
Floating docks were proposed at two locations with ramp access to the uplands. At other
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locations stairs were designed to
provide campground access. Trails
to the campgrounds were to be
supported with interlocking geogrid.
A combination of spruce tree
revetment with coir log support of
soil wraps and willow brush layers,
and willow live stakes were designed
to promote revegetation.

Project Construction
The project was constructed in 2002
by Matanuska-Susitna Borough Park
and Recreation, and U.S. Fish and Figure 66. Stair access to campground showing soil
Wildlife Service staff (Figures 66 wraps and willow brush layers (Photograph courtesy of
Debby Broneske Mat-Su Borough).
and 67).

Post-Project Evaluation
Evaluation of this site has not been
conducted.

Figure 67. Dock and access ramp at Deshka River
campground (Photograph courtesy of Debby Broneske
Mat-Su Borough).
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Big Lake—Sherman’s
Project Location
The Sherman’s property is located along the south shore of Big lake, immediately west of
the Alaska sailing club, within Section 36, T. 17 N., R. 4. W., Seward Merridian.

Site Description and Pre-Project Evaluation
Big Lake supports coho and sockeye salmon, and resident fish species. The lakeshore
was undercutting primarily because of increased boat and Jet Ski wakes in the immediate
area. The project was designed to protect the lakeshore from further erosion by installing
coir log and spruce tree revetment. The shoreline above ordinary high water was
revegetated with live stakes and rooted transplants.

Restoration Design
The project was designed to protect the
lakeshore from further erosion by
installing a coir log at the base of a
large spruce tree with severely exposed
roots (Figure 68), and a spruce-tree
revetment along 157 feet of lakeshore.
The second year project was designed
to restore lakeshore vegetation and
provide juvenile fish habitat with the
installation of spruce tree revetment;
willow fascines and native transplants,
intermittently for 200 feet of lake
shore.
Project completed August Figure 68. Shoreline of Sherman property on Big
Lake showing large spruce tree. Coir logs designed to
2001.
be placed at the base of the tree.

Project Construction
Abiotic Structures. Abiotic structures included the coir-log toe and spruce tree
revetment. The initial project was constructed by the property owner and U.S. Fish and
Wildlife staff in July 2000. Spruce tree revetment and coir log toe was installed during
the second year by the property owner, state and federal agency staff and a church youth
group visiting from Oregon.
Biotic Structures. Dormant willows were collected by agency staff in February, 2001 and
stored in a freezer until use. Dormant willow cuttings were stored in the lake to keep
them cool until planting the same day. Vegetation transplants were provided by the State
of Alaska, Plant Materials Center in Palmer.

Post-Project Evaluation
The project has not been evaluated since construction.
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Finger Lake
Project Location
The project is located on north side of
Finger Lake within the Finger Lake
State Recreation Area accessed from
Bogard Road near Trunk Road within
section 34 of Township 18 N., Range 1
E., of the Seward Meridian.

Site Description and
Project Evaluation

Pre-

The bank vegetation had been removed
and the lake shore was eroding
(Figure 69). The loss of vegetation
was due to the use of the site for boat
launching, boat moorage, and
recreational use.

Figure 69. Shoreline of Finger Lake at State
Recreation area prior to revegetation in 2000l.

Project Design
The causes of bank vegetation loss
would be addressed by restricting
access using large rock and temporary
construction fencing. Foot access
would be allowed; however, boat
access would be diverted to the
adjacent developed launch.
The
reestablishment
of
bank
vegetation would include the
installation of coir log, willow brush
layering, vegetation mats, willow live
stakes, willow rooted cuttings, birch
and spruce transplants and native
riparian
grass
seed
along
approximately 60 feet of lakeshore.

Project Construction
The project was constructed in two Figure 70. Finger Lake project construction in 2000.
phases, 2000 and 2001, by the Fourth
Grade Classes at Finger Lake Elementary School with State and Federal agency staff
oversight (Figure 70). Willows were collected by Alaska Department of Fish and Game
staff in February 2000 and 2001 and stored in a freezer until use. The coir logs and
native riparian seed mix were donated by Moore’s Landscaping. The willow rooted
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cuttings were provided by the Fourth
Grade classes of Finger Lake
Elementary School. The birch and
spruce tree transplants were supplied
by the Mat-Su Borough.
The
vegetation mats were collected from
nearby areas by Alaska State Park’s
staff.

Post-Project Evaluation
Qualitative
evaluations
were
conducted in August of 2000, August
2001 and September of 2005.
Figure 71. Rock barriers and construction fencing in
2001.

Abiotic Structures
Abiotic structures included the coir logs, rock barriers, and construction fencing. The
coir logs were stable and in place in 2001. In 2005, the coir logs had been completely
covered with sedges and were no longer visible. The rock barriers effectively eliminated
vehicle traffic. The construction fencing; however, was only partially effective foot
access continued along the existing path (Figure 71).
Biotic Structures
The willow brush layers were well established by 2001 and remained in good condition
in 2005. The survival of transplanted rooted willow cuttings was low (<10% estimated);
however, survival was high for the transplanted birch and spruce saplings (Figure 72).
The sedge zone along the lake shoreline, had become reestablished by 2005 (Figure 73).

Summary
Sedge zone reestablished naturally
following project construction. The
mixed birch spruce forest was
developing due to live transplants.
The rock barrier was effective at
restricting vehicle access.

Figure 73. Finger Lake in 2005 showing willow brush
layers and sedges.

Figure 72. Transplanted birch and spurce in 2005.
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Island Lake
Project Location
The project is located on west side of
Island Lake in the Meadow Lakes area
within section 27 of Township 18 N.,
Range 2 W, of the Seward Meridian. The
site is accessed from the George Park’s
Highway north of Wasilla to mile 3 of
Pittman Road.

Site Description and Pre-Project
Evaluation
The site is located at a public access point.
Vehicle traffic, boat launching, and
camping on the shoreline had resulted in Figure 74. Island Lake access in 2001.
the loss of bank vegetation and accelerated bank erosion (Figure 74).

Project Design
The causes of bank vegetation loss would be
addressed by limiting access to foot traffic.
Wooden bollards were designed to be installed
adjacent to an existing metal gate that had been
bypassed by ATV and vehicle traffic. The project
design called for the installation of coir log,
willow brush layering, vegetation mats, willow
live stakes, willow rooted cuttings, birch and
spruce transplants and native riparian grass seed
along approximately 30 feet of lakeshore.

Project Construction
The project was constructed by the 4th and 5th
grade classes of Meadow Lakes Elementary
School with State and federal agency staff
oversight. Willows were collected by Alaska
Department of Fish and Game staff in February
2001 and stored in a freezer until use. The coir
logs and native riparian seed mix were donated by
Moore’s Landscaping. The willow rooted cuttings
were provided by the Fourth Grade classes of Figure 75. Placement of vegetation mats
at Island Lake.
Meadow Lakes Elementary School. The birch and
spruce tree transplants were supplied by the Matanuska-Susitna Borough. The vegetation
mats were collected in the Eagle River area and transported to the site by Alaska State
Park staff.
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Post-Project Evaluation
Qualitative
evaluations
were
conducted in August 2001 and
September of 2005.
The Abiotic
structures, bollards and coir logs were
stable and effective in 2001. By 2005,
the coir logs had become vegetated
and were no longer visible. The
bollards; however, had been removed
by 2005 and ATV access had resumed
resulting in impacts and loss of the
bank vegetation, particularly behind
the brush layer.

Figure 75. Willow development from brush layers in
Fall of 2001.

By the Fall of 2001, the willow brush
layer was well established. The
grass seeding had taken hold and
survival of the vegetation mats and
transplanted spruce and birch was
near 100% (Figure 75). By 2005,
only the willows along the shoreline
remained. Most of the vegetation
mats and transplanted spruce and
birch had died due to increased ATV
access.
Fire pits had been
constructed at sites that were well
vegetated in 2001 (Figure 76 and
77).

Summary

Figure 76. Island Lake in 2005 showing opened access
road and loss of vegetation mats and transplanted
spruce.

Initial vegetation development was
lost due to vehicle access. Wooden
bollards were not effective and
appear to require maintenance.

Figure 77. Island Lake in September of 2005.
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Swiftwater Creek—Culvert Removal and Bank Restoration
Project Location
Swiftwater Creek is a tributary to the Little Susitna River and is located within Wasilla,
Alaska. The creek is crossed by Seitze Road and is within section 18 of Township 18
North, Range 1 West of the Seward Meridian.
Site Description and Reference Condition
Swiftwater Creek is a tributary to the Little Susitna River, which flows directly into Cook
Inlet. Total stream length as shown on the U.S.G.S map (1:63,000 scale) was estimated
at 9.9 km. The headwaters within the Talkeetna Range are at 1,006 m and at 869 m at the
Little Susitna River. Total slope is calculated to be 0.088. Swiftwater Creek is a clearwater stream and second order stream (Strahler 1967) at Seitze Road. Stream slope
calculated from the U.S.G.S. map is 0.03 above the road crossing and 0.02 below.
Physical Characteristics
Reference stream channel characteristics were calculated from surveys of four crosssectional transects (20 meter intervals) approximately 100 m upstream of the road
crossing. Surveys were conducted in August of 2004. The resulting data are shown in
Table 13. Channel sinuosity (<1.2 USGS maps) and entrenchment ratios are low.
Although the channel is entrenched stream widths are wider than expected with high
ratios of width to depth. The entrenched stream channel is contained within low (1 m
high) terraces 8 to 10 meters wide (Figure 78). Stream slope was near those calculated
from the U.S.G.S. map.
The stream substrate is primarily coarse grave (16 to 64 mm) and cobble (64 to 256 mm)
with very little medium to fine gravel (8 to 16 mm) (Figure 79). The critical grain size,
particle size in motion at bankfull flows, was calculated using the equation of Kaeppesser
(1985). Critical grain size for the reference reach (average of the four transects) was 26.7
mm. When compared with substrate size distribution, less than 20 percent of the particles
were smaller, which indicates that the bed material is larger than expected. This can
represent a channel that is not in equilibrium and is aggrading (Kaeppesser 1985);
however, larger than expected particle size in streams within this region (Davis and
Muhlberg 2002) is common and may reflect glacially deposited or glacial flow deposited
material. Many of the large gravel sized material were covered with moss, which also is
an indication of streambed stability.
Biotic Characteristics
The riparian vegetation from 0 to 5 meters was classified as closed tall alder-willow scrub
beyond which there was a closed spruce-paper birch forest, with the occasional balsam
poplar (Figure 80). The large woody debris index was moderate at a score of 301 per 100
m, from 3 individual pieces and 3 debris dams within the sampling reach. For
comparison the LWDI for a reference site on Willow Creek was 580, and 400 to 600 for
reference sites on Wasilla Creek (Davis and Muhlberg 2002) and 80 to 100 for impacted
sites on Chester Creek in Anchorage (Davis and Muhlberg 2001).
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Macroinvertebrates were sampled both above and below the stream crossing using the
ASCI methods (Major et al. 2001).
The fish community was sampled by capturing fish in baited (salmon roe) minnow traps.
Two traps were placed within the reference reach and two traps in the culvert outlet pool.
The traps were allowed to soak for two hours. Juvenile coho salmon (Oncorhynchus
kisutch) were the only species captured. Eleven juvenile salmon were capture below the
culverts and 13 captured above. The size distribution is shown in Figure 81. Although
the sample size was small there appeared to be two age classes below the culverts and
one above.
Table 13. Physical stream channel parameters at reference and impacted locations on Swiftwater
Creek.
Upstream Reference
T1 (0 m) T2 (20 m)
T3 (30 m) T4 (40 m)
Bankfull Width (m)
3.6
4.2
5.1
6.5
Bankfull Depth (m)
0.264
0.276
0.142
0.24
Height at 2* BF (m)
96.169
96.62
96.907
97.44
Width at 2*BF (m)
3.8
7.7
6.0
11.1
Entrenchment Ratio
1.06
1.83
1.18
1.71
0.490
0.654
0.448
0.739
Area at BF (m2)
Average Depth (m)
0.136
0.156
0.088
0.114
w/d ratio
26.4
27.0
58.0
57.2
Water Surface ht. (m)
95.824
96.247
96.723
97.140
Slope
0.022
0.022
0.022
0.022
Below Culverts
Bankfull Width (m)
Bankfull Depth (m)
Height at 2* BF (m)
Width at 2*BF (m)
Entrenchment Ratio
Area at BF (m2)
Average Depth (m)
w/d ratio
Water Surface ht. (m)
Slope

T1 (4 m)
13.0
0.400
98.810
>26
>2
1.077
0.08
157
98.190

T2 (6 m)
7.9
0.073
98.268
10.5
1.33
0.385
0.05
162
98.183
0.00

T3 (13 m)
5.7
0.286
98.251
>9
>1.58
0.698
0.12
47
97.811
0.045
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T4 (20 m)
5.4
0.389
98.138
>12.5
>2.31
0.959
0.18
30
97.573
0.047

Heig h t (m)

99
98.5

T4 at 60 m
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Figure 78. Cross-sectional transects from reference reach of Swiftwater Creek.
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Figure 79. Substrate size distribution was the same at the reference site and below the road crossing.
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Figure 80. Photograph of reference reach of Swiftwater Creek showing riparian vegetation of alders,
willows and the spruce-birch forest.
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Figure 81. Size distribution of juvenile coho salmon captured in baited minnow traps.

Pre-Project Evaluation
The Alaska Department of Fish and Game conducted a survey of road culverts within the
core area of Wasilla and Palmer in 2000 (S. Albert, personal communication). The road
culverts at the Seize Road crossing of Swiftwater Creek were determined to be juvenile
fish-passage blockages. The stream currently (August 2004) flows under the road
76

through three 48 inch diameter corrugated metal pipes (Figure 82). The invert of the
southern (left bank) culvert as measured in August was 0.41 m above the stream bed
directly below the culvert, 0.26 m above the streambed at the pool outlet control and 0.20
m above the pool water surface.
Physical Characteristics
Stream channel geometry is altered at the culvert outlets and stream ford (Figure 82).
Stream channel width and depth increased at the outlet pool relative to the reference
channel. Ratios of width to depth are 6 times greater than the reference channel. The
stream banks have been removed increasing the entrenchment ratio. The low terraces
also are absent at the stream ford site. The culverts and resulting outlet pool has modified
stream slopes; however, the substratum size distribution has not been affected.
Biotic Characteristics
The riparian vegetation is absent to 6 m below the road culverts on both banks (Figure
83). Large woody debris is absent from this portion of the creek and likely is due to the
loss of lateral input due to the ford, and upstream transport due to the culverts. There
may be some differences in the fish population which could be explained by the presence
of a juvenile fish barrier; however, the fish sample size is too small to make any
definitive conclusions.
There were no differences in the invertebrate community above and below the culverts.
The community at both sites was dominated by the dipteran, Pericoma, a collector and
gatherer found in depositional areas along stream margins.

Figure 82. Seize Road crossing of Swiftwater Creek in August of 2004 showing perched culverts and
stream ford.
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Figure 83. Stream cross-sections below the culverts showing the alteration in channel geometry at
transects 1 (mid outlet pool) and 2 (pool outlet control).

Restoration Design
The stream restoration project was designed by engineers at the National Resource
Conservation Service, and U.S. Fish and Wildlife Service. The road culverts will be
replaced with a bridge and the stream channel beneath the bridge and downstream will be
reconstructed to reflect the reference channel. The ford will be blocked and riparian
vegetation reestablished through transplanting dormant cuttings and vegetation mats.
Project Construction
The project was constructed in the Summer of 2005.
Project Evaluation
Post project evaluation data has been collected and will be included in the next update of
this report.
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Cottonwood Creek Culvert Removal
Project Location and Description
Cottonwood Creek is located within the Matanuska-Susitna Valley and drains directly
into Cook Inlet. The project is located at the end of North Barry’s Resort Drive accessed
from Bogard Road, within section 33 of Township 18 North, Range 1 East, of the Seward
Meridian. The stream supports anadromous coho (Oncorhynchus kisutch) and sockeye
salmon (Oncorhynchus nerka), and rainbow trout (Oncorhynchus mykiss). One of the
major factors influencing the fish community within Cottonwood Creek is migration
barriers to spawning, rearing, and juvenile over-wintering areas. Upstream habitat
consist of approximately 5.5 miles of stream and 6 lakes with an additional 10 miles of
shoreline habitat totaling over 357 acres of surface area.

Pre-Project Evaluation
Two culverts (side by side) were
identified through a drainage-wide
survey as potential blockages (Albert
and Weiss 2001) (Figure 84). PreProject evaluation (July 2001) at the
culvert location included a Level 1
qualitative survey with Level 2
measurements taken for selected
parameters including cross-sectional
morphometry and water velocity.
Pre-project culvert survey elevations
were obtained through the basinwide culvert survey (ADF&G 2001).
A Level 1 survey also was conducted
at a reference location on the same
stream.

Figure 84. Cottonwood Creek culverts prior to
removal in July of 2001.

Pre-project water velocities were measured at the culvert inlet and outlet at 0.6 times
depth with a Price mini (pygmy) velocity meter and top-set rod. Velocities within the
two culverts were derived using the FishXing program (Version II, San Dimas
Technology and Development Center) and measurements of culvert size, length, slope,
and downstream hydraulic control, for three different discharge estimates. Post-project
velocities were measured concurrent with cross-sectional surveys described below.
Stream morphological parameters were determined from two (pre-project) or three
transects located above, below, and within the restored reach. A measuring tape was
stretched across the stream and elevations were measured at approximately 20-cm
intervals using a laser level and leveling rod. Elevations were relative to a benchmark,
which was located at the corner post of an adjacent fence.
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Stream substrate size distribution was estimated. Vegetation cover along the stream
margin was determined through fixed-point photography and community composition of
the riparian zone was documented by classification of distinct zones based upon the
vegetation classification of Vireck et al. (1992).
The pre-project evaluation revealed water velocities that would block the upstream
migration of juvenile coho salmon (55-mm fork length) (Table 14). The FishXing output
indicated that both culverts presented velocity barriers to fish at the design discharge of
0.34 m3/s (12 cfs), which was near the 0.28 m3/s (10 cfs) measured in September (Table
15). Mid culvert water velocities exceeded 1.2 m/s (4 feet per second). Measured inlet
velocities were near those calculated by FishXing.
Table 14. Right and left culvert input parameters for Cottonwood Creek
Right Bank Culvert
Culvert Installation Data
36 in Circular
Culvert Type:
CMP (5 X 1 in corr.)
Construction:
At Grade
Installation:
20.3 ft
Culvert Length:
0.39%
Culvert Slope:
0.025
Culvert Roughness Coefficient:
89.79
Inlet Invert Elevation: ft
89.71 ft
Outlet Invert Elevation:
0.5
Inlet Headloss Coefficient (Ke):

Left Bank Culvert
36 in Circular
CMP (5 X 1 in corr.)
At Grade
22.8 ft
1.93%
0.025
90.1 ft
89.66 ft
0.5

Table 15. Stream channel characteristics at three transects prior to (July) and following (September)
culvert removal.
Cottonwood Creek
Channel Characteristics
Transect 1 (0.5m)
July

Sept

Transect 2 (5m)
July

Sept

Transect 3 (10m)
July

Sept

Width (m)

4.2

4.25

NA

4.10

6.14

5.4

Mean Depth (m)

0.25

0.13

NA

0.12

0.29

0.10

w/d ratio

16.63

32.10

NA

32.98

20.98

51.78

Area (m )

0.96

0.59

NA

0.33

1.22

0.51

Perimeter (m)

4.28

4.32

NA

4.12

6.20

5.41

Radius (m)

0.22

0.14

NA

0.08

0.20

0.09

3

Discharge (m /s)

NA

0.28

NA

0.28

NA

0.28

Slope
Velocity (m/s)*
Manning's n

NA
1.4/0.9
NA

0.0084
0.478
0.051

NA
NA
NA

0.0084
0.844
0.0202

NA
1.7/0.3
NA

0.0084
0.552
0.365

2

*July data are culvert inlet/outlet velocities and September data are discharge/area.
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Restoration Design
Based upon pre-project evaluation, the primary project objective was to reduce water
velocities so that juvenile coho salmon could pass through this stream section. The
design called for the removal of the
culverts, thereby increasing stream
cross-sectional area and roughness
resulting
in
reduced
water
velocities. Stream crossing would
be provided by a foot-bridge.
Secondary objectives were to
construct a channel with similar
morphology and substratum to
reference sites and to reestablish
riparian vegetation. The toe of the
stream banks would be held in
place with coir logs. Riparian
vegetation would be reestablished
with
three
brush
layers,
85. Cottonwood Creek culvert removal July 13,
cottonwood live stakes, and Figure
2001.
riparian seeding.

Project Construction
The culverts were removed and the stream banks restored in July of 2001 (Figure 85).
Moore’s Landscaping was the contractor.

Post-Project Evaluations
Qualitative evaluation at Level 2 was conducted in August of 2001 and a qualitative,
Level 1, evaluation in July of 2005.
Non-Biological Structures
Non-biological structures for this project was limited to coir logs placed at the toe of the
stream bank slope on both sides of the stream and two layers of coir fabric. The coir logs
were placed at grade and were held in place with wooden stakes and backfilled with
topsoil. Three soil wraps with brush layers extended up the bank. The soil wraps were
constructed of two layers of 100% coconut
fiber. Specifications and post-project survey
elevations are shown in Table 16.
Biologic Structures
Dormant plant cuttings were the primary
biological structure used in the project.
Cuttings were used for the brush layering as
shown in Figure 86. The cuttings were
black cottonwood (Populus trichocarpa) and
were collected during the previous winter
and stored frozen. The stem diameter of the
Figure 86. Construction of brush layers.
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cuttings was not measured but was approximately 2.5-cm on average. Cuttings were
roughly 1.5-m long with 0.75 of the length placed below ground at a density of 100/m
after having thawed for less than 48 hours. No fertilizer was used and the stems were
watered after planting but not again. Table 17 shows the relative height of each layer to
ordinary high water and percent survival after 2 months.
Table 16. Specifications for non-biological structures with elevations from first post-project
evaluation.
Specifications
Coir Log
Soil Wrap (Outer)
Soil Wrap (Inner)
Material
Coconut Fiber
Coconut Fiber
Coconut Fiber
Length (m)
7
7
7
Width or Diam. (m)
0.20
2.4
0.20
Manufacturer
RoLanka Int. Inc.
RoLanka Int. Inc.
Product Name
BioD-Mat 70
BioD-OCF 30
Placement Date
July 2001
July 2001
July 2001
Elevation* (m)
Rt. Lower
98.8
99.2
Rt. Top
99.6
Lt. Lower
98.8
99.2
Lt. Top
99.7
* Elevations relative to assumed 100-m at benchmark.

Table 17. Elevation (m) of brush layers above ordinary high water (OHW) and percent survival per
linear meter.
Right Bank
Layer Elev. above OHW
# Alive
# Dead
Percent Survival
1
0.31
29
7
80.56
2
0.5
51
15
77.27
3
0.8
68
7
90.67

Layer
1
2
3

Left Bank
Elev. above OHW
0.31
0.4
0.7

# Alive
42
47
59

# Dead
12
20
10

Percent Survival
77.78
70.15
85.51

Ecological Structure
Following culvert removal water velocities decreased substantially at both the upstream
and downstream transect locations (Table15). Mean water velocities within the restored
reach were still fairly high; however, there were areas of considerably lower velocities,
particularly along the right bank where velocities of 0.03-m/s were measured. Juvenile
fish were not sampled following the culvert removal; however, spawning adult coho
salmon were observed throughout the restored section of stream. Both the upstream and
downstream scour pools began to fill with substrate following culvert removal (Figure
87). This reduction in stream depth without a corresponding reduction in stream width
resulted in an increase in ratios of width to depth.
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The unmodified riparian vegetation both
upstream and downstream was composed
of patches of closed (canopy of 60 to
100% cover) tall alder shrub and closed
black cottonwood forest. Planted riparian
vegetation was primarily cottonwood and
extended 1-m laterally from ordinary high
water (Figure 88). The three-cottonwood
brush layers extended vertically from
ordinary high water to 0.7 to 0.8 m.
Percent
survival
of
the
planted
cottonwoods ranged from 70% to 90% 2months following planting. Plant survival
was lowest for the middle layer on both
banks and may be due to a combination of
elevation above OHW, soil compaction,
and shading.

Figure 87. Photographs taken from photo
point located downstream of restored reach
one week following design implementation

Based upon data collected in 2001, the
culvert removal met the project objective
of reducing water velocity to allow
juvenile fish passage. Even lower water
velocities could have been achieved within
the restored reach by increasing stream
depth and thereby cross-sectional area.
Future projects should consider the
potential for an increase in width depth
ratios at the upstream and downstream
scour pools begin to fill with sediment.
2005 Qualitative Evaluation
In July of 2005 there did not appear to be
any change in stream bed substrate at the
site. Channel elevation had not modified
and the coir logs were still in place. The
poplar and willow brush layers were well
developed and appeared stable (Figure
89). The coir logs were covered in mosses
and the roots from the willows appeared to
be have penetrated the material.

Figure 88. Photograph of riparian vegetation
at restored reach 2-months after culvert
removal.

Summary
The project design was not followed as
plans called for the use of felt leaf willow
and that the coir logs be partially buried.
Figure 89. Cottonwood Creek bank vegetation in
July 2005.
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Wasilla Creek—Bridge Replacement
Project Location
The project is located at the George Parks Highway Crossing of Wasilla Creek. The
bridge crossing is at approximately mile 37.8 within section 17 of Township 17 N, Range
1 E., of the Seward Meridian.

Site Description and Reference Condition
The physical, chemical, and biotic characteristics of Wasilla Creek have been described
previously (Davis and Muhlberg 2002). Wasilla Creek flows approximately 44 km south
from the Talkeetna Mountains to the Knik Arm of Cook Inlet. Wasilla Creek is a 3rd
order stream. The bankfull channel is 5 to 6 meters wide with an average depth of 0.25
m. Water surface slope at the project site prior to construction is 0.6%. Substrate D50
was 20 mm. The riparian vegetation at adjacent reference sites is composed of a small, 2
to 5 meter zone of closed tall alder scrub followed by closed spruce birch forest.
In 2003 this section of the George Parks Highway was reconstructed and the bridge
replaced (Figure 90). The original bridge abutments were partially within the channel
and road construction and bridge construction required some additional work adjacent to
the stream channel.

Pre-Project Evaluation
Following the bridge replacement,
the stream banks under the new
bridge we devoid of vegetation.
The banks were composed of
unconsolidated soil.

Restoration Design
The project design called for
streambank toe stabilization with
large rock. Coir logs were to be
placed on top of the rock with one
row of willow brush layers. The
remainder of the bank would be
vegetated with grass seeding.

Figure 90. Temporary bridge (foreground) and Parks
highway bridge in 2001 prior to road construction.

Project Construction
The project was constructed in 2003 by the road contractor. The road construction crew
collected and stored dormant cuttings.

Post-Project Evaluation
The project site was qualitatively evaluated in July of 2004. The physical structures, toe
rock and coir logs were in place and appeared stable. The plastic shipping material had
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not been removed from the coir logs prior to placement. The rock toe appeared to be
functional in that the stream bank was stable. Coir logs generally are used to provide toe
protection in small streams, and to provide a base for vegetative treatments. In this case
it appears that the coir log was used to limit the erosion of top soil until the seeded grass
became established.
Brush layer and grass seeding were the biotic structures used in this project. Brush
cuttings did not survive. The failure of the brush cuttings to become established is
unknown, but is likely due to the collection of inappropriate plant species or the material
handling. Some of the cuttings appeared to be alder which can not be established using
this method. The grass seeding was well established.
The project was not successful in
restoring the stream and riparian
physical and biotic characteristics.
The steam channel substrate had
been modified to include large
angular rock. The channel appeared
wider and shallower than reference
sites. The banks were low with no
undercut (Figure 91).
The
characteristic alder or willow scrub
layer had not been restored. The
lack of willow survival did not
appear to be due to light limitation
under this bridge, primarily due to
the bridge height.

Figure 91. Wasilla Creek beneath the Park’s
Highway Bridge in July of 2004.

Summary
The coir log was not installed correctly. It was placed in the wrong location and the
plastic shipping material was not removed. Poor willow survival was likely due to
species collection and handling. Non-dormant alders were collected by the road
construction contractor. Some professional oversight of road construction crews appears
necessary.
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Wasilla Creek—Alaska Railroad Corporation Bridge
Project Location
The project is located on Wasilla Creek at the Alaska Railroad Corporation (ARRC)
Bridge Crossing. The site is accessed from the George Parks Highway at the Hyer Road
exit, and is on the west west side of the highway.
Site Description and Reference Condition
The project site and Wasilla Creek reference conditions have been described in detail
previously (Davis and Muhlberg 2002). The project site is located within Station 6 of the
previous work and reference data is taken from Station 7.
Physical Characteristics
A reference site for stream channel geometry and riparian vegetation was selected just
downstream from the ARRC bridge. Channel width on average was 5 m with a depth of
0.26 m and a width to depth ratio of 19. Water surface slope was 0.008. Substratum D20
was 14 mm, D50 30 mm, and D80 48 mm. Large woody debris was common with an
index of over 800 based upon 10 individual pieces and 7 debris dams within 100 m.
Biotic Characteristics
The riparian vegetation was composed of zone of alders and willows up to 5 m wide
followed by the closed birch and spruce forest.
Pre-Project Evaluation
Physical Characteristics
Average stream channel width at station 6 was 5.6 meters and channel depth 0.23 m with
a width to depth ratio of 25. Stream water surface slope was 0.006. The substratum D20
was 2 mm, D50 20 mm, and D80 of 60 mm. Banks were undercut on average 0.20 m.
Large woody debris and debris dams were common in this reach with a large woody
debris index score of 528 based upon 5 individual pieces and 6 debris dams.
The stream channel was 5 to 6 m wide just upstream of the trestle crossing. Stream banks
were composed of bridge approach fill. Two sets of six creosote-timber piers were
within the channel and an additional set of six cut off piers (Figure 92).
Biotic Characteristics
The riparian vegetation at the upstream end of station 6 had been removed. The area had
been cleared for a used car lot and a log bridge crossed the stream connecting two
separate parking areas. Downstream of the car lot and upstream from the ARRC trestle,
the banks were vegetated with alders. The band of alders characteristic of Wasilla Creek
were absent at the railroad crossing location.
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Restoration Design
The
project
was
constructed
following the railroad bridge
replacement. The ARRC replaced
the creosote timber trestle with a
steel-pier, concrete ballast railroad
bridge.
Stacked coir logs were used to
provide the support and elevation for
the reconstructed left and right
banks. Brush layers of dormant
willow cutting were placed between
and above the coir logs. Alders were
transplanted behind the willow brush
layers along with riparian seed mix.
Project Construction
The piers were removed and the new
bridge constructed by the ARRC in
the summer of 2002. The bank
reconstruction work was conducted
following the bridge replacement. Figure 92. ARRC trestle over Wasilla Creek in 2001
Bank
reconstruction,
alder looking upstream.
transplants, and willow collection
was
completed
by
Moore’s
Landscaping.
Post-Project Evaluation
Qualitative, level 1, post-project
evaluation was conducted in July of
2004.
Both banks had been
reconstructed as designed extending
from approximately 10 m upstream
to just below the bridge piers. The
physical project structures included
the coir logs on both banks. The
bottom coir log was placed on the
stream bed and secured in place with
wooden stakes. Both sets of coir Figure 93. Upstream left bank in 2004 showing stacked
logs were stable with no signs of bed coir logs and willow brush layers.
or bank erosion. Moss had colonized the lower coir logs.
Two willow brush layers, transplanted alders, and riparian grass seed constituted the
project biotic structures. Two years following construction, the willow brush layers were
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surviving. It appeared that willow survival was greater on the upper layer relative to the
lower (Figure 93). The survival of transplanted alders was low with an estimated
survival rate of 10% (Figure 94). Survival likely was affected by the type of soil, which
was the gravel fill of the bridge abutments.
The physical characteristics of the post-project site were similar to the reference site.
Creosote-treated timbers had been removed from the channel; however, these were
replaced with steel piers. The stream channel was wider and shallower than the adjacent
channel above and below the bridge crossing and at the reference channel. The use of
coir logs resulted in the loss of bank undercut.
The bank reconstruction was successful at restoring the nearshore shrub community.
Vegetation; however, beyond this one to two meter zone had not moved toward the
mixed spruce and birch forest. Full restoration of the riparian plant community is
obviously limited due the rail bed and bridge abutments.

Summary
Willow survival between the stacked coir logs appears low. The lower coir log was not
buried. The survival of transplanted alders was low, but may be due to the soil in the
bridge abutment.

Figure 94. ARRC bridge in July 2004 showing the restoration of near-shore willow shrubs and low
survival of transplanted alders.
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Discussion
While we investigated and inventoried many of the projects that have been installed throughout
the Matanuska-Susitna Borough, we are aware of a number of projects that were not evaluated
and are certain that there are others that we are unaware of. Those not included are shown in
Table 18.
Table 18. Partial list of completed restoration project not addressed in this study.

Location

Project Type

Estimated Construction
Date
Fish Creek—Knik Goose Bay Bank restoration following road 2004
Road
construction.
Willow
Creek—Park’s Bank restoration following road 2004
Highway
construction.
Little Susitna Tributary (near Culvert removal/bank restoration. 2004
Houston)
Jim Lake to Jim Creek
Portage improvement
2000
Little Susitna River—Public Bank restoration below launch and 2000 and 2001
Access
at campgrounds upstream.
Wasilla
Creek-Pederson Large wood addition.
2000
property
Wasilla
Creek—Grantham Bank restoration following road 2001
Road
construction.
Wasilla Creek—Hyer Road
Bank restoration following road 2001
construction.
Bodenberg Creek—Multiple Bridge Replacement
2000
Locations
Cottonwood
Creek— Culvert Replacement
2004
Settlement Avenue
Among the restoration projects evaluated, the most common cause of bank degradation was
related to vehicle traffic (Table 19). The types of vehicle traffic included ORV fords, streetvehicle fords, highway, and railroad stream crossings. For streams, bank erosion caused by
residential land clearing was the next most common site for restoration projects. Foot traffic
associated with recreational access was the most common site for restoration activities on Lakes.

Addressing Causes
Elevated light-penetrating walkways, hardened trails, fencing or barriers, and bridges were all
used to address foot and vehicle traffic affects to bank vegetation and stability. Bridges were not
totally successful at removing vehicle traffic from streams.
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Table 19. Summary of restoration project physical and biological characteristics by location.

X
X
X

X

X

X
X
X
X

X
X

X
X

X

X
X
X
X
X

X

X

X

X

X
X

X

X

Seeding

X

X
X

Vegetation Plugs

X
X

Vegetation Mats

X

Brush Layers

Log Cribbing

Logs

Rock

Walkway/Bridge

Coir Logs

Root Wads
X
X
X
X

X

X
X

Grass Rolls

X
X
X

Biotic Structures

X

X
X

X
X

X
X
X
X

X
X

X

X

X

Boat Wakes

Commercial

Residential

X
X
X
X

X
X

Physical Structures

Fencing/Barriers

X
X

Vehicle Traffic

Foot Traffic

Lake

Causes

Spruce-tree Revetment

Chijik Cr.
Cottonwood Cr.
(Trapper Creek)
Moose Cr.
Montana Cr.
(Thomas)
Sawyer Cr.
Willow Cr. (Mouth)
Willow Cr. (Pioneer)
Willow Cr. (Resort)
Willow Cr.
(Lapham)
Willow Cr. (Delcup)
Swiftwater Cr.
Cottonwood Cr.
(Wasilla)
Wasilla Cr. (Parks
Hwy)
Wasilla Cr. (ARRC)

3rd/4th Order Stream

2nd Order Stream

Stream Size

X
X

X
X
X

X
X

X

X

X

X

X

X
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X

X

X
X

X
X

X

X

Deshka R.
Big Lake
Island Lake
Finger Lake

Stream Size
X
X
X
X

Causes
X
X
X

X
X
X

Physical Structures
X
X
X
X
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X

Biotic Structures
X X
X
X X
X
X X

X
X
X
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Bridges constructed at Chijik Creek and Cottonwood Creek on Oilwell Road did not eliminate
ATV traffic as some ridesr apparently preferred the stream ford. For these sites, additional
barriers were required. The seasonal fencing used at Chihik Creek appears to be successful but
will require annual maintenance. The large rocks and logs used at Cottonwood Creek have
effectively eliminated stream fording. ATVs also continue to cross Wasilla Creek at the Parks
Highway. There are three vehicle bridges at this location; however, operation of ATVs on these
bridges is illegal, contributing to continued fording. Alternatively, bridge construction at Sawyer
Creek eliminated the ford used previously to access residential homes. The loss of bank material
and vegetation under the bridges at Sawyer, Chijik, and Cottonwood Creeks limited riparian
vegetation restoration to those damaged areas above and below the bridge crossing.
Elevated light-penetrating walkways were used at three locations. The design objectives for
walkways are to allow both foot traffic and light for riparian plant growth. The walkway at the
mouth of Willow Creek did not meet these objectives. Foot traffic at the mouth of Willow is
associated with the sport fishery. Willow Creek discharges into the Susitna River through
multiple channels. The restoration project and road access are located on the southern most
channel. Fishers walk or fish while moving up the stream bank and wade across the stream to
reach the other channels. The walkway at this location was not constructed as designed, but
located 3 to 4 meters from the waters edge with three locations where the walkway overhangs the
bank. There are no stairs or other means to enter the channel from the walkway. Therefore, the
walkway was not constructed at locations to accommodate the users resulting in continued bank
trampling of riparian vegetation. Temporary construction fencing was used initially with
moderate success to divert traffic to the walkway. At Pioneer Lodge, split-rail fencing is
effectively used to direct foot traffic to three separate decks one of which has stair access to the
river. At Willow Creek Resort, continuous cantilevered decking protects the entire shoreline
from foot traffic. The walkways were partially or totally supported by steel piers. One of the
walkways (Pioneer Lodge) had become unstable as bank undercut removed the support under
one of the piers.
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Figure 95. Percent light transmission for extruded
metal and metal grating.
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grating placed 4 and 8 inches above the ground, respectively. The percent of total daily solar
radiation received increased when the steel bar grating was placed 18 inches above the ground
allowing low angle sunlight to pass below rather than through the grating. Although light
penetration was less than design values, vegetation growth was apparent under all of the
walkways in this study, although less than 100% ground cover at one site. Light penetrating
walkways were effective at allowing pedestrian access and maintaining bank vegetation.

Physical Structures
Coir logs and Root Wads were the most common physical structure used to provide bank
stability and to support vegetative treatments. Both root wad and coir logs are designed to be
partially buried to provide bank toe protection and extend up to ordinary high water to allow
survival of reintroduced riparian plants. Therefore, the use of coir logs is limited to areas of very
low bank slope (inside bends) or low bank height (< 20 to 30 cm), and lake shorelines. Among
the sites investigated coir logs were used primarily on smaller, 2nd order streams. Coir logs also
were used on a side channel of Willow Creek, the mouth of Willow Creek on an inside bend, and
the mouth of the Deshka River.
Restoration design plans often called for partial or complete burial of the coir logs; however, this
rarely occurred. Coir logs were usually staked in place at grade. At the Park’s Highway
crossing of Wasilla Creek the coir log was placed without removing the shipping material and
was approximately 1 meter from the stream bank. Partial or complete burial of coir logs
increases toe protection, particularly in recently deposited fine material at sites of eroding banks.
Burial also increases the water content within the coir material and provides a better site for plant
colonization. Although not installed as designed, all of the coir logs observed were stable and
remained in place.
Root wads were used at 7 locations most of which were on the larger streams. Root wads were
used at 4 different sites on the 4th order Willow Creek and at two sites on 3rd order streams,
Montana Creek and Moose Creek. Root wads also were installed at the outside bend of a high
bank on the 2nd order Cottonwood Creek (near Trapper Creek). The root wads at all sites were
stable.
Stream bed degradation and the loss of lower stream bank material has been identified as a cause
of bank restoration failure (Karle 2003). Bed degradation and bank undercutting were apparent
at the upstream end of the project at Pioneer Lodge on Willow Creek and at the downstream end
of the Thomas property on Montana Creek. Both of these sites have bank heights over 1 meter
and are on the outside of bends. However, at this time bank sloughing has not occurred at either
of these sites.
Stream physical characteristics often control the biotic community. The lack of pre-project
physical data can negatively affect project success. Knowledge about substrate size relative to
reference sites can help predict post-project bed movement. Bedload movement and degradation
can occur under lower tractive forces when nearshore substrata are composed of recent fine bank
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deposits. Unnaturally high banks at Pioneer Lodge and Montanan Creek may influence bed
scour during high flows and lead to rapid bank undercutting. Bank heights are often modified
during site development and higher banks can result in greater water depths and higher bed
tractive forces with increasing flows relative to banks that overtop during high water events.

Biotic Structures
Transplated vegetation mats and willow brush layers were the most commonly designed and
installed biotic structures. Transplanting vegetation mats is the process by which large blocks of
vegetation and the underlying soil are transplanted from one location to another similar to laying
sod (Muhlberg and Moore 1998). Correctly installed vegetation mats are a relatively simple and
effective method of restoring bank vegetation communities (see Cottonwood Creek near Trapper
Creek). The installation of vegetation mats, however, is often left to individual land owners to
be accomplished as in-kind grant matching funds. The resulting installation is often not
accomplished, or is inadequate.
Vegetation mats at the Thomas property on Montana Creek were collected from under a power
line in the early spring prior to the ground thawing completely. Therefore, only the upper
organic soil layer was removed. The plant community at the transplant site was composed of
grasses and fireweed with none of the shrub or plant species common in the mixed birch spruce
understory. Vegetation mats, were partially installed at Sawyer Creek and Willow Creek Resort
and not installed at the Lapham property on Willow Creek. At the mouth of Willow Creek
flooding often occurs during high Susitna River flows. As a result of the frequent inundation the
riparian community is composed of Calamagrostis meadow. Transplanted vegetation mat at this
site were obtained from the mixed birch and spruce understory, placed in isolated patches, and
did not survive.
Professional installation or oversight may be necessary for successful vegetation mat installation.
For vegetation mats to be effective, the plant community harvested must reflect the community
expected at the transplant site. Vegetation mats were the only treatment on the inside bend at
Cottonwood Creek near Trapper Creek and were installed with the direct involvement of U.S.
Fish and Wildlife personnel. The vegetation mats at the Cottonwood Creek site have effectively
replaced the nearshore riparian vegetation community commonly observed along this stream.
There was a high success rate with willow brush layering; however, survival appears to be
affected by available sunlight, increases with number of stems used, and appears to be greater for
larger (> 2.5 cm) stems. Total lack of survival of dormant willows transplanted by brush
layering occurred only at one location (Wasilla Creek at the Park’s Highway) and was due to
incorrect species collection and handling. Two sites (Willow Creek Resort and Sawyer Creek)
successfully used willows collected from alpine regions when regional willows were no longer
dormant.
The percent survival of dormant willows transplanted as brush layers was greater for the upper
relative to lower layers after one year. At Pioneer Lodge, percent survival ranged from 20 to
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50% for the bottom and top layers, with 31 to 46 living stems per meter, respectively. Similarly
percent survival was significantly higher (p = 0.04, student t-test on log transformed data) for the
upper layer at 92 and 80 percent for the upper and lower layers, respectively. The higher
survival at Willow Resort may be due to the lower initial density as the average number of living
plants per linear meter was 10 for the lower and 8 for the upper layer. In 2004, after 4 seasons,
the number of living willows per meter at Pioneer Lodge was similar at 5 for the bottom and 12
for the top layer. At Willow Resort, the low density of willows after one year of growth results
in a large amount of exposed soil; however, at Pioneer Lodge, after 4 years of growth ground
cover is complete.

Ecological Structure and Function
Restoration projects in the Matanuska-Susitna Borough were undertaken to restore bank and
riparian vegetation. The streams investigated flow through the closed mixed birch and spruce
forest dominant throughout the Borough. The birch spruce forest extends to the waters edge
where banks are approximately 1.5 meters high or higher. Lower banks (0.20 to 1.5 meters) are
often vegetated by a closed tall alder scrub or a mixed alder and willow scrub. More frequently
inundated banks often are vegetated by a Calamagrostis meadow with a zone of sedges at the
waters edge where bank slopes are low.
Restoration projects when designed to address the causes of vegetation loss and when
constructed as designed have been effective at restoring the nearshore tall scrub community.
Grass rolls have been used on one site to restore the Calamagrostis zone. Among the projects
investigated to date, we have been less successful at restoring or promoting the restoration of the
forested regions lateral to the scrub zone. Vegetation mats are often the design feature used to
restore the forested area, and our failure may be due to poor installation. Vegetation mat taken
from the birch and spruce forest should contain some seedlings of both species. Direct
transplants have effectively been used (Finger Lake) and may need to be included within future
designs.
Limited pre-project biological data have been collected making evaluations difficult. The
macroinvertebrate communities at both Willow Resort and Pioneer Lodge were ranked good to
excellent using the ASCI methods. This is an improvement compared to measures of
invertebrate community composition at impacted sites within Willow Creek. Fish sampling was
not conducted prior to restoration efforts at either of these sites; however, fish were readily
captured at both locations following restoration. Similarly at the mouth of Willow Creek
macroinvertebrates and fish were virtually absent prior to bank restoration.

Summary
Based upon the observations and information collected through this study, the following
conclusions were made;
• Inadequately address the cause of degradation is one of the leading causes of project
failure.
• Fencing or other barriers are necessary in conjunction with ATV bridges to eliminate
stream fords.
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Additional work is necessary to determine factors that allow for revegetation beneath
bridges.
Walkways and barriers in public areas must provide for stream and lake access.
Maximum light penetration through metal grating is near 40% of ambient levels.
Additional information is needed to evaluate causes of bed degredation and how this
affects revegetated banks.
Coir logs should be buried to provide toe protection and conditions that promote
vegetation colonization.
Root fans should be buried so that the header log is at ordinary high water in order to
maximize toe protection and to keep the vegetation above water level.
Willow survival of brush layers is greater for the top layers hypothetically due to
relatively greater light availability. When multiple layers are used bank angles should be
increased to allow more light to reach the lower levels.
Willow survival of brush layers appears to be greater for larger stems.
Willow survival of brush layers peaks at near 100 stems m-1; however, banks well
vegetated by brush layers have near 10 living stems per meter. Additional information is
needed to determine appropriate planting densities.
Professional oversight may be necessary to ensure that vegetation mats containing the
appropriate plant community are selected and that they are installed properly.
Project design and construction needs to consider the vegetation lateral to the nearshore
zone. This could be addressed by including a wider zone of vegetation mats with
transplanted birch and spruce.
The collection of pre-project reference and site specific data needs to be emphasized so
that project objectives can be clarified, to provide a template for project designs, and to
evaluate project success.
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Poster: Measurement of Sunlight Penetration through Three Walkway Decking Materials
for Stream Bank Protection Projects in Alaska
Mary Price, U.S. Fish & Wildlife Service
Introduction
¾ Where popular sport fisheries occur, intense use by shore based anglers causes trampling
of riparian vegetation, leading to bank erosion and loss of prime juvenile salmonid
rearing habitat.
¾ In response, many private landowners and agencies built elevated, light-penetrating
(ELP) walkways along the river banks, which allow for foot traffic while protecting the
riparian vegetation. In the Kenai River drainage, the numerous ELP walkways installed
demonstrate a broad range of successes and failures.
¾ Some monitoring of plant growth has been done under established walkways in limited
areas, but there is a lack of data quantifying the elements of a successful ELP walkway
¾ The Kenai Fish and Wildlife Field Office conducted a study to examine ELP walkways.
The study focused on the two variables that are specifically controlled within Kenai
Peninsula Borough Ordinance 21.18: 1) height above ground; and 2) percent light
penetration through walkway surface
Objective
Evaluate available sunlight beneath ELP test panels installed at different heights above the
ground and constructed from commonly used walkway decking materials.
Methods
¾ Three 4’ by 4’ panels were constructed from each of three materials: 1) steel bar grating,
2) close-mesh fiberglass grating, and 3) 2 x 4 lumber boardwalk, for a total of 9 test
panels. Three panels of each material were installed at three heights above the ground (4,
8, and 18 inches). This array of 9 test panels was duplicated to provide for two
replications of each treatment.
¾ A quantum light sensor installed under each ELP test panel quantitatively measured
photosynthetic radiation. Each replicate had a control; a quantum light sensor installed in
the open under no decking material. Data loggers recorded instantaneous and
simultaneous readings from each quantum light sensor every 10 minutes from August 7
through 19, 2002. Data were modeled using the SAS GenMod procedure.
¾ Steel bar grating is 1” thick and the surface is 81% open space. The fiberglass is 1.5”
thick and 31% open space. The 2 x 4 lumber is 1.5” thick and 24% open space.
Results & Discussion
¾ Mean light penetration through steel decking heights of 4, 8, and 18 inches were 42%,
41%, and 61%; through wood decking it was 10%, 11%, and 33%; and for fiberglass
decking it was 5%, 9%, and 27%, respectively (Figure 1).
¾ Potential sources of error or inaccuracy include interference of dust particles or rain
droplets on quantum sensors, and the influence of occasional shade from an 18” tall test
panel on an adjacent test panel at very low sun angles early or late in the day. The two
replicate arrays were randomly configured so shading affects would have differed
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between them. The data between replicates were compared with a result of an r-squared
statistic of 0.96.

Figure 1.
Future Work
¾ Many other Southcentral Alaska salmon streams are facing increasing use and
development. The potential is high for increasing ELP installation in years to come.
¾ This study was narrowly focused. Many questions remain regarding the construction
variables of ELP walkways to make them more effective for fish habitat protection while
enhancing their usability, safety, and aesthetics for the landowners.
¾ Possible futures studies may focus on: walkway frame thickness; orientation of grating
slats in relation to summer sun angles; or the influence of ground slope on sunlight
penetration underneath walkways.
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Photos:

One replicate of 9 test panels representing 3 walkway surface materials each mounted at 3 heights
above ground. One wooden test panel from the second replicate of the study can be seen at the
left side of this photo. Data loggers are in steel box, and the two quantum light sensor controls
are mounted next to it.
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Clockwise from upper left: 1) steel bar grating, 2) fiberglass grating, 3) 2 x 4 lumber, and
4) quantum light sensor set in ground.
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