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1. INTRODUCTION
The purpose of the Middle Green River Restoration 
Blueprint is to provide a comprehensive, long-term, 
multi-species aquatic habitat restoration plan for 
a portion of the Green River that provides crucial 
habitat for many aquatic and terrestrial organisms 
(including Chinook salmon, which are listed as 
“threatened” under the federal Endangered Species 
Act). The Blueprint covers a 14-mile stretch of the 
Middle Green River between the outlet of the Green 

River Gorge at about (river mile [RM] 46) to the eastern limits of the City of Auburn at about 
RM 32. This area was divided into five reaches, lettered A through E (Figure 1). See section 4.1 
for a detailed description of the reaches. This section of the Green River flows through a broad 
floodplain and corresponds to the Middle Green Valley segment of the Water Resource Inventory 
Area 9 (WRIA 9) Strategic Assessment.

The focus of the Blueprint is on ecosystem process restoration. The Blueprint a vision of what the 
Middle Green River could look like with comprehensive ecological restoration. Existing land-use, 
land ownership, infrastructure, and policy constraints were not considered when developing 
the Blueprint’s Optimal Habitat Corridor condition described in the Blueprint so that all of 
the potential actions that could be taken to restore ecological processes would be identified. 
The only constraints that were considered permanent were Howard Hanson Dam’s effects on 
water diversion, flood control, and retention of wood and gravel from the upper watershed. The 
Optimal Habitat Corridor condition provides a restoration goal toward which to work. More than 
one hundred potential restoration actions were identified that, if implemented, would provide 
incremental progress toward achieving this goal. Many of these actions are located on private 
property and are inconsistent with current land uses or policy directives. Moreover, no projects will 
move forward without the consent and cooperation of landowners, both private and public.

The relatively undeveloped section of the Middle Green River included in the Blueprint provides 
important habitat for many aquatic and terrestrial organisms—including Chinook salmon—that 
are listed as threatened under the federal Endangered Species Act. Current land use in this 
section of the river floodplain consist of agriculture, low-density single-family homes, and public 
ownership under the management of King County Department of Natural Resources and Parks or 
Washington State Parks. 

Although the Middle Green River is less developed than the Lower Green River, and many other 
King County rivers, it is still greatly altered from historical natural conditions. Construction of levees 
and revetments has restricted channel migration and has isolated the river from its floodplain in 
many locations (a levee is an elevated berm on the river bank typically constructed for flood 
control and revetments consist of rock or other hard material placed at the toe and on the face 
of the bank to prevent channel migration). The control of large floods by Howard Hanson Dam, 
completed in 1962, has further reduced channel migration and floodplain connectivity. This has 
led to large reductions in channel area, especially to secondary channels such as side channels 
and floodplain tributaries. Nearly 10 acres of mainstem channel and nearly 60 acres of secondary 
channel have been lost since 1940. Bank erosion has also been greatly reduced. 
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Howard Hanson Dam retains wood and gravel in the upper watershed that otherwise would 
be transported downstream. This has resulted in a “gravel deficit zone” that has been migrating 
downstream from the dam on the order of about 1,000 to 4,000 feet per year since the dam 
was completed (Perkins 2000). The gravel deficit zone now extends from the dam (RM 64.5) 
downstream to somewhere between the lower part of the Green River Gorge (RM 46) and O’Grady 
Natural Area (RM 39.8). When the gravel deficit zone reaches the Metzler-O’Grady reach of the 
river (Green River Natural Area), it will most likely cause a reduction in channel migration and 
side channel formation (instream gravel can promote more complex flow distribution patterns in 
the floodplain), in an area that currently has high ecosystem function and provides some of the 
best remaining aquatic habitat in the Middle Green River. Reduced gravel influx will also lead to 
coarsening and scour of the river bed, which will reduce suitable spawning habitat for salmon in 
this area as well. 

Much of the historical riparian forest of the Middle Green River has been cleared, and non-
native invasive plants have colonized some locations. A mature riparian forest, coupled with 
channel migration, is necessary for natural recruitment of wood to the river. Wood is an essential 
component of aquatic habitat, providing cover and structure for pools to form. The number of 
pools and logjams in the Middle Green River is well below those in more pristine rivers of similar 
size and gradient. 

The Blueprint describes an “optimal” habitat corridor condition that is based on restoration of 
ecological processes and does not consider current land-use, land ownership, and policy directives. 
An optimal habitat condition is described so that all of the potential actions that could be taken to 
restore ecological processes are identified. However, this optimal condition may never be realized; 
actual conditions within the Optimal Habitat Corridor will most probably include a mixture of uses, 
including agriculture, homes, recreation, roads and bridges, and publicly-owned open space.

The Optimal Habitat Corridor includes the river and floodplain within a channel migration zone 
that was delineated by adjusting the historical channel migration zone to the revised flow regime 
of Howard Hanson Dam. The optimal habitat condition within this corridor is characterized by 
a freely migrating river with sufficient logjams and sediment to create and maintain complex 
and diverse habitats. Connectivity between the river and its floodplain would be unconstrained. 
The floodplain would contain abundant secondary channel habitat and be forested with native 
species. The Optimal Habitat Corridor condition is described in detail in Section 4 of the Blueprint. 
This description includes optimal targets for attributes such as the channel migration zone, acres 
of mainstem river and secondary channel habitat, logjam and pool frequency, and riparian forest 
species composition.

Many of the actions proposed in the Blueprint to achieve the Optimal Habitat Corridor condition 
are inconsistent with current farmlands preservation policies or covenants, or may be difficult to 
permit because of recreational boater concerns. Some 1,200 acres of area identified for potential 
restoration actions are located within the King County Agricultural Production District (APD), and 
some 360 acres of this area are on King County Farmlands Preservation Program (FPP) properties. 
Although past farmland preservation has prevented development that might have been 
detrimental to the Middle Green River, recovery of channel migration and floodplain connectivity 
in the Middle Green River will not be possible until existing conflicts between river restoration 
and farming in the channel migration zone are reconciled. Similarly, recovery of in-stream habitat 
for salmon and other aquatic organisms will be difficult without reconciling potential conflicts 
between recreational boaters and placement of wood in the river. 
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Given the constraints described above, current ecosystem process restoration efforts in the Middle 
Green River are mostly limited to lands outside the APD and FPP, and do not include placement 
of wood in the channel in popular recreational boating areas. Therefore, only a small fraction of 
the potential ecological value of proposed restoration can be associated with projects that are 
currently feasible. Projects that are currently feasible include restoration of channel migration 
and floodplain connection in Flaming Geyser State Park, logjam additions in the floodplain near 
actively migrating reaches of the river, invasive non-native plant control, riparian forest restoration, 
and gravel addition to substitute for gravel retained by Howard Hanson Dam. 

Existing constraints on implementation of many projects identified in the Blueprint Optimal 
Habitat Corridor led to development of a “Blueprint implementation plan” which recommends 
a sequence of project implementation consistent with these existing policy constraints. The 
Blueprint implementation plan (described in Chapter 7) identifies an Implementation Corridor 
defined by the widest extent of the floodway, the forested riparian zone, or the severe hazard 
channel migration zone area within the river valley. The Implementation Corridor includes about 
73% of the Optimal Habitat Corridor. Were the Implementation Corridor to be fully restored, 
about 82 % of the lands identified for channel migration and floodplain connectivity projects 
in the Blueprint Optimal Habitat Corridor would be restored. However, only about 12 % of the 
land identified for channel migration and floodplain connectivity projects in the Optimal Habitat 
Corridor can be restored during the first 10 years of Blueprint implementation because of policy 
constraints related to the APD and FPP (discussed in more detail in Chapter 6). These projects 
are mostly limited to public lands. Conflicts between agricultural policy and aquatic habitat 
restoration will still need to be resolved before restoration within the entire Implementation 
Corridor can take place. If these conflicts are resolved, then the Blueprint implementation plan 
identifies an additional 44 % of Blueprint Optimal Habitat Corridor to be restored in APDs, and an 
additional 25 % to be restored on FPP properties.
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2. BLUEPRINT SCOPE
The Middle Green River Restoration Blueprint (Blueprint) is 
a King County planning effort with the goal of developing a 
long-term, comprehensive approach to recovering ecosystem 
processes in the section of the Green River that extends from 
the outlet of the Green River Gorge downstream to the eastern 
limits of the City of Auburn. This portion of the Middle Green 
River was chosen for detailed habitat restoration planning 
because the river has the potential to traverse the floodplain 
in a relatively unconstrained manner, it currently provides 
important aquatic and terrestrial habitat, and it has been 
substantially altered from historical conditions. The Blueprint is 
intended to work with and complement other planning efforts 
taking place within the Green River Watershed. These include 

the Green/Duwamish and Central Puget Sound Watershed Water Resource Inventory Area 
(WRIA) 9 Salmon Habitat Plan, The U.S. Army Corps of Engineers Green/Duwamish River Basin 
Ecosystem Restoration Study Final Feasibility Report (ERS), and planning associated with local 
and state parks and natural areas.

2.1. Goals and Objectives
Goals. The Blueprint has two goals. First, the Blueprint provides a comprehensive description 
of habitat potential in the Middle Green River while allowing for the constraints of Howard 
Hanson Dam on floods and retention of wood and gravel from the upper watershed. This 
“Optimal Habitat Corridor condition” is based on restoring ecosystem processes. Second, the 
Blueprint provides a list of prioritized capital improvement projects that are grounded in the 
Optimal Habitat Corridor condition, and that specify logical, sequential, and incremental steps 
toward achieving it.

Objectives. The Blueprint achieves these goals through the following objectives:

•  Describe historical, current, and necessary future conditions for aquatic habitat in the 
Middle Green River (includes WRIA 9 Strategic Assessment information for Chinook 
salmon);

•  Develop a long-term (100-year plus) description of aquatic habitat potential (the 
“Optimal Habitat Corridor condition”) based on historical conditions and effects of 
Howard Hanson Dam on flow regime and retention of wood and gravel;

•  Identify actions that, if implemented, will cumulatively achieve the Optimal Habitat 
Corridor condition. Evaluate these actions at a river reach scale;

•  Evaluate the feasibility of potential ecosystem process restoration given the constraints 
caused by ownership patterns, structures like roads and bridges, and current              
land-use policies;

•  Score, rank, sequence, and prioritize actions based on their ecological value and     
current feasibility;
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•  Provide a more detailed plan for habitat recovery in the Middle Green River than what 
will be provided by the WRIA 9 Salmon Habitat Plan; and

•  Coordinate with the WRIA 9 Salmon Habitat Plan, U.S. Army Corp of Engineers Green/
Duwamish River Basin Ecosystem Restoration Study (ERS), and local and state parks and 
natural areas planning efforts.

2.2. Organization
The Blueprint was prepared by an interdisciplinary project team consisting of a project 
manager, a geomorphologist, an aquatic ecologist, and a geologist/engineer. The work of 
the project team was guided and reviewed by an advisory team consisting of senior level 
geomorphologists, biologists, engineers, planners, and representatives from the WRIA 9 
Watershed Coordination Services Team. 

2.3. Relationship to Other Planning Efforts
The WRIA 9 Salmon Habitat Plan (Green/Duwamish 2005) was prepared by the WRIA 
9 Watershed Coordination Services Team for the WRIA 9 Steering Committee to fulfill 
requirements of the federal Endangered Species Act; it provides general recommendations 
for Chinook salmon recovery along the Green River and its tributaries. Actions identified for 
the Blueprint have been scored by the WRIA 9 Science Panel and incorporated into the draft 
Salmon Habitat Plan. 

The U.S. Army Corp of Engineers Green/Duwamish River Basin Ecosystem Restoration Study 
Final Feasibility Report (2000) identified restoration sites throughout the Green/Duwamish 
River Watershed, including the Middle Green River sub-basin. The Blueprint used this report, 
and others, to determine potential restoration projects along the Middle Green River. However, 
previously identified actions were sometimes altered to better meet Blueprint goals of long-
term ecosystem process restoration and Blueprint assumptions about long-term feasibility. 
The ERS focused on public land or undeveloped parcels where there was an immediate 
opportunity to restore aquatic habitat, and was based on scientific information available at 
that time. A comprehensive, optimal habitat condition for the Middle Green River corridor was 
therefore not an outcome of the ERS effort. Moreover, a number of studies conducted since 
the Feasibility Report was published in 2000 have provided additional insights into the habitat 
needs of salmon in the Green River, as well as new factors to consider when designing habitat 
restoration projects. The Blueprint considers and incorporates this new information. Some of 
the new studies considered by the Blueprint were:

•  Core Areas: A Framework for Identifying Critical Habitat for Salmon (Martin, 
Benda, and Shreffler 2004);

•  Historical aquatic habitats in the Green and Duwamish River valleys (Collins and 
Sheikh 2004);

•  Draft Necessary Future Conditions for WRIA 9 (WRIA 9 and King County 2004);

•  WRIA 9 Technical Strategy for salmonid conservation and recovery (WRIA 9 
Technical Committee 2003);
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•  Juvenile Chinook migration, growth and habitat use in the Lower Green River, 
Duwamish River and nearshore of Elliott Bay (Nelson et al. 2004);

•  Functional Linkages Evaluation (Anchor 2003);

•  Middle Green River habitat baseline monitoring                                                                   
(R2 Resource Consultants, Inc. 2002);

•  Near-Term Action Agenda for Salmon Habitat Conservation, Green/Duwamish 
River and Central Puget Sound Watershed (WRIA 9 2002):

•  Juvenile salmonid use of lateral stream habitats, Middle Green River, Washington, 
2000 data report (R2 Resource Consultants, Inc. 2001);

•  Habitat Limiting Factors and Reconnaissance Assessment Report (Kerwin and 
Nelson 2000).

King County and Washington State planning efforts related to public lands in the Middle Green 
River focus on preserving and protecting public land, providing public access, recreation, and 
education. The Blueprint coordinated with these planning efforts to encourage the coupling 
of public access and education with ecosystem process restoration on public lands within the 
Blueprint planning area. 
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3. METHODS 
3.1. Overview

The Blueprint is based on comparisons of 
ecosystem processes in the Middle Green River at 
three different times:

1. Reference (historical) conditions

2. Existing conditions

3. Optimal habitat corridor conditions (after       
restoration, about 100 years from present).

The reference condition provides a record of what ecosystem processes once were. The 
optimal habitat condition describes the potential of restored habitat in the Middle Green 
River with the assumption that localized land uses could change to accommodate restoration, 
but that Howard Hanson Dam would remain in place. Only two effects of Howard Hanson 
Dam were considered: limiting the peak flood discharge to 12,000 cfs, as measured at Auburn, 
(which was formerly the 2-year flood) and the consequent increase in both the frequency and 
duration of the former 2-year flood; and retention of wood and gravel that would otherwise be 
transported from the upper watershed downstream. The long-term optimal habitat condition 
encompasses the maximum interactive channel migration and floodplain area that could 
reasonably be expected to maintain itself under these flow conditions, which are substantially 
different from the reference condition.

Comparing existing conditions with the Optimal Habitat Corridor condition identifies 
changes that will be needed to achieve this condition. Individual actions—primarily capital 
improvement projects that would incrementally work toward making the changes that would 
lead to the Optimal Habitat Corridor condition—were identified. Actions were scored for 
both their ecological value and their current feasibility, which was based on land ownership 
and current project costs and policy directives. Scored actions were ranked, grouped by 
location and temporal association into suites of actions, sequenced, and prioritized for design. 
Conceptual designs were prepared for two of the highest priority and most feasible suites         
of actions.

Ecosystem processes were used as a basis for developing the Blueprint because they create 
and maintain habitats. Because the Blueprint is a multi-species, multi-habitat approach 
to natural resource restoration, an ecosystem process-based approach was selected. The 
ecosystem processes considered were: 

•  flow regime and water routing 

•  channel migration 

•  sediment flux

•  floodplain connectivity

•  channel and floodplain hydraulics
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•  riparian forest succession 

•  wood routing and recruitment 

•  nutrient cycling 

•  energy flow 

•  bioperturbation 

•  water chemistry and quality 

The Blueprint was developed on a river-reach scale and extended from valley wall to valley 
wall so that ecosystem processes could be better addressed. Five reaches were identified 
based on differences in geomorphology such as channel form, gradient, and valley width. The 
Blueprint used the reach boundaries identified in the Green River Channel Migration Study 
(Perkins 1993). However, reach names were changed to avoid confusion since the Blueprint did 
not include all reaches that were included in the Channel Migration Study.

3.2. Habitat Conditions
A reference condition for habitat was developed based on pre-Howard Hanson Dam 
conditions in the Middle Green River. The reference condition was developed from a 
combination of recorded historical conditions in the Middle Green River, and existing 
conditions in other Puget Sound lowland rivers with similar characteristics (“analogs”). Because 
historical data were unavailable for instream habitat features such as pool frequency, recent 
data from a relatively unaltered reach of the Nisqually River were used as an analog for this 
metric (measured parameter) (Collins et al. 2002). Similarly, logjam data from the Queets River 
were used as an analog for in-stream logjam frequency (Abbe 2000).

Existing conditions were derived from the Green River Baseline Habitat Monitoring Report       
(R2 Resource Consultants, Inc. 2001), the Green River Channel Migration Study (Perkins 1993), 
and GIS analysis of 1940 aerial photographs (USACOE 1940) and 2002 ortho-photos (King 
County 2002). Metrics that were considered and their sources are presented in Table 1. Some 
metrics are applied at the scale of the entire study area whereas other metrics are applied at 
the reach scale.
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DATA SOURCES

METRIC REFERENCE/ANALOG EXISTING CONDITION

OPTIMAL HABITAT
CORRIDOR
CONDITION

Channel Area 1940 aerial photo
(USACOE)

2002 ortho-photo
(King County)

Perkins 1993

Channel Length Perkins 1993 2002 ortho-photo
(King County)

Perkins 1993

Channel Sinuosity Perkins 1993 Perkins 1993, 2002
ortho-photo (King
County)

Perkins 1993

Channel Migration
Rate

Perkins 1993 Perkins 1993 Perkins 1993

Percent Erosion Perkins 1993 Perkins 1993 Perkins 1993

Percent
Unconstrained Bank

Perkins 1993 Perkins 1993 Perkins 1993

Riparian Forest
Composition

Collins and Sheihk
2004

R2 Resource
Consultants 2002

Collins and Sheihk
2004

Pool Spacing Collins et al. 2002,
NMFS PFC1

R2 Resource
Consultants 2002

Collins et al. 2002,
NMFS PFC

Logjam spacing Abbe 2000 Perkins 1999 Abbe 2000
1National Marine Fisheries Service Properly Functioning Conditions (Ref)

Table 1. Metrics considered in identification of habitat conditions and their sources.

The Optimal Habitat Corridor condition for the Middle Green River was obtained by 
accounting for the influence of Howard Hanson Dam on the reference condition. The 
difference between the Optimal Habitat Corridor condition and existing conditions was then 
evaluated, and actions that would incrementally advance existing conditions toward the 
Optimal Habitat Corridor condition were identified.

3.3. Identifying Actions and Projects
After the reference condition, existing conditions, and Optimal Habitat Corridor condition for 
each reach were identified, the project team brainstormed all actions that could be taken to 
modify existing conditions so they would be consistent with the Optimal Habitat Corridor 
condition. The project team purposefully disregarded the feasibility of actions during the 
brainstorming sessions. Actions were then color-coded by type and drawn on the Green 
River Flood Hazard maps, which are 1”= 200’, 2-foot interval contour maps made from aerial 
photographs taken on March 25, 1994 (King County 1994). 

An effort was made to include actions in the Blueprint that were previously identified by 
other planning efforts, such as the U.S. Army Corp of Engineers Green/Duwamish River Basin 
Ecosystem Restoration Study (USACOE 2000) and the King County Flood Hazard Reduction 
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Plan (King County 1993). Previously identified actions were sometimes altered to better meet 
Blueprint goals of long-term ecosystem process restoration and Blueprint assumptions about 
long-term feasibility.

Alternatives and phases were identified for actions where constraints influence an action’s 
feasibility. Alternatives are different possible actions from which a single action alternative 
will typically be selected based on relative merit, cost, and feasibility. For example, set back or 
removal of a levee or revetment near a major road in a Farmlands Preservation Parcel (FPP) was 
typically given the following alternatives:

•  Alternative 1: remove levee, set back revetment to the edge of the existing forested 
area (allowed within existing FPP covenants);

•  Alternative 2: remove levee, set back revetment to edge of major road (assumes 
alteration of existing FPP policy and related covenants); or

•  Alternative 3: remove levee and revetment (assumes both alteration of FPP policy and 
related covenants, and decision to move road outside Optimal Habitat Corridor).

Phases are given to actions that will probably take place sequentially. For example, control of 
non-native invasive plants may first take place in areas identified as high priority by the King 
County Noxious Weed Board (Phase1) and then in other locations (Phase 2). 

Coordination with WRIA 9. A list of projects identified for the Blueprint was given to the WRIA 
9 Science Panel for scoring and ranking. The Science Panel requested that individual Blueprint 
projects be organized into suites of projects prior to Science Panel scoring. The Blueprint 
project team divided the reaches into sub-reaches consisting of projects that were related 
by proximity and sequencing. These sub-reaches were scored by the Science Panel using its 
criteria, which emphasized Chinook salmon habitat. Note: WRIA 9 scores were not used to 
develop the Blueprint, but were considered along with Blueprint scores when choosing initial 
projects for conceptual design. The size of a sub-reach is roughly on the scale of a meander 
bend.

3.4.  Scoring, Ranking, Sequencing, and Prioritizing Actions
Scoring. The Blueprint project team then scored individual actions based on their ecological 
value as well as current constraints on their feasibility. Ecological scoring criteria included 
the number of ecosystem processes improved by the proposed action, the relationship 
of the action with other actions, the proximity to areas with high habitat value, and the 
immediate need for the action. Scoring criteria constraints included land ownership and 
value; consistency with existing land uses and policy directives; and project complexity, 
constructability, and cost. Specific criteria used for scoring and the results from the scoring are 
presented in Appendix A. 

Every phase and alternative of an action was scored individually because ecological value 
and constraints differed for each phase and alternative. Actions received an ecological value 
score, a constraints score, and an overall score obtained by subtracting the constraints score 
from the ecological value score. The overall score reflects an action’s current feasibility as well 
as its intrinsic ecological value. Ecological value and overall scores were normalized to a value 
between 0 and 1 by dividing the scores by the total possible ecological points (260).
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An attempt was made to weight project scores by area to account for the different ecological 
value of large and small projects that might otherwise have similar scores. Normalized scores 
were weighted by multiplying the score by the project area (as estimated from GIS drawings), 
to obtain “eco-units”, which could then be used for comparisons and cost/benefit analysis 
(USACOE 2000). This method was imperfect because some types of projects, such as riparian 
revegetation and large woody debris addition, are reach-wide and have very large areas, 
resulting in unreasonably high eco-unit scores. However, comparisons between raw and 
weighted scores suggest that such biases did not greatly affect overall project ranking and 
prioritization (Appendix A).

Eco-unit scores were grouped into low, medium, and high categories to further reduce bias or 
misconceptions that could result from comparing numerical scores that might convey a false 
impression of precision. Categories were delineated based on natural breaks among groups of 
scores.

Ranking and Sequencing. Scored actions were ranked and sequenced based on the overall 
eco-unit score and sequential relationships with other actions. Ranking and sequencing were 
coordinated so that a high-scoring action that would logically need to follow a lower-scoring 
action in order to be effective would not mistakenly be executed first. Ranking and sequencing 
were performed at both the reach and sub-reach scales.

The general framework for ranking and sequencing was a two-axis chart that accounted for 
ecosystem processes (x-axis) as well as overall eco-unit score (y-axis). Actions were initially 
sorted by a sequence code based on a hierarchy of ecosystem processes. Although there 
are connections and feedbacks among almost all ecosystem processes (Figure 2), actions 
directed at ecosystem processes that tend to drive other processes should usually take place 
prior to actions directed at ecosystem processes that tend to be driven (Table 2). For example, 
excavation for floodplain reconnection would usually take place prior to riparian planting 
in that location, unless constraints on floodplain reconnection make it likely that riparian 
plantings will have time to grow enough to provide large wood functions when excavation 
eventually does take place.
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Figure 2. Diagram of relationships among ecosystem processes considered in the 
Blueprint.

Table 2. Categories of ecosystem processes used in project ranking and sequencing. 
Feedbacks among processes were not considered. 

At the reach scale, after being sorted by ecosystem process, actions were then sorted by 
overall score and grouped into “bins” based on their location on the two axes (Figure 3). 
Actions within a bin are of equal priority and may be treated as a pool from which to draw for 
implementation. 
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Figure 3. Diagram of reach-scale rankings and prioritization. 

Projects are grouped into bins (shown as boxes) based on a simplified hierarchy of ecosystem 
processes (x-axis) and eco-unit scores (y-axis). Projects within a bin are of equal priority and 
can be treated as a pool from which to draw for implementation. The x-axis is a continuum of 
ecosystem processes from those that tend to drive other processes (1) to those that tend to be 
driven by other processes (4). The continuum does not consider feedbacks among processes. 
Relative eco-unit score is represented by the y-axis: higher ranking projects are located near 
the top of the diagram. The overall eco-unit score is the normalized ecological score minus the 
normalized constraints score times the project area (See section 3.4 for details).

Sequencing relationships among actions are identified at the sub-reach scale. Actions that 
are connected by phasing, alternatives, or sequencing needs were grouped into a “bin”, and 
sequencing relationships between actions within the bin were identified by arrows. Actions 
are always plotted under the appropriate ecosystem process (x-axis location), but low scoring 
actions were sometimes located adjacent to higher scoring actions (y-axis location) so that 
sequencing relationships could be illustrated (see Section 4.3 for examples of sub-reach 
sequencing). 

Identification and selection of projects for design and construction is therefore a two-step 
process. In the first step, a project is selected from the reach-scale chart based on its overall 
eco-unit score and location on the ecosystem process continuum. In the second step, actions 
related to the selected action by phasing, alternatives, or sequencing are identified on the 
corresponding sub-reach chart. In this way, low scoring actions that should precede high 
scoring actions will not be overlooked, and suites of related actions that should be designed 
and constructed together are easily identified.

Prioritization. Current feasibility, location on the ranking and sequencing charts, and the WRIA 
9 Science Panel rankings were used to prioritize actions for design and construction. Results of 
Blueprint and Science Panel scoring and ranking are presented in Appendix A.
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4. EXISTING HABITAT 
CONDITIONS
The Blueprint covers a 14-mile stretch of the Middle 
Green River between the outlet of the Green River 
Gorge at about RM 46 and the eastern limits of the 
city of Auburn at about RM 32 (Figure 1). This portion 
of the river flows through a broad floodplain and 
corresponds to the Middle Green Valley segment in 
the WRIA 9 Strategic Assessment. Major land-uses are 
agriculture (pasturing is the most common agricultural 

activity), low-density single-family homes, public open space and parks, recreation, and rural roads. 
The riparian forest is intact in some places, particularly between RM 41 and RM 37. Deciduous trees 
(such as black cottonwood, red alder, and bigleaf maple) are abundant in these riparian forests. 
The valley hillsides are steep-sloped and forested with both deciduous and coniferous trees. Two 
major salmon-bearing tributaries enter the Green River in this segment. Newaukum Creek 
enters the river at RM 41 and Soos Creek enters the river at RM 35.

The Middle Green River provides important habitat for many aquatic and terrestrial animals, 
including one of the most extensive Chinook salmon spawning and rearing areas in the 
watershed (Kerwin and Nelson 2000). The Green River also supports populations of chum, 
coho, sockeye, and pink salmon; and steelhead, bull, and cutthroat trout. Elk, coyote, deer, 
cougar, black bear, bobcat, and red fox are also present in the Middle Green River floodplain, as 
are bald eagle, turkey vulture, pileated woodpecker, wood duck, western screech-owl, barn owl, 
great blue heron, goldfinch, blue grouse, violet green swallows, and hummingbirds.

Although most floodplain land is privately-owned in the Middle Green Valley segment, several 
hundred acres are managed by two public agencies: Washington State Parks and King County 
Department of Natural Resources and Parks. The goal of both agencies is to protect and preserve 
these public land-holdings and provide public access, recreation, and educational opportunities 
where appropriate.

The segment of Middle Green River included in the Blueprint has been greatly altered from its 
historical conditions. Levees and revetments restrict channel migration and bank erosion and 
isolate the river from its floodplain in many locations. Flood control by Howard Hanson Dam and 
water withdrawals by the City of Tacoma have further reduced channel migration and connectivity 
between the river and its floodplain. This has led to large reductions in channel area, especially to 
secondary channels such as side-channels and floodplain tributaries. Howard Hanson Dam retains 
wood and gravel that otherwise would be transported from the upper watershed downstream. 
Consequently, the number of pools and logjams in the Middle Green River are well below those in 
similar, more pristine rivers. Much of the historical riparian forest along the Middle Green River has 
been cleared, and non-native invasive plants have colonized some locations.

Despite these alterations to the landscape, the Middle Green River is much less developed than 
the Lower Green River, and many other King County rivers as well. As a result, river processes 
have the potential to be restored so that the river may traverse its floodplain in a relatively 
unconstrained manner and provide exceptional fish and wildlife habitat.
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4.1.  Reach Descriptions
The Blueprint study area was divided into five reaches, lettered A through E. Geomorphological 
differences were used to delineate the reaches, which are based on reach boundaries first 
identified in the Green River Channel Migration Study (Perkins 1993).

Reach A: Flaming Geyser (RM 45.2 to RM 42.2). Reach A is the most upstream reach included 
in the Blueprint and is steeper than the other reaches. It is a transitional zone between the 
narrow bedrock-walled gorge upstream and the broad alluvial valley of the rest of the study 
area. Resistant banks (43% of the reach length is valley wall, 29% is armored) have locked major 
channel bends in place since at least the 1940’s (although undercutting periodically triggers 
an old slide on the south valley wall at RM 42.8.) Resistant banks consist of valley wall (43% of 
reach length) and levees and revetments (29% of reach length). Several channels were present 
near RM 44.2 through the 1950’s, and the former north channel still exists as a side channel 
that conveys flood flows and groundwater. Currently, the steeper gradient ensures that 
sediment mostly stays in transport through this reach, rather than being deposited in bars.

Reach A is located entirely within Flaming Geyser State Park and Flaming Geyser Natural Area 
(King County ownership). The riparian corridor is a mixture of immature deciduous/coniferous 
forest, and pasture dominated by non-native invasive plants. Southeast Flaming Geyser Road 
follows the left (when looking downstream) river bank from about RM 44.7 to RM 44 and 
crosses the river over the Flaming Geyser Bridge at about RM 43.3. Southeast Green Valley 
Road abuts the right river bank at the downstream end of this reach.

Reach A has the potential to provide particularly important habitat for salmon because it is 
located at a gorge mouth and contains a landslide. Transitions between gorges and valleys 
have been identified as “core areas” for Chinook salmon because sediment transported 
through the gorge is deposited at the head of the valley, creating high quality spawning 
habitat (Martin et al. 2004). Retention of gravel by Howard Hanson Dam currently restricts the 
amount of gravel available for deposit at the mouth of the Green River Gorge. 

Areas downstream from landslides have also been identified as core areas for Chinook salmon 
production because sediment supplied by the landslide creates spawning habitat— provided 
the sediment is of a suitable size (Martin et al. 2004). In Reach A, high-density Chinook salmon 
spawning is located downstream of both the gorge mouth (between RM 44.3 and RM 45.2), 
and the landslide (between RM 42.6 and RM 42.9) (Martin et al. 2004; spawning data are from 
1999, 2000, 2001, and 2002).

Reach B: Whitney Bridge (RM 42.2 to RM 40.2). Reach B has been nearly straight and 
stable since the 1930’s (typical meander belt width of about 500 feet), but historically the 
downstream portion of the reach had pronounced bends and multiple channels (meander 
belt width of 2,600 feet). The reach was straightened and armored between the 1880’s and 
1940’s to achieve a stable crossing at Whitney Bridge and to protect farmland. Straightening 
has made Reach B quite steep relative to Reach C. The absence of gravel bars suggests that 
sediment is now transported through Reach B and deposited in Reach C. Before straightening, 
the gradient in Reach B would have been similar to that in Reach C, probably causing gravel 
deposits in large bars like those now present in Reach C. Gravel deposition is also an important 
ingredient for channel migration, which can lead to the formation of complex habitats that are 
beneficial to salmon and other aquatic organisms.
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The riparian corridor in Reach B is a mixture of immature deciduous/coniferous forest, pasture, 
and single-family homes. Southeast Green Valley Road is present north of the river throughout 
this reach, but only a small portion of road (between about RM 40.8 and RM 41.3) is located 
within the Optimal Habitat Corridor; 218th Avenue Southeast crosses the river via the Whitney 
Bridge at about RM 41.9.

Newaukum Creek enters the Green River near the middle of Reach B. Although tributary 
confluences have been identified as core areas for Chinook salmon production, no high-
density Chinook salmon spawning areas are currently present downstream of Newaukum 
Creek (Martin et al. 2004; spawning data from 1999, 2000, 2001, 2002). This may be because 
sediment once transported to the mainstem from Newaukum Creek is now transported 
through the artificially straightened and steeper Reach B. A small Chinook spawning patch is 
located upstream of the Newaukum Creek confluence, between RM 41.4 and RM 41.4 (Martin 
et al. 2004; spawning data from 1999, 2000, 2001, and 2002).

Reach C: Metzler-O’Grady (RM 40.2 to RM 37.8). Reach C is the least human-altered 
reach; there are no bridges and has only one levee near the downstream end. This reach 
is characterized by large gravel bars and rapidly moving channels that have migrated 
across zones nearly half a mile wide during the last 100 years. Pronounced meander bends 
dominated the channel in the 1930’s and mid-1980’s, but the channel has been braided much 
of the rest of the time. Channel cut-offs and avulsions (abrupt switching of the main channel 
to another location, typically leaving an uneroded forested island in between) occurred even 
during meandering periods, resulting in a braided (anastomizing) appearance. Numerous 
abandoned channels still function as flood channels and perennial creeks.

Much of Reach C is publicly-owned open space. Immature deciduous/coniferous forest is 
present throughout much of the riparian corridor. Notable exceptions include O’Grady Natural 
Area (where the riparian corridor is dominated by pasture) and several homes located within 
the severe hazard channel migration zone. A Chinook salmon spawning patch is located 
between RM 39.2 and RM 39.5 (Martin et al. 2004; spawning data from 1999, 2000, 2001, 2002).

Reach D: Green Valley Farms (RM 37.8 to RM 33.8). Reach D is usually a single thread, low 
sinuosity channel with localized areas of multiple channels (sinuosity is defined as the ratio 
of channel length to valley length; a perfectly straight channel would have a sinuosity of 1.0, 
a meandering channel would have a sinuosity of 1.5 or higher). A new channel next to the 
east valley wall was excavated in about 1901, simplifying the former multiple-channel lower 
section, which previously had a total width of 1,400 feet. Discontinuous levees were built in the 
1960’s; revetments or levees are currently present on or near 60% of banks. Since then, Reach D 
has had a narrower corridor and has migrated less than other reaches.

The riparian corridor is dominated by pastures and agricultural fields, with immature 
deciduous/coniferous forest present in some locations. Southeast Green Valley Road is present 
within the Optimal Habitat Corridor throughout much of this reach, crossing the river via 
Neely Bridge at about RM 35.3. Although the current location of Southeast Green Valley Road 
would prevent unconstrained channel migration within the Optimal Habitat Corridor, the road 
is located far enough from the current channel that ecosystem processes could probably be 
recovered within the intermediate corridor bounded by the road. 
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Chinook salmon spawning patches are located at the upstream end of Reach D, between RM 
37.2 and RM 37.5, and at the downstream end of the reach (extending into Reach E), between 
RM 33.3 and RM 34.4 (Martin et al. 2004; spawning data from 1999, 2000, 2001, and 2002). This 
downstream spawning patch may be influenced by a Chinook salmon hatchery on Soos Creek, 
which enters the Green River just downstream of Reach D. 

Reach E: Auburn Narrows (RM 33.8 to RM 31.7). Reach E has typically been characterized by 
rapidly moving large meander bends that leave broad gravel bars. However, the reach was 
braided in the late 1950s, with multiple channels that rapidly changed position. The decline 
in channel gradient causes large amounts of gravel to deposit in this reach. Levees were built 
along about 60% of Reach E during the 1960’s, resulting in a gradual change back to a single 
main channel with rapidly migrating bends. Levees and the valley wall have constrained 
channel migration resulting in very tight bends. Sinuosity had increased to 1.6 from former 
values of 1.1 to 1.2 prior to a recent bend cutoff that has returned sinuosity to within the 
former range.

The riparian corridor on the right bank (when looking downstream) consists of immature 
deciduous/coniferous forest. The left bank riparian corridor is a mixture of immature forest 
and pasture dominated by non-native invasive plants. Three transportation corridors cross the 
river via bridges at the upstream boundary of Reach E: State Route 18, Auburn-Black Diamond 
Road, and the Burlington Northern San Francisco Railroad. All  of these are located within the 
Optimal Habitat Corridor, but only the railroad appears to inhibit channel migration.

Several habitat restoration projects have been constructed near the upstream end of this 
reach. The City of Tacoma has constructed a wetland as mitigation for water withdrawals from 
the upper watershed, and King County has constructed a side channel for habitat restoration. 
A sub-division of high-density houses is located along the left bank at the downstream end of 
Reach E, within the Auburn city limits.

Soos Creek enters the river near the upstream end of Reach E, at about RM 33.7. A Chinook 
spawning patch is located near the upstream end of the reach as well, (extending into Reach 
D) between RM 33.3 and RM 34.4 (Martin et al. 2004; spawning data from 1999, 200, 2001, and 
2002). Although tributary confluences have been identified as core areas for Chinook salmon 
production, Soos Creek does not transport much gravel to the Green River (Martin et al. 2004). 
Chinook salmon that have strayed from the Soos Creek Hatchery are probably more of a factor 
in the presence of the spawning patch than the tributary confluence (Martin et al. 2004).

General reach characteristics are presented in Table 3. 

Note: Levee and revetment and cliff lengths include both river banks. 
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REACH From RM: To RM: CHANNEL

GRADIENT (%)

LEVEE AND

REVETMENT

LENGTH (%)

CLIFF
LENGTH (%)

CHANNEL
PATTERN

A 42.2 45.2 0.413 29 43 Meandering1/

Confined2

B 40.2 42.2 0.371 27 0 Straight3

(formerly
meandering)

C 37.8 40.2 0.218 10 3 Braided4

D 33.8 37.8 0.164 60 7 Meandering1

E 31.7 33.8 0.079 59 7 Meandering1

or braided4

1Meandering means sinuosity (river length divided by valley length) is 1.5 or greater
2Confined means meanders are held in place by the valley wall
3Straight means sinuosity is less than 1.1
4Braided refers to multiple channel threads that join and split apart, and may be separated by either an 
unvegetated gravel bar or forested island. Sometimes referred to as “wandering” river type.

Table 3. Characteristics of study reaches. Data and descriptions are from Perkins 1993.

Levees and revetments are present in different quantities in all of the reaches. These structures 
were not typically constructed for flood control. Rather, the purpose of these levees and 
revetments was to inhibit natural channel migration by directing migration in key locations 
so the river is “trained” against the valley wall, thereby avoiding the need to line the entire 
channel with revetments. 

4.2.  Reference and Optimal Habitat Conditions
The reference condition was compiled from historical records and aerial photographs. It 
describes the Middle Green River prior to major changes caused by humans. The Blueprint 
Optimal Habitat Corridor condition uses the reference condition as a starting place, adjusting 
reference conditions to account for the influences of Howard Hanson Dam on flood flows and 
retention of gravel and wood.

The Optimal Habitat Corridor includes the river and floodplain within a channel migration zone 
that was delineated by adjusting the historical channel migration zone to the revised flow regime 
of Howard Hanson Dam. The optimal habitat condition within this corridor is characterized by a 
freely migrating river with sufficient logjams and sediment to create and maintain complex and 
diverse habitats. Connectivity between the river and its floodplain would be unconstrained, and 
the floodplain would contain abundant secondary channel habitat and wetlands. Floodplain 
vegetation would consist of native riparian forest in various stages of succession that reflect the 
flow regime; non-native invasive plants would be absent.
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Much of the reference condition was compiled from historical records and aerial photographs, 
but recent data from other rivers were used as an analog when historical data were 
unavailable. Ideally, analog data is from a river that has watershed characteristics that are very 
similar to the river being studied. However, the analogs we used for logjam and pool spacing 
differ from the historical Middle Green River in some important ways. 

The Queets River was used as an analog for logjam frequency. However, it has a larger 
drainage area, a steeper gradient, is unregulated by dams, and has hydrology that is driven by 
higher precipitation and more snowmelt and glaciers than that of the Middle Green River. The 
reach of the Nisqually River was used as an analog for pool frequency. It has a similar gradient 
to all Blueprint reaches except Reach E, but it drains a larger basin area and has hydrology that 
is also driven more by snowmelt and glaciers than that of the Middle Green River, although 
upstream dams provide some flow regulation. Both analog rivers are unconfined and do not 
provide guidance for confined portions of the Middle Green River, such as Reach A and the 
upper portion of Reach B. 

Because no simple method exists to modify data obtained from the analog rivers so they are 
directly applicable to conditions in the Middle Green River, logjam and pool frequency data 
were interpreted conservatively for the Blueprint’s Optimal Habitat Corridor condition by 
identifying ranges of values that would be suitable. This approach has the twin advantages of 
avoiding an exhaustive analysis that was outside the scope of the Blueprint effort, and at the 
same time illustrating the inexact and variable nature of natural habitats. How these ranges 
were developed is described in Section 4.1.3. The clear message is that there are currently too 
few pools and logjams in the Middle Green River from a habitat perspective, and the target 
ranges provide a low-end value toward which to work in the short-term, and a high-end value 
that may be the optimal goal a hundred years from now.

Reference and optimal habitat conditions for attributes such as channel migration zones, acres 
of mainstem river and secondary channel habitat, logjam and pool frequency, and riparian forest 
species composition are detailed below.

Channel Migration. In Reaches A and B, the reference condition for channel migration is the 
mapped historical channel migration zone in Perkins (1993), excluding “channels of unknown 
age” and including two additional channel segments from the earliest map (GLO 1882;        
Figure 4). 

In Reach A and the upper portion of Reach B, most land outside the mapped historical channel 
migration zone does not flood and in many locations is ten feet higher than the flood elevation. 
Most of the historical channel migration zone no longer floods in the lower portion of Reach 
B either, but this differs from the upper portion of Reach B because restoration efforts in lower 
Reach B could reintroduce flooding. 

The Optimal Habitat Corridor channel migration zone for Reach A does not differ much from 
the reference condition because pre-dam channel migration rates were very low in this reach 
(Figure 4). Most meander bends are locked in place by the valley wall and the ground between 
bends contains terraces well above the floodplain, indicating that the meander bends formed 
before the river incised and have since become slightly entrenched. Most of the bends are 
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located along the valley wall and landslides in weak bedrock and glacial sediments have led to 
a gradual retreat of the valley wall in the downstream half of the reach. The only measurable 
post-dam channel migration occurred in the late 1990’s when a large landslide forced the river 
north about one channel width at about RM 42.8. Reach A is the most upstream reach and is 
steeper than the other reaches. Sediment mostly keeps moving rather than being deposited  
in bars. 

The reference channel migration corridor was scaled back considerably for the Optimal Habitat 
Corridor in the upstream portion of Reach B (Figure 4). The channel migration zone transitions 
from narrow to wide about two-tenths of a mile upstream of Newaukum Creek. Downstream 
of this point, Reach B was a meandering and anastomizing river, similar to Reach C. 

Upstream of this point, the river already appeared to be entrenched and unmeandering 
by 1895. Together with Reach A, this area is a transitional zone between the very confined, 
entrenched Green River Gorge and the unconfined meandering valley downstream. The 
river gradient is steep and it transports sediment rather than depositing it. Transport reaches 
typically have low rates of channel migration. 

The Optimal Habitat Corridor channel migration zone for the lower portion of Reach B is 
similar to the reference condition (Figure 4). The channel in this portion of Reach B was 
meandering in the late 1800’s. Two meander bends were abandoned sometime between 1895 
and 1936, and the last meander bend was abandoned sometime between 1940 and 1959. It 
is unclear from maps and historical photographs what caused the channel to convert from 
meandering to straight, but channelization and bank armoring by humans probably occurred. 
Short levees across the entrances to former meander bends are visible on the 1936 aerial 
photographs (Perkins 1993). The channel is currently incapable of re-establishing migration 
and a meandering form because the gradient is too steep; even a very large flood in 1959 
(28,100 cfs) did not reinitiate channel migration. However, artificially lengthening the channel 
by constructing meander bends could lessen the gradient enough to allow sediment deposits 
and initiate the return of natural channel migration processes.

There has been little to no channel migration in both Reach A and Reach B since the 
completion of Howard Hanson Dam in 1962, even in areas with no bank protection. Mid-
channel and lateral bars were rapidly colonized by trees after 1962. 

In Reaches C, D and E, the reference condition channel migration zone is the full valley width 
(Figure 4). This includes all the historical sloughs mapped by Collins and Sheikh (2002) using 
topographic maps and lidar imagery, which reveal a complex network of old channels across 
the entire valley floor, many in the shape of meander bends (Figure 5). Many of these old 
channels still flood regularly, and relict channels at the far edges of the valley are as low as the 
historical channel migration zone, and even the current channel bed in some places.
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Figure 5. Historical sloughs and off-channel habitats in the Middle Green River. From 
Collins and Sheihk, 2002.

The Optimal Habitat Corridor channel migration zones for Reaches C, D, and E are the same 
as the reference condition (Figure 4). The entire valley floor floods under post-dam flow 
regulation, indicating that channel migration could still occur across the valley floor if banks 
were unarmored. Reaches C, D, and E all have a wandering channel form, in which meander 
bends are generally short-lived (five to 20 years) and are irregular in shape due to frequent 
avulsions. Post-dam channel migration processes in these reaches are still very active where 
not prevented by bank armoring. However, post-dam channel migration rates are considerably 
slower. A narrower channel migration zone would be sufficient to restore ecosystem processes 
and habitats under post-dam flows in many locations.

Sediment Load. Howard Hanson Dam retains gravel that otherwise would be transported from 
the upper watershed downstream. This has resulted in a “gravel deficit zone ” that has been 
migrating downstream from the dam on the order of about 1,000 to 4,000 feet per year since 
the dam was completed in 1962 (Perkins 1993). This range reflects uncertainty related to an 
absence of studies of transport rates for systems with low sediment supply, and also represents 
a long term average in which annual variation is subsumed over many years. The gravel deficit 
zone now extends from the dam downstream to somewhere between the lower portion of the 
Green River Gorge and O’Grady Natural Area. 

Long-term average rates for the reference condition sediment load are about 100,000 tons per 
year total load. Average bedload sediment influx to Reach A from the Green River Gorge was 
about 10,000 to 16,000 tons per year before Howard Hanson Dam was built. This is as much as 
a 84,000 ton difference in sediment bedload per year. Bedload is usually a small fraction (about 
10%) of total sediment load, which consists mostly of suspended load or washload (sands and 
fine gravels). Average bedload influx to Reach A will drop to 2,500 tons per year when all river 
adjustments are complete (Perkins 2000). Average bedload influx to Reach B from Newaukum 
Creek is about 1,000 tons per year, and average bedload influx from Big Soos Creek to Reach E 
is negligible (Perkins 2000).

The Green River is still capable of transporting an average rate of about 15,000 tons of 
sediment per year at O’Grady Natural Area (in Reach C) under post Howard Hanson Dam flow 
conditions (Perkins 2000). The Optimal Habitat Corridor condition calls for gravel addition of 
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STREAMSIDE VALLEY BOTTOM

Species Proportion Basal Area (ft2) Proportion Basal Area (ft2)

Red Alder 0.30 6.5 0.25 6.5

Willow 0.26 3.2 NA NA

Bigleaf Maple 0.17 10.8 0.23 21.5

Cottonwood 0.16 26.9 0.10 21.5

Vine Maple 0.12 10.8 0.15 NA

Western Red cedar 0.02 NA 0.10 43.0

Douglas-fir NA NA 0.06 2.2

Oregon Ash NA NA 0.04 NA

12,000 tons per year in perpetuity to make up the deficit. This amount of gravel will need to be 
added at or near the downstream end of the Green River Gorge until the annual 12,000 tons 
per year of gravel addition currently being made by the City of Tacoma and U.S. Army Corps of 
Engineers immediately downstream of Howard Hanson Dam makes its way to Reach A (first 
initiated in 2003).

Note: These values are long-term averages. Sediment flux in any given year may be far above 
or far below these averages.

Riparian Forest. Reference riparian forest conditions were reconstructed from bearing tree 
data from the 1867 and 1882 General Land Office (GLO) surveys (Collins and Sheihk 2004). 
Deciduous trees were more common than conifers along the Middle Green River, although 
conifers were large and therefore constituted a higher proportion of the total tree basal area 
(tree basal area is the cross-sectional area [over the bark] at breast height [1.3 meters above 
the ground] measured in meters squared) in the valley bottom (Table 4, Figure 6). Red alder 
was present most frequently in the valley bottom, followed by bigleaf maple, vine maple, 
black cottonwood, western redcedar, Douglas-fir, and Oregon ash (Figure 6). Western redcedar 
accounted for the highest proportion of tree basal area, followed by bigleaf maple, black 
cottonwood, red alder, vine maple, and Douglas-fir (Figure 6). The dominance of deciduous 
species probably resulted from frequent flooding and channel migration that eroded older 
patches of floodplain and reset forest succession.

Table 4. Historical riparian forest composition as reconstructed from General Land Office 
survey bearing tree data (GLO 1867, 1882). All data are from Collins and Sheihk 2004.

In the streamside forests of the Middle Green River, red alder was again found most frequently, 
followed by willow, bigleaf maple, black cottonwood, vine maple, and western redcedar 
(Table 4, Figure 6). Black cottonwood accounted for the highest proportion of tree basal area, 
followed by bigleaf maple, vine maple, red alder, willow, and western redcedar (Figure 6).

The Optimal Habitat Corridor condition for the riparian forest is to restore the species 
composition and sizes of the reference condition as appropriate under the altered flow regime 
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from Howard Hanson Dam. This will restore riparian forest functions such as water storage, 
nutrient cycling, cover, and wood recruitment to the channel. Moreover, restored channel 
migration resulting from implementation of the Blueprint will allow natural establishment of 
cottonwood forests on newly formed gravel bars. 

Figure 6. Historical riparian forest composition as reconstructed from GLO survey (1867, 
1882) bearing tree data. All data are from Collins and Sheihk 2004.

1) Riparian forest composition measured as proportion of tree species. 

(2) Riparian forest composition measured as basal area. Big-leaf maple and cottonwood were 
abundant and had large basal areas suggesting they were important sources of large wood 
to the river.

Pools. Data from a protected reach of the Nisqually River were used as an analog for pool 
frequency in the reference condition because historical data for the Middle Green River were 
unavailable. Pool frequency on this reach of the Nisqually River was one pool every 1.4 channel 
widths (Collins et al. 2002). WRIA 9 Necessary Future Conditions specify a pool frequency of 
one pool every six channel widths (King County 2004).
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For the Optimal Habitat Corridor condition pool frequency target, a range of one pool every 
1.4 to six channel widths was used. Target pool numbers for each reach were calculated by 
dividing the reach length by its active channel width and then dividing by either 1.4 or six. 
Because channel length varies over time, target pool numbers for the minimum and maximum 
channel length over a 100-year period were calculated. The final target pool number for each 
reach is therefore a large range comprised of two smaller ranges (see section 4.3 for details).

Logjams. Data from the Queets River were used as an analog for logjam frequency in the 
reference condition because historical data for the Middle Green River were unavailable. The 
Queets River data identify a relationship between frequency of logjams and drainage area 
at different locations in the watershed (Abbe 2000). Logjam frequency for the Middle Green 
River Optimal Habitat Corridor condition was based on the Queets River drainage area most 
similar to that of the Middle Green River: about 270 to 400 square miles (700 to 1,000 square 
kilometers). For this drainage area, target logjam frequency for the Optimal Habitat Corridor 
condition is 0.2 meander jams per mile (a meander jam about every five miles) and 4.8 bar 
apex jams every mile (a bar apex jam about every 0.2 mile) (Abbe 2000). 

4.3.  Comparisons Among Reference, Existing, and Optimal Habitat    
Conditions
Two types of comparisons are made in this section. The first type of comparison is between 
historical and existing conditions to illustrate how conditions have changed as a result of 
human activities such as bank armoring, land clearing, and dam construction. The second type 
of comparison is between existing conditions and the Optimal Habitat Corridor condition 
to identify what actions need to be taken to achieve the Optimal Habitat Corridor condition. 
There is considerable fluctuation in channel characteristics over time in both pre- and post-
dam periods. Similar fluctuations around target values should be expected after restoration. 

Channel Area. Mainstem channel area decreased in Reaches B and D between 1940 and 2002 
(Table 5, Figure 7a). Mainstem area decreased by eight acres in Reach B and by nearly 11 acres 
in Reach D (Figure 7b). Mainstem channel area was similar in 1940 and 2002 in Reach C, and 
mainstem area increased slightly in Reaches A and E (Table 5, Figure 7a, 7b). Overall, mainstem 
channel area decreased by nearly 10 acres (6%) between 1940 and 2002 over the entire length 
of the study segment (Figure 7b). These values differ from those reported by the WRIA 9 
Strategic Assessment, which identified a 34% reduction in mainstem area (King County 2004). 
However, the Strategic Assessment compared 2002 conditions with 1860 conditions identified 
by the General Land Survey (1867, 1882), whereas the Blueprint compared 2002 conditions 
with 1940 conditions; substantial changes in mainstem channel area may have occurred 
between 1860 and 1940. The Blueprint chose to compare 2002 with 1940 so that a similar GIS 
analysis of aerial photographs could be made for both years. 
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MAINSTEM CHANNEL SECONDARY CHANNEL SECONDARY MAINSTEM

REACH 1940 2002 Change 1940 2002 Change 1940 2002 Change

A 35 40 4.6 13 9 -4.2 0.37 0.22 -0.15

B 31 23 -8.0 22 3 -18.7 0.70 0.15 -0.55

C 30 30 0.2 27 8 -19.0 0.90 0.27 -0.63

D 62 51 -10.9 22 4 -18.0 0.36 0.08 -0.27

E 16 20 4.2 4 6 1.3 0.29 0.30 0.00

Total 175 165 -9.9 89 31 -58.6 0.52 0.20 -0.32

Table 5. Comparisons of 1940 and 2002 channel area. Areas were measured from aerial 
photographs in GIS. Units are in acres.

Secondary channel area decreased substantially between 1940 and 2002 in all of the reaches 
except Reach E (Table 5, Figure 7c). Secondary channel area decreased by 4.2 acres in Reach 
A, 18.7 acres in Reach B, 19 acres in Reach C, and 18 acres in Reach D, for a total decrease of 
58.6 acres (65%) of secondary channel habitat between 1940 and 2002 along the entire study 
segment (Figure 7d). The small increase in secondary channel area in Reach E is the result of 
a recent (1996 to 2002) channel avulsion and meander bend cut-off. The WRIA 9 Strategic 
Assessment identified a similar decrease (75%) in secondary channel habitat (King County 
2004). The ratio of secondary channel area to mainstem channel area also decreased in all 
of the reaches, except Reach E, between 1940 and 2002, for a total decrease of 62% (Table 5, 
Figure 7-(5), 7-(6). 
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Figure 7. Comparisons of 1940 and 2002 channel area. 

(1) Mainstem channel area 

(2) Difference in mainstem channel area 

(3) Secondary channel area 

(4) Difference in secondary channel area 

(5) Ratio of secondary to mainstem channel area 

(6) Difference in ratio of secondary to mainstem channel area
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Channel Length and Sinuosity. Comparison of post-Howard Hanson Dam channel lengths 
with historical lengths varies by reach. Post-dam channel length in stable Reach A is near 
the high end of the historical range, as it is in unconfined Reach C (Table 6, Figure 8). Post-
dam channel length is at the low end of the historical range in Reaches B and D, which have 
been shortened and confined by levees and bank armoring (Table 6, Figure 8). In Reach E, 
current channel length is again within the historical range following cutoff of a meander bend 
initiated by a natural logjam. Prior to this bend cutoff, post-dam channel length was higher 
than the historical range because meander bends had been locked in place by bank armoring 
(Table 6, Figure 8). 

CHANNEL LENGTH (ft)

REACH 1867/1882 1898/1906 1936/1943 1940 1960 1992 2002

A 15,613 14,800 15,600 15,896 15,800 15,600 16,121

B 12,906 12,100 10,900 11,782 10,600 10,500 10,747

C 12,704 11,800 14,400 12,580 11,500 13,500 14,107

D 22,619 21,600 19,900 20,300 20,000 19,900 20,257

E 8,215 7,400 8,000 8,086 9,400 10,700 7,806

Table 6. Channel lengths between about 1900 and 2002. Data are from Perkins 1993 except 
2002, which were measured from ortho-photos using GIS. 

Figure 8. Differences in channel lengths between about 1900 and 2002. Channel lengths 
for 1898, 1900, 1936, 1943, 1960, and 1992 were obtained from Perkins 1993; channel lengths 
for 2002 were measured from aerial photographs in GIS. 

Pre- and post-dam channel sinuosity also varied over time and between reaches (Table 7, 
Figure 9). Gravel bed rivers typically have sinuosity in the 1.1 to 1.3 range, except where 
tight bends are held in place by unerodible banks. Otherwise, channel cutoffs and avulsions 
straighten and shorten the channel.
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CHANNEL SINUOSITY

REACH 1989/1906 1936/1943 1960 1992 2002

A 1.41 1.49 1.51 1.48 1.54

B 1.19 1.07 1.04 1.03 1.05

C 1.30 1.58 braided 1.48 1.55

D 1.21 1.12 1.12 1.12 1.14

E 1.10 1.19 braided 1.60 1.17
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Table 7. Channel sinuosity during the study period. Gravel bedded rivers typically have 
sinuosity in the 1.1 to 1.3 range. Sinuosity of meandering rivers is 1.5 or greater, straight rivers 
have sinuosity less than 1.1, and braided rivers have multiple channel threads that join and 
split apart and may be separated by either an unvegetated gravel bar or forested island. Data 
are from Perkins 1993 except 2002, which were measured from ortho-photos using GIS.

Figure 9. Differences in channel sinuosity between 1900 and 2002. Channel lengths 
for 1898, 1900, 1936, 1943, 1960, and 1992 were obtained from Perkins 1993, as were valley 
lengths used in all sinuosity calculations. Channel lengths for 2002 were measured from aerial 
photographs in GIS.

Reach A is the only channel that has consistently meandered over the past 100 years (Table 
7, Figure 9). Reaches B, C and D had similar sinuosity in 1898 (about 1.2 to 1.3). After the 
downstream portion of Reach B was straightened in the 1920’s and 1930’s, Reach C became 
much more sinuous (increasing from 1.3 in 1898 to 1.6 in 1936) possibly because more 
gravel was now being transported through Reach B and deposited in Reach C. Sinuosity in 
Reach E has generally been around 1.1 to 1.2, except in 1960 when the channel was braided 
(Reach C was also braided in 1960 because of a very large flood in 1959). The braided Reach E 
channel had evolved to a meandering channel by 1992. The meandering form was probably 

Middle Green River Restoration Blueprint Report — 2006

30



TIME PERIOD

REACH 1900-1940 1940-1960 1960-1973 1973-1992

Average Channel Migration Rates (ft/yr)

A 1.9 0.8 1.5 0.7

B 2.1 3.7 0.5 0.8

C 10.3 20.3 12.5 10.6

D 4.1 5.0 3.0 3.2

E 7.3 9.3 4.8 2.0

Average Channel Migration Rates Eroding Areas Only (ft/yr)

A 4.7 2.9 5.2 2.6

B 5.3 10.1 7.0 2.3

C 13.7 20.8 18.9 13.4

D 6.0 6.3 8.1 5.9

E 9.3 9.9 7.5 3.1

Proportion of Reach with Measurable Net Bank Erosion (%)

A 40 34 27 25

B 40 37 8 34

C 75 98 66 77

D 68 80 40 56

E 79 95 56 39

exaggerated by revetments that locked meander bends in place. A channel avulsion and 
bend cutoff in 1996 to 2000 returned Reach E sinuosity to its former range. Sinuosity of Reach 
D has been stable at about 1.1 since 1936. Howard Hanson Dam and the levees built in the 
1960’s appear to have had the most affect on sinuosity in Reach B, where post-dam sinuosity is 
substantially and consistently lower than pre-dam sinuosity (Table 7, Figure 9).

Channel Migration and Bank Erosion. Channel migration rates are from Perkins 1993. They 
were calculated by dividing the distances between successive channel positions shown on 
maps and aerial photographs by the elapsed time between channel positions.

The rate of average channel migration is equal to or below the lowest pre-dam rate in every 
reach since Howard Hanson Dam began controlling flood volumes in 1962 (Table 8, Figure 
10a). Bank armoring after 1960 also contributed to decreased channel migration rates. When 
migration rates are examined only in eroding areas, the decrease in channel migration since 
flood control and bank armoring is even more pronounced (Table 8, Figure 10b). The current 
channel migration rate in Reach E is probably higher than shown because of recent meander 
bend cutoff. 

Table 8. Channel migration and erosion rates over the last 100 years.
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Figure 10. Channel migration rates over the last 100 years. The time periods 1900 to 1940 
and 1940 to 1960 represent pre-dam conditions, and the time periods 1960 to 1973 and 1973 
to 1992 represent post-dam conditions. All data are from Perkins 1993, except 2002 data, which 
were measured from ortho-photos using GIS. 

The post-dam proportion of channels with net measurable erosion is less than pre-dam 
amounts in all of the reaches except Reach C (Table 8, Figure 11).
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Figure 11. Proportion of channels with net measurable erosion in the study reaches 
over the last 100 years. The time periods 1900 to 1940 and 1940 to 1960 represent pre-
dam conditions, and the time periods 1960 to 1973 and 1973 to 1992 represent post-dam 
conditions. Data are from Perkins 1993.

Unconstrained banks in the Optimal Habitat Corridor are potentially erodible banks where 
channel migration is possible.The potential or “target” unconstrained banks include those 
streambanks currently constrained by levees and/or revetments. Streambanks along valley 
walls are considered naturally constrained.  Reach A has the greatest amount of naturally 
constrained streambanks (47%); the other reaches all have less than 10% naturally constrained 
streambanks (Table 4). Data are from Perkins 1993. Only about half (28%) of the 57% optimal 
habitat condition target for unconstrained banks in Reach A is currently unconstrained (Figure 
12). About one third of the target for unconstrained banks in reaches D and E is currently met, 
and about three quarters of the target in Reach B is currently met (Figure 12). Most of the 
banks in Reach C are currently unconstrained (Figure 12).
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Figure 12. Comparison of proportions of existing unconstrained banks with optimal 
habitat condition targets among reaches. The proportion of valley wall (reported as % cliff 
in Perkins 1993) that naturally armors banks was subtracted from the target in each reach, 
which is why the target is not 100% in all reaches.

Although 73% of the banks in Reach B are currently unconstrained by bank armor, channel 
migration is still constrained in this reach. Channel straightening in the early part of the 20th

century increased channel gradient so that sediment is no longer deposited in this reach. 
Without gravel bars that force high-velocity flow against the banks, the channel remains 
straight and has become locked in place. Even severe flooding in 1959 was insufficient to 
reinitiate channel migration. 

Pools. The existing numbers of pools are well below Optimal Habitat Corridor condition 
targets in all of the reaches (Table 9, Figure 13). The range of target number of pools is very 
large because it includes two pool frequency recommendations: a pool every six channel 
widths on the low end (WRIA 9 and King County 2004) and a pool every 1.4 channel widths 
on the high end (Collins et al. 2002). Both recommendations were included because they 
encompass current thinking within the scientific and resource management communities 
about optimal pool frequency. The wide range allows flexibility in recovery of pool habitat by 
providing a low value toward which to work in the short-term, and a high value that may be 
the optimal goal for the future. Target pool ranges were calculated by dividing minimum and 
maximum historical channel lengths during a 100-year period by the average channel width 
and multiplying by pool frequency. Length measurements from the following years were 
included: 1898/1906, 1936/1943, 1960, 1992 (Perkins 1993); 1867/1882, 1940, and 2002 (GIS 
analysis).
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CHANNEL SIZE (ft) NUMBER OF POOLS

Length Existing 6 CW 1.4 CW

REACH

Channel

Width Min Max (2002) Min Max Min Max

A 136 14,800 16,100 5 18 20 77 84

B 121 10,500 12,100 1 15 17 62 71

C 129 11,500 14,400 11 15 19 64 80

D 152 19,900 22,619 9 22 25 94 106

E 142 7,400 10,700 7 9 13 37 54

Table 9. Existing and optimal habitat condition target pool numbers. Channel widths and 
2001 pool numbers are from R2 Resource Consultants, Inc. 2002. Channel lengths are from 
Perkins 1993 and GIS analysis of ortho-photos and survey maps. Pool spacing criteria are from 
draft WRIA 9 Necessary Future Conditions (2004; 6 CW) and Collins et al. 2002 (1.4 CW).

Figure 13. Existing number of pools and optimal habitat condition target pool ranges. 
Two ranges of target pool numbers are presented. The lower range is based on a pool 
frequency  recommended by WRIA 9 and King County 2004, and the upper range is based on 
a pool frequency recommended by Collins et al. 2002. Numbers of pools are currently below 
both target ranges in all study reaches.
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CHANNEL LENGTH
(miles)

MEANDER JAMS
(#/mile)

BAR APEX JAMS (#/mile)

REACH 1936 1960 1998 1936 1960 1998 1936 1960 1998

A 2.95 2.99 3.05 0 NA 0 0.34 NA 0

B 20.6 2.01 2.04 0.48 0 0 0.48 1.49 0

C 2.73 2.18 2.67 1.83 0.92 0.37 1.47 3.67 0.37

D 3.77 3.79 3.84 0.53 0.26 0 0.27 1.58 0.52

E 1.52 1.78 1.48 0 1.12 0.68 0 2.81 1.35

Reach A currently has 5 pools, Reach B has 1 pool, Reach C has 11 pools, Reach D has 9 pools, 
and Reach E has 7 pools (Table 9, Figure 13). Pool targets based on the WRIA 9 Necessary 
Future Conditions criteria of one pool every six channel widths are 18-20 pools in Reach A, 15-
17 pools in Reach B, 15-19 pools in reach C, 22-25 pools in Reach D, and 9-13 pools in Reach E 
(Table 9, Figure 13). Pool targets based on analog data from the Nisqually River (Collins et al. 
2002) of one pool every 1.4 channel widths are 77-84 pools in Reach A, 62-71 pools in Reach 
B, 64-80 pools in Reach C, 94-106 pools in Reach D, and 37-54 pools in Reach E (Table 9, Figure 
13).

Logjams. The existing number of logjams is well below optimal habitat condition targets with 
two exceptions: Reaches C and E both exceeded the meander jam (MJ) target of 0.2 meander 
jams per mile in 1998 (Abbe 2000) (Table 10, Figure 14). Reach C had 0.4  MJ per mile and 
Reach E had 0.7 MJ per mile (Table 10, Figure 14). No meander jams were present in any of the 
other reaches in 1998. None of the reaches met the bar apex jam (BAJ) target of 4.8 BAJ per 
mile (Abbe 2000). In 1998, there were no BAJs in Reaches A and B, 0.4 BAJ per mile in Reach C, 
0.5 BAJ per mile in Reach D, and 1.3 BAJ per mile in Reach E (Table 10, Figure 14).

Table 10. Existing and historical logjam numbers. Channel lengths are from Perkins 1993 
and GIS analysis of survey maps and ortho-photos. Logjam data are from Perkins 1999.
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Figure 14. Historical and current logjam frequency and optimal habitat condition 
targets. Logjam data are from Perkins 1999. Targets are based on analog data from the Queets 
River, Washington (Abbe 2000). 
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5. PROPOSED ACTIONS
The Blueprint proposes several general types 
of projects to restore ecosystem processes. The 
intention of these types of actions is to restore 
processes so that they will be self-sustaining under 
the changed conditions created by Howard Hanson 
Dam. These projects include:

1. levee/revetment setback or removal and 
floodplain excavation to restore channel migration, 
floodplain connectivity, and local sediment 
recruitment; 

2. invasive non-native plant control and riparian forest revegetation to restore riparian 
forest functions and large woody debris supply and recruitment;  

3. road and bridge replacement or removal to eliminate constraints on flow or channel 
migration within the Optimal Habitat Corridor channel migration zone; and

4. purchase and removal of structures within the severe hazard channel migration zone 
to restore channel migration and floodplain connectivity, and to prevent the need for 
future bank armoring or future damage to private property.

Several other actions are proposed to substitute for habitat while ecosystem processes are 
being restored, and to permanently substitute for ecosystem processes that are impaired 
by operation of Howard Hanson Dam. Logjam installation, gravel addition, side channel 
construction or enhancement, and tributary enhancement fall into this category. These 
projects are not intended to restore ecosystem processes, and some actions (gravel and wood 
addition) will need to be undertaken regularly in perpetuity to substitute for gravel and wood 
retained by Howard Hanson Dam. However, gravel and wood that is added to substitute 
for natural recruitment also contribute to restoration of natural processes such as channel 
migration and side channel formation. 

The proposed projects are described in the following table (Table 11) and identified on aerial 
maps (Figures 15a-e, pages 50-54). The reach in which each project is located is identified in 
the first table column, titled: “Project.”  The “Tiers” are discussed in more detail in section 6.5 on 
page 69.
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PROJECT PHASE ALT TIER PROJECT NAME
PRIMARY ECOSYSTEM
PROCESS AFFECTED

A1 1
Flaming Geyser
floodplain reconnection floodplain connectivity

A2 1
Flaming Geyser side
channel floodplain connectivity

A3 1
GLO floodplain
reconnection floodplain connectivity

A5 1
side channel inlet
connection floodplain connectivity

A6 1 1
Flaming Geyser Bridge
revetment removal

channel migration (minor
effect)

A6 2 1
Flaming Geyser Bridge
revetment removal

channel migration (minor
effect)

A7 1 1

Flaming Geyser Road
revetment removal, road
setback and revetment

channel migration (minor
effect)

A7 2 1

Flaming Geyser Road
revetment removal, road
setback and revetment

channel migration (minor
effect)

A7 3 1

Flaming Geyser Road
revetment removal, road
setback and revetment

channel migration (minor
effect)

A7 4 1

Flaming Geyser Road
revetment removal, road
setback and revetment

channel migration
(minimal effect)

A8 1
Green Valley Road Levee
removal/set-back

riparian forest
succession, nutrient
cycling

A9 2 site-specific logjams wood routing

A10 2
reach-wide logjam and
wood addition

wood routing and
recruitment

A11 1 gravel addition sediment flux

A13 1 1
Japanese knotweed
removal

riparian forest
succession

A13 2 1
reach-wide invasive plant
control

riparian forest
succession

Table 11a. Proposed projects and actions. See Figure 15 for project locations. Some actions 
are not shown on Figure 15 because they are reach-wide. These actions include non-native 
invasive plant control and riparian revegetation.
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A14 2 1 riparian revegetation

riparian forest
succession, wood
recruitment

A17 1
Fill removal floodplain
reconnection floodplain connection

B1 1 1 Imhoff Levee
channel migration (minor
effect)

B1 2 2 Imhoff Levee channel migration

B2 1 1 Meyer Dike
channel migration (minor
effect)

B2 2 2 Meyer Dike channel migration

B2 3 3 Meyer Dike channel migration

B3 1
Whitney Bridge
Revetment removal

channel migration (minor
effect)

B4 1
Margarite Hansel
Revetment channel migration

B5 1 2
channel lengthening/
floodplain reconnection

channel migration,
floodplain connectivity,
sediment flux

B5 2 3

channel lengthening/
floodplain
reconnection/Green
Valley Road relocation

channel migration,
floodplain connectivity,
sediment flux

B7 1 1

floodplain reconnection
downstream of Whitney
Bridge floodplain connectivity

B7 2 2

floodplain reconnection
downstream of Whitney
Bridge floodplain connectivity

PROJECT PHASE ALT TIER PROJECT NAME
PRIMARY ECOSYSTEM
PROCESS AFFECTED

A14 1 1 riparian revegetation

riparian forest
succession, wood
recruitment

reach-wide invasive plant riparian forest

Table 11b. Proposed projects and actions (Continued). See Figure 15 for project locations. 
Some actions are not shown on Figure 15 because they are reach-wide. These actions include 
non-native invasive plant control, riparian revegetation, and home buy-outs.
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B11 1 1 riparian revegetation

riparian forest
succession, wood
recruitment

B11 2 1 riparian revegetation

riparian forest
succession, wood
recruitment

B13 1
Newaukum Creek
Confluence tributary connectivity

B14 3 Crisp Creek enhancement tributary connectivity

B16 3
Crisp Creek tributary
channel tributary connectivity

C1 1 1 Lones Levee channel migration

C1 2 2 Lones Levee channel migration

C2 2
logjam addition and
wood addition

wood routing and
recruitment

B7 3 3

Whitney Bridge
improvements and
floodplain reconnection

riparian forest
succession, floodplain
connectivity

B9 1 2
logjam addition and
wood addition

wood routing and
recruitment

B9 2 3
logjam addition and
wood addition wood routing

B10 1 1
Japanese knotweed
removal

riparian forest
succession

B10 2 1
reach-wide invasive plant
control

riparian forest
succession

PROJECT PHASE ALT TIER PROJECT NAME
PRIMARY ECOSYSTEM
PROCESS AFFECTED

C3 1 1
Japanese knotweed
removal

riparian forest
succession

C3 2 1
reach-wide invasive plant
control

riparian forest
succession

C4 1 1 riparian revegetation

riparian forest
succession, wood
recruitment

Table 11c. Proposed projects and actions (Continued). See Figure 15 for project locations. 
Some actions are not shown on Figure 15 because they are reach-wide. These actions include 
non-native invasive plant control, riparian revegetation, and home buy-outs.
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D1 2 2 Turley Levee channel migration

D2 1 "Horse" Levee channel migration

D3 1 1 Hamakami Levee setback
channel migration (minor
effect)

D3 2 2
Hamakami Revetment
setback channel migration

D3 3 3
Hamakami Revetment
removal channel migration

D4 1 1 Horath Levee
channel migration (minor
effect)

D4 2 2 Horath Levee channel migration

D4 3 3 Horath Levee channel migration

C4 2 1 riparian revegetation

riparian forest
succession, wood
recruitment

C5 1 O'Grady enhancement

riparian forest
succession, wood
routing

C6 1 1 CMZ buy-outs near river channel migration

C6 2 2
CMZ buy-outs farther
from river channel migration

C7 1 Burns Creek restoration water quality

C9 2 Burns Creek relocation water routing

D1 1 1 Turley Levee floodplain connectivity

PROJECT PHASE ALT TIER PROJECT NAME
PRIMARY ECOSYSTEM
PROCESS AFFECTED

D5 1 1 Kaech Levee

channel migration (minor
effect), riparian forest
succession

D5 2 3 Kaech Levee

channel migration ,
riparian forest
succession

D6 1 1 Neely Levee: upstream

channel migration (minor
effect), riparian forest
succession

Table 11d. Proposed projects and actions (Continued). See Figure 15 for project locations. 
Some actions are not shown on Figure 15 because they are reach-wide. These actions include 
non-native invasive plant control, riparian revegetation, and home buy-outs.
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D9d 1 floodplain reconnection

channel migration,
floodplain connectivity,
sediment flux

D9e 1 1 floodplain reconnection
channel migration,
floodplain connectivity

D9e 2 2 floodplain reconnection
channel migration,
floodplain connectivity

D6 2 3 Neely Levee: upstream

channel migration,
riparian forest
succession

D7 1 1 Porter Levee channel migration

D7 2 2 Porter Levee channel migration

D7 3 3 Porter Levee removal channel migration

D8 2
logjam and wood
addition

wood routing and
recruitment

D9a 2 floodplain reconnection

channel migration,
floodplain connectivity,
bedload supply and
transport

D9b 1 floodplain reconnection
channel migration,
floodplain connectivity

D9c 1 floodplain reconnection
channel migration,
floodplain connectivity

PROJECT PHASE ALT TIER PROJECT NAME
PRIMARY ECOSYSTEM
PROCESS AFFECTED

D9f 2

floodplain
reconnection/Neely
Bridge improvements

channel migration,
floodplain connectivity

D9g 3 floodplain reconnection
channel migration,
floodplain connectivity,

D10 2 Tributary 09.0098
riparian forest
succession

D11 1 Soos Creek Confluence tributary connectivity

D12 1 3

Auburn-Black Diamond,
RR, and Highway 18
bridge replacements

channel migration (bank
erosion), riparian forest
succession

Table 11e. Proposed projects and actions (Continued). See Figure 15 for project locations. 
Some actions are not shown on Figure 15 because they are reach-wide. These actions include 
non-native invasive plant control, riparian revegetation, and home buy-outs.
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D12 2 3

Auburn-Black Diamond,
RR, and Highway 18
Bridge removals and
tunnel beneath CMZ

channel migration (bank
erosion), riparian forest
succession

D14 1 1 Neely Levee: downstream 

Neely Levee: downstream 

channel migration,
riparian forest
succession

D14 2 3

channel migration,
riparian forest
succession

D15 3
Green Valley Road
relocation

channel migration (bank
erosion), riparian forest
Succession

D16 1 1
Japanese knotweed
removal

riparian forest
succession

D16 2 1
reach-wide invasive plant
control

riparian forest
succession

D17 1 1 riparian revegetation

riparian forest 
succession,
wood recruitment

PROJECT PHASE ALT TIER PROJECT NAME
PRIMARY ECOSYSTEM
PROCESS AFFECTED

D17 2 1 riparian revegetation

riparian forest
succession, wood
routing

E2 1 1 Mueller Revetment
channel migration,
floodplain connectivity

E2 2 3 Mueller Revetment
channel migration,
floodplain connectivity

E3 1 Pautzke Levee channel migration

E4 1 2 Fenster Levee channel migration

E4 2 3 Fenster Levee channel migration

E5 2
logjam and wood
addition

wood routing and
recruitment

Table 11f. Proposed projects and actions (Continued). See Figure 15 for project locations. 
Some actions are not shown on Figure 15 because they are reach-wide. These actions include 
non-native invasive plant control, riparian revegetation, and home buy-outs.
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E6 1 1
Japanese knotweed
removal

riparian forest
succession

E6 2 1
reach-wide invasive plant
control

riparian forest
succession

E7 1 1 riparian revegetation

riparian forest
succession, wood
recruitment

E7 2 1 riparian revegetation

riparian forest
succession, wood
routing

E9 3 railroad relocation channel migration

E10 1 floodplain reconnection
channel migration,
floodplain connectivity

PROJECT PHASE ALT TIER PROJECT NAME
PRIMARY ECOSYSTEM
PROCESS AFFECTED

Table 11g. Proposed projects and actions (Continued). See Figure 15 for project locations. 
Some actions are not shown on Figure 15 because they are reach-wide. These actions include 
non-native invasive plant control, riparian revegetation, and home buy-outs.
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Figure 15a. Reach A Projects. 
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Figure 15b. Reach B Projects. 
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Figure 15c. Reach C Projects. 
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Figure 15d. Reach D Projects. 
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Figure 15e. Reach E Projects. 
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5.1.  Reach Summaries
General restoration activities proposed for each reach are summarized below:

Reach A:
•   Restore floodplain connectivity by removing or setting back levees and revetments, 

excavating portions of the floodplain to re-size for post-dam flows, and adding gravel 
and wood to the channel. 

•   Restore the riparian forest and local wood recruitment by planting native trees and 
controlling non-native invasive plants. 

•   Substitute for logjams by installing wood in the channel and floodplain. Substitute for 
sediment supply by adding gravel to the channel.

Reach B:
•  Restore channel migration and floodplain connectivity by constructing meander bends 

and excavating portions of the floodplain. 

•  Alter roads and bridges so they do not constrain channel migration within the Optimal 
Habitat Corridor channel migration zone. 

•  Restore the riparian forest and local wood recruitment by planting native trees and 
controlling non-native invasive plants. 

•  Prevent the need for future bank armor projects by purchasing homes within the severe 
hazard channel migration zone. 

Reach C:
•  Restore the riparian forest and local wood recruitment by planting native trees and 

controlling non-native invasive plants. 

•  Substitute for logjams by installing wood in the channel and floodplain. 

•  Prevent the need for future bank armor projects by purchasing homes within the severe 
hazard channel migration zone. 

Reach D: 
•  Restore channel migration and floodplain connectivity by removing or setting back 

levees and revetments, excavating portions of the floodplain to re-size for post-dam 
flows, and adding wood to the channel. 

•  Alter roads and bridges so they do not constrain channel migration within the Optimal 
Habitat Corridor channel migration zone. 

•  Restore the riparian forest and local wood recruitment by planting native trees and 
controlling non-native invasive plants. 

•  Substitute for logjams by installing wood in the channel and floodplain. 

•  Prevent the need for future bank armor projects by purchasing homes within the severe 
hazard channel migration zone.
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Reach E: 
•  Restore channel migration and floodplain connectivity by removing or setting back 

levees and revetments, excavating portions of the floodplain to re-size for post-dam 
flows, and adding wood to the channel. 

•  Alter roads, railroads, and bridges so they do not constrain channel migration within the 
Optimal Habitat Corridor channel migration zone. 

•  Restore the riparian forest and local wood recruitment by planting native trees and 
controlling non-native invasive plants. 

•  Substitute for logjams by installing wood in the channel and floodplain.

Many levee/revetment setback or removal projects have more than one alternative. 
Alternatives usually reflect project options that have been suggested to accommodate 
different constraints. For example, Alternative 1 of a revetment setback/removal project 
proposes setting the revetment back to the edge of land in the Farmlands Preservation 
Program. Alternative 2 of the project varies depending on whether a road is located within 
the Optimal Habitat Corridor CMZ. If no road is present, Alternative 2 proposes removing 
the revetment entirely. If a road is present, Alternative 2 proposes setting the revetment 
back to the edge of the road, and Alternative 3 proposes removing the revetment entirely in 
combination with moving the road outside the Optimal Habitat Corridor CMZ.

A project is phased when it makes sense to construct portions of the project independently of 
each other, usually because one portion of the project has fewer constraints than another, or 
one portion of the project is a higher priority than another. 

Phases and alternatives differ in that you may construct Phase 1 of a project now and Phase 2 
later, whereas alternatives are intended to be either/or choices. For example: Alternative 1 will 
be selected if it is determined that an alternative with a higher ecological value will never be 
feasible; Alternative 2 will be selected if the road is to remain in place; or Alternative 3 will be 
selected if the road is to be moved.

5.2.  Project Selection
One of the purposes of the Blueprint is to recommend projects for current and future design 
and construction. A simple list of prioritized projects cannot reflect sequencing relationships 
among projects, nor minor differences in project scores. Therefore, a two-step process for 
identifying and recommending Blueprint projects for design and construction was developed 
to address these factors. In the first step, a project is selected based on its general priority 
(Figure 16). In the second step, other actions that should take place prior to or at the same 
time as the selected project (sequencing) are identified (Figure 17). The way these figures work 
together is described below.

Reach-scale project ranking and prioritization identifies the value and priority of all the 
proposed projects relative to one another (Figure 16). Projects are grouped into a bin based on 
eco-unit score (y-axis) and a hierarchy of ecosystem processes (x-axis), as described in Section 
3.4. Projects within a bin are of similar priority and represent a pool from which to draw for 
implementation. High priority bins are located to the upper left of each reach whereas low 
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priority bins are located to the lower right. The eco-unit score has been divided into three 
general categories of high, medium, and low. Ecosystem processes have been arranged so 
that projects that influence processes that tend to drive other processes are of higher priority 
than projects that influence processes that tend to be driven by other processes. For example, 
Project A11: Gravel Addition is of higher priority than Project A13: Invasive Plant Control 
(location on x-axis) even though they have similar eco-unit scores (location on y-axis) because 
sediment supply tends to “drive” ecosystem process such as channel migration and floodplain 
connectivity, whereas riparian forest succession tends to be “driven” by other processes such as 
flooding, sediment deposition, and channel migration.  

Sub-reach scale project ranking identifies relationships between projects (Figure 17). The x- 
and y-axes are the same as those described above, but bins represent relationships among 
actions rather than projects of similar priority. Actions that are connected by phasing, 
alternatives, or sequencing are grouped into a “bin”, and sequencing relationships between 
actions within a bin are identified by arrows. An action is always located under the appropriate 
ecosystem process (x-axis location), but low scoring actions are sometimes located adjacent 
to higher scoring actions (y-axis location) so that sequencing relationships can be illustrated 
(the relative score--high, medium, or low--of a project is presented after the project name in 
parentheses). For example, project A9 has an overall low score, but it is located high on the y-
axis because it is connected to project A1, which has an overall high score (Figure 17a).

The Blueprint does not identify specific projects for early implementation. Rather, the 
Blueprint provides the process by which projects may be selected based on ecological 
value, current feasibility, and sequencing relationships with other projects. However, general 
recommendations for early actions are discussed in Section 7 in this report. 
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6. CONSTRAINTS AND 
FEASIBILITY
Major current constraints to implementing restoration 
projects in the Blueprint Study Area include agricultural 
preservation policies, the presence of structures such as homes 
or outbuildings, potential recreational boater concerns, and 
the presence of infrastructure such as roads and bridges. These 
constraints limit the current feasibility of many of the proposed 
Blueprint projects, but none were considered permanently 
unalterable for Blueprint planning purposes. The only constraint 
to restoration in the Middle Green River that was considered 
permanent is the effect of Howard Hanson Dam on flood control 
and retention of wood and gravel from the upper watershed. 

6.1.  King County Land-use Policies and Regulations
Agricultural Production District. In 1985, the King County Council-adopted Comprehensive 
Plan designated Agricultural Production Districts (APD), and later applied agricultural zoning 
to these districts. In 2004, King County amended its Comprehensive Plan, and language 
limiting salmon habitat restoration in APDs was added. Policy R-542 allows aquatic habitat or 
floodplain restoration on agricultural lands only if they are unsuitable for direct agricultural 
production purposes. These lands are described in the policy, which states in part that:

Aquatic habitat restoration projects are allowed on agricultural lands that are 

unsuitable for direct agricultural production purposes, such as portions of the 

property that have not historically been farmed due to soil conditions or frequent 

flooding, and which cannot be returned to productivity by drainage maintenance, or 

if a project would result in a net benefit to agricultural productivity. Such projects may 

only be allowed on agricultural lands when there are no other suitable lands available 

and the project is supported by landowners who would be affected by the project, 

and when: a) the project is included in an approved Water Resources Inventory Area 

Plan, Farm Management Plan, Flood Hazard Reduction Plan, or other functional plan; 

or b) the project would improve agricultural productivity within the APD.

More than 1,200 acres of Optimal Habitat Corridor identified for restoration are located 
within the APD, compared with 380 acres located outside the APD (Figure 18). These data 
illustrate the difficulty of implementing effective ecological restoration throughout much of 
the Blueprint planning area. The policy particularly affects Reaches B and D because they are 
located entirely within the APD, and agricultural lands in these reaches are often immediately 
adjacent to the river (Figure 18a). Thus, many of the highest-ranked Blueprint projects, which 
emphasize restoring ecosystem processes, cannot currently be implemented because of R-542. 
However, the policy does not restrict ecological restoration in Reaches A and E because they 
are not within the APD (Figure 18). Also, R-542 has little effect on restoration projects in Reach 
C because much of Reach C is under public ownership.
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Figure 18. Implications of agricultural lands policy on restoration of channel migration 
and floodplain connectivity in the Optimal Habitat Corridor. Areas included in proposed 
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production areas and non-agricultural production areas (blue and green). Lands not included 
for proposed floodplain restoration are also presented (white and gray)
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Farmland Preservation Program (FPP). In 1979, King County voters approved a $50 million 
ballot measure to protect farmland threatened by development. By purchasing development 
rights in agricultural areas, the FPP—through covenants between the county and private 
landowners—restricts development and limits uses to primarily agriculture. Some residential 
construction is allowed as long as impervious area remains less than 5% of the FPP property 
acreage. However, ecological restoration projects as outlined in this report are essentially not 
allowed on farmable portions of FPP properties. All FPP properties are within APDs. The FPP 
properties remain in private ownership, but the county owns the development rights. This 
program has successfully prevented thousands of acres of King County farmland from being 
residentially or commercially developed. King County’s Comprehensive Plan Policy R-535 
endorses the FPP. Because the FPP was based on a vote of the people, amending it would also 
likely require a public vote, along with King County Council approval. 

The FPP does not restrict ecological restoration in Reaches A and E because no FPP properties 
are located in these reaches (Figure 18). Implementing Blueprint restoration projects in 
Reaches B, C, and D will be difficult, however, because many Optimal Habitat Corridor acres 
are within the FPP (Figure 18-1). Within the Middle Green River APD, 362 acres are designated 
FPP: 268 acres in Reach D, 49 acres in Reach C, and 45 acres in Reach B (Figure 18-2). Many 
of the highest-ranked Blueprint projects cannot currently be implemented because of FPP 
restrictions on habitat restoration.

Critical Areas Ordinance (CAO). The King County Critical Areas Ordinance is intended 
to protect environmentally sensitive areas such as streams, wetlands, and flood hazard 
areas. However, there is language in the ordinance that could affect the implementation of 
restoration projects along the Middle Green River and other water bodies. For example, levee 
setbacks would be difficult to implement because this activity often requires the construction 
of a relocated levee or new revetment in flood hazard areas. Also, gravel addition could conflict 
with language prohibiting the placement of fill into the floodplain.

6.2  WRIA 9 Salmon Habitat Plan Policies 
The August 2005 WRIA 9 Salmon Habitat Plan (Green/Duwamish 2005) contains policies that 
provide guidelines for aquatic and riparian habitat restoration on agricultural lands in the 
Middle Green River. These guidelines, as they relate to the implementation of the Blueprint, are 
as follows.

The following WRIA 9 Salmon Habitat Plan policy applies to all Agricultural Production 
Districts: 

Continue riparian plantings, levee and revetment setbacks, relocation of channels and 

construction of off-channel refugia, limiting the scope of projects such that future 

farming on non-forested acreage is not precluded through acquisition unless: 

• Projects are on lands that are not farmed or deemed as farmable; or 

• Projects also present benefits for farmland such as reducing bank erosion.
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The following WRIA 9 Salmon Habitat Plan policies apply only to the Middle Green River:

For the first 10 years of the Habitat Plan, the construction of the priority habitat 

rehabilitation projects identified by the Middle Green “Blueprint” for the mainstem 

Green River shall be sequenced as follows:

1) Projects located on existing public land shall be implemented first. 

2) Projects located within the Rural and Urban Growth Areas shall be implemented second.

3) Projects that are within the Agricultural Production District, but not on farmland that is 
within the Farmland Preservation Program, shall be implemented third and shall follow 
the principles of Habitat Plan Policy I-18. 

During the second 10 years of the Habitat Plan, proposed projects that negatively 

affect tillable surface may be reconsidered. Reconsideration shall happen after there 

has been an evaluation of the results of the agricultural restoration projects that have 

occurred without negatively affecting existing tilled soils. This evaluation shall occur 

as a part of the adaptive management process.

6.3.  Structures
Based on 2004 King County Assessor’s information, land values within the Blueprint Optimal 
Habitat Corridor total $26 million, and improvement values (structures and outbuildings) 
are $45 million (Table 12, Figure 19). Given this high cost of purchasing land and structures, 
and the challenge of getting community and political support, the goal of implementing all 
the proposed Blueprint projects should be looked at from a time-frame perspective as very           
long-term.
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2004 KING COUNTY ASSESSED DOLLAR VALUE (MILLIONS)

REACH LAND IMPROVEMENTS TOTAL

Severe Hazard CMZ

A 0.6 0 1.7

B 2.7 0 11.9

C 1.6 3.5 5.1

D 1.8 2.4 4.2

E 0.7 0 1.9

All Reaches 7.4 17.5 24.8

Blueprint Projects

A 0 0 0

B 8.1 14.6 22.6

C 2.4 4.6 7.0

D 8.7 11.1 19.8

E 6.8 14.6 21.4

All Reaches 26.0 44.9 70.8

Table 12. Assessed value of private parcels. Only parcels with structural improvements 
(houses, barns, sheds, etc.) are included. The severe hazard CMZ is located entirely within the 
Blueprint Optimal Habitat Corridor. All data are from King County GIS that references the 
County Assessor Real Property Records.
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Figure 19. The assessed dollar value of land and improvements in parcels located within 
(1) the Blueprint Optimal Habitat Corridor and (2) the King County regulatory severe 
hazard channel migration zone. All data are from King County GIS.

A portion of Blueprint projects are within the severe hazard channel migration zone (SHCMZ), 
an area where new residential development is prohibited due to the potential of the river to 
eventually occupy this area (King County 2005). The value of land partly or fully within the 
SHCMZ is $7.4 million, and the value of improvements is $17.5 million (Table 12, Figure 19). 
Implementing all the proposed Blueprint projects partly or fully within the SHCMZ would likely 
take at least several decades.

Reach C has two residential structures and Reach D contains one residential structure and 
three sizable barns fully within the SHCMZ. Due to the relatively modest cost of the structures 
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in these two reaches, purchasing and removing, salvaging, or demolishing them could be 
accomplished within 10 years. Reaches A and B contain no structures within the SHCMZ. Reach 
E contains 20 homes in the SHCMZ, all within the City of Auburn, but none of these homes 
are in the area specifically targeted for restoration. Consequently, Table 12 does not assign an 
improvement value in the SHCMZ in this reach. While removing one or two of these homes for 
a restoration project might be feasible, the likelihood of removing all 20 is very remote due to 
the high monetary and social cost.

Purchasing and removing structures within the SHCMZ would reduce the need for future 
bank armoring, should the channel migrate in their direction. Structures fully within the 
SHCMZ in reaches C and D are on properties totaling an estimated 80 acres of land. Removing 
these structures would provide the river with 80 more acres of lateral movement potential, 
substantially increasing the potential for new mainstem and secondary channels, thereby 
increasing the value of aquatic habitat for fish and other aquatic organisms. 

6.4.  Potential Recreational Boater Concerns
The placement of logs or logjams in the Middle Green River can greatly enhance fish habitat, 
particularly because Howard Hanson Dam has restricted the downstream movement of logs 
since 1962. Although there are no King County policies specifically related to the placement 
of logs in rivers, projects that propose in-channel log or logjam placement may cause 
apprehension among recreational boaters because of possible safety concerns. This makes 
proposed log placement projects vulnerable to appeal during the permit process, which could 
delay implementation of these restoration projects.

Potential recreational boater concern about the effect of added logjams are a factor in all of 
the Blueprint reaches except Reach E, where a natural logjam already requires boaters to exit 
the river just upstream of Highway 18, at the downstream end of Reach D. Placement of logs 
in areas within the Optimal Habitat Corridor, but outside the active channel, avoids potential 
boater concerns but does not allow restoration of mainstem ecosystem processes that are 
dependent on in-channel logjams, such as channel migration and channel hydraulics. Logjams 
placed in the channel migration zone outside the current river channel in actively migrating 
river reaches may provide an eventual source of mainstem channel wood if the river migrates 
to their location, but would not provide main channel habitat in more stable reaches.

6.5.  Public Infrastructure  
Six bridges span the Green River between RM 46 and RM32: the Flaming Geyser State Park 
Bridge, Whitney Bridge, Neely Bridge, Auburn - Black Diamond Road Bridge, Burlington-
Northern Railroad Bridge, and the State Route 18 Bridge. Each of these bridges would be 
costly to replace, relocate, or retrofit for habitat restoration. Permitting issues would likely be 
complex, as would addressing concerns from public agencies.

Several major roads traverse the Blueprint Study Area. Roads which cross the Blueprint Optimal 
Habitat Corridor CMZ roughly perpendicular to the river include State Route 18, Auburn - Black 
Diamond Road, and 212th Way Southeast/218th Avenue Southeast. It is unlikely that any of 
these roads will be relocated because they are high-capacity roads with high use levels and 
fixed locations.
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Southeast Green Valley Road is a two-lane county road that runs roughly parallel to the river 
from about RM 45 to RM 34. Southeast Green Valley Road has the potential to be relocated 
because there are reasonable alternative locations that would greatly enhance the potential 
for habitat restoration, especially channel migration and floodplain connectivity. However, 
extensive analysis would be required to justify relocating specific segments of Southeast Green 
Valley Road and retrofitting bridges within the Blueprint Optimal Habitat Corridor.

6.6.  Feasibility  
The Middle Green River Blueprint identifies more than 100 potential projects that would 
benefit aquatic habitat within the study area (Table 11). Many projects with the highest 
scores, which are those that restore ecosystem processes rather than merely substituting for 
degraded habitat, would be very difficult to implement under current land-use and farmlands 
preservation policies. Some would also be difficult to permit and construct because of 
concerns from recreational boaters. 

To illustrate this finding, all of the proposed projects were organized into three tiers that reflect 
their current construction feasibility. These tiers apply to all of the proposed projects, whereas 
the phasing and alternatives described in Section 4.2 apply only to those projects with phases 
or alternatives (mostly levee/revetment setback and removal projects and invasive non-native 
plant control and riparian forest revegetation projects). Tier 1 projects are those that can be 
built within existing policies and regulations. Tier 2 projects require a change to farmlands 
protection policy (Farmlands Preservation Program, not Agricultural Production District) or 
recreational boater concerns. Tier 3 projects require changes to infrastructure, such as moving 
or replacing roads, bridges, or railroads.

Project Types. Existing policies and infrastructure affect different types of projects differently 
(Figure 20). Tier 1 channel migration and floodplain connectivity projects have much less 
ecological value than Tier 2 and Tier 3 channel migration and floodplain connectivity projects 
Tier 1 wood addition and tributary connectivity projects have lower value than Tier 2 wood 
addition and tributary connectivity projects but similar value to Tier 3 wood addition and 
tributary connectivity projects. This is because channel migration and floodplain connectivity 
projects are greatly affected by current farmlands preservation policies (higher tier 2 value) 
and existing infrastructure (higher tier 3 value), whereas wood addition projects are affected 
by existing recreational boater concerns (higher tier 2 value) and tributary connectivity 
projects are affected by existing farmlands preservation policies (higher tier 2 value), but 
neither is particularly affected by existing infrastructure (lower tier 3 value).

This general pattern remains when existing constraints are considered. Exceptions are that 
Tier 2 floodplain connectivity projects have slightly less value than Tier 1 and 3 floodplain 
connectivity projects, and the value of Tier 1 wood addition projects is similar to that of Tier 2 
wood addition projects.

Riparian reforestation on public lands and gravel addition projects are barely affected by 
policies, concerns, or existing infrastructure (Figure 20). These projects also received the 
highest average scores both for ecological value and for current feasibility. This makes 
them obvious early-action choices, although farmlands preservation policies may constrain 
reforestation on FPP properties. 
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Figure 20. Influence of policy, concerns, and infrastructure on different types of projects. 
Tier 1 projects can be built currently with few constraints. Tier 2 projects require substantial 
changes to current policy (primarily FPP policy and boater concerns). Tier 3 projects require 
major changes to infrastructure, such as moving a major arterial or enlarging a bridge to span 
the Optimal Habitat Corridor.

Cumulative Project Value. Constraints such as farmlands preservation policy and boater 
concerns, existing infrastructure, and existing land ownership and land-use, are not evenly 
distributed among study reaches. When the cumulative ecological value of all of the proposed 
projects is compared among reaches and tiers, some patterns emerge (Figure 21). Reach 
D, which has the largest area, also has the highest potential in proposed restoration value, 
although only about one third of the value is from projects that are currently highly feasible. 
Reaches A, B, and E have similar potential restored values, but whereas most of the value in 
Reach A is from currently feasible projects, only about 60% of the value in Reach E and about 
half of the value in Reach B are from projects that are currently feasible (assuming landowner 
agreement) . Fewer projects are proposed for Reach C because it is already highly functioning; 
about half of the value proposed for this reach is from currently feasible projects.
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Figure 21. Ecological benefit of proposed projects compared among the reaches. Tier 1 
projects can be built currently with few constraints. Tier 2 projects require substantial changes 
to current policy (primarily FPP policy and boater concerns). Tier 3 projects require major 
changes to infrastructure, such as moving a major arterial or enlarging a bridge to span the 
Optimal Habitat Corridor.
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Similar patterns are present when the restored area associated with the project is considered. 
The larger size of Reach D becomes more important when its area is considered. Reach B 
increases in value relative to Reaches A, C, and E, and Reach E decreases in value relative to the 
other reaches.

When reach size is removed from consideration, projects proposed in Reach A emerge as the 
most valuable per acre of reach. Moreover, most of the value in the projects proposed in Reach 
A is associated with projects that are currently feasible. The value per unit area is less in Reach 
D than in both Reach B and E, which have similar values per unit area. Reach C has the lowest 
value per unit area of all the reaches, but this reach is currently the most like the Optimal 
Habitat Corridor condition and therefore requires the least amount of restoration. 

Prioritizing Reaches. Different arguments may be made for concentrating restoration 
actions in one reach rather than another. Perhaps efforts should be concentrated in Reaches 
B and D because they are the least like the Optimal Habitat Corridor condition and therefore 
require the most restoration. Or perhaps efforts should be concentrated in Reach C because 
it is currently functioning most like the Optimal Habitat Corridor condition, and therefore 
requires fewer actions, and provides important refugia for the rest of the Middle Green River. 
Or perhaps efforts should be concentrated in Reaches A and E because they consist mostly of 
public land, which provides an immediate opportunity for restoration.

Feasibility often determines which projects are built, and when. This is fine if feasible projects 
are also high in ecological value (upper right box in Figure 22). But what actions are to be 
taken once the high-value/high-feasibility projects have been built? Too often, low-value/high-
feasibility projects are chosen because they are the only available actions (lower right box in 
Figure 22). The solution is either to increase the ecological value of highly feasible projects, or 
to increase the feasibility of highly valuable projects (indicated by dashed arrows in Figure 22). 

In the Blueprint, proposed high value/high feasibility projects are mostly located on public 
land and include projects identified in Sub-Reaches A1, A2, C1, and E2. Low-value/high 
feasibility projects are most often those that do not restore ecosystem processes. Because it 
is not possible to increase the ecological value of these projects and at the same time retain 
their feasibility (i.e., increasing ecological value by changing them to ecosystem process 
restoration projects makes them infeasible under current policies by changing them into high 
value/low feasibility projects), the challenge becomes to increase the feasibility of high value 
projects. The most direct way of doing this with Blueprint projects is to address the farmlands 
preservation and land use policies and boater concerns that currently limit feasibility.
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Figure 22. Schematic of project value and feasibility. High-value/high feasibility projects 
should be constructed first (upper right box). Then, increase the value of high feasibility/low 
value projects (move from lower right to upper right) or the feasibility of high value/low 
feasibility projects (move from upper left to upper right). 

It is important not to spend limited restoration dollars on projects with low ecological value 
merely because they are feasible. In addition to being a poor use of public funds, these projects 
may preclude construction of a higher value project in the future after actions are taken to 
increase feasibility. For example, it doesn’t make sense to construct low-value Alternative 
1 channel migration and floodplain connectivity projects merely because that is all that is 
allowed under current farmlands preservation policy when restoration of the processes of 
channel migration and floodplain connectivity require Alternative 2 or Alternative 3 projects 
(Figure 22). Instead, efforts should be focused on buying structures with willing sellers in 
the severe hazard CMZ and reconciling existing conflicts between channel migration and 
floodplain connectivity restoration and farmlands preservation so that high value projects will 
then be feasible.

However, because existing constraints limit the feasibility of many of the most ecologically 
valuable projects identified in the Blueprint Optimal Habitat Corridor, a Blueprint 
implementation plan was developed that would direct restoration efforts during the first 10 
to 20 years of Blueprint implementation. The Blueprint implementation plan is presented in 
Section 7 in this report.
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7. BLUEPRINT 
IMPLEMENTATION PLAN
Constraints described in Section 6 currently make 
it infeasible to implement many of the projects 
described for the Blueprint Optimal Habitat Corridor. 
Therefore, a Blueprint implementation plan that 
identifies and prioritizes projects within a narrower 
“Implementation Corridor” is described below. This 
Implementation Corridor is based on guidelines 
for habitat restoration on agricultural lands 

established as a policy recommendation in August 2005 WRIA Plan (LU-12 Agriculture). These 
guidelines hold through 2015 and will be reconsidered after 2015. This may allow projects 
outside the Implementation Corridor, but within the Blueprint Optimal Habitat Corridor, to be 
implemented at that time.

7.1.  Delineating the Implementation Corridor
The following parameters were used to identify the extent of the Implementation 
Corridor:

•  forested riparian zone

•  severe hazard channel migration zone

•  floodway.

The boundary of the Implementation Corridor corresponds to whichever of the three 
parameters is furthest from the mainstem channel at a particular location (Figure 23). The 
forested riparian zone was used as a delineation parameter because it is widely recognized as 
providing critical functions for maintenance of aquatic habitat quality and is deemed available 
for restoration per LU-12 (Green/Duwamish, 2005). The severe hazard channel migration zone 
and the floodway were used as delineation parameters because they are regulatory lines 
drawn on a map identifying boundaries within which it is generally recognized that structures 
such as houses and outbuildings are at risk from channel migration, flooding, or both. 

7.2  Implementation Corridor Projects
Some portion of each Blueprint project is located within the Implementation Corridor (Table 
13, Figures 15).

Implementation Schedule. Projects are prioritized for implementation based on the 
following criteria:

    During the first ten years (2005 to 2015): Blueprint projects located on public lands 
shouldl be implemented. These include all projects located in Reaches A and E, and 
some projects in Reach C (Table 13). Prioritization of projects on public lands is based  
on the prioritization and sequencing criteria presented in Section 5.
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OHC = Optimal habitat corridor

IC = Implementation Corridor

Public = public ownership

APD = agricultural production district

FPP = farmlands preservation program

PROJECT PROJECT NAME LAND-USE ACRES

OHC IC

FIRST 10 YEARS (2005 TO 2015)

A1 Flaming Geyser Floodplain Reconnection Public 42.993 42.993

A2 Flaming Geyser Side Channel Public 15.896 15.896

A3 GLO Floodplain Reconnection Public 15.571 15.571

A5 Side Channel Inlet Connection Public 1.176 1.176

A6-P1 Flaming Geyser Bridge Revetment Removal Public 3.497 3.497

A6-P2 Flaming Geyser Bridge Revetment Removal Public 4.62 4.62

A7-P1 Flaming Geyser Rd Revetment Public 1.389 1.389

A7-P2 Flaming Geyser Rd Revetment Rd Revetment Public 3.453 3.453

A7-P3 Flaming Geyser Rd Revetment Public 2.328 2.328

A7-P4 Flaming Geyser Rd Revetment Public 3.121 3.121

A8 Green Valley Rd Levee Public 1.033 1.033

A9 Logjam Addition Public

A10 Logjam Addition Public

A11 Gravel Addition Public

A13 Invasive Plant Control Public

A14 Riparian Revegetation Public

A17 Fill Removal Public 1.232 1.232

C5 O'Grady Enhancement Public 37.321 37.32`

After the first ten years (after 2015):

•  All Blueprint projects in the Agricultural Production District but not in the Farmlands 
Preservation Program are proposed to be implemented.

•  Blueprint projects located on lands in the Farmlands Preservation Program within the 
Implementation Corridor are proposed to be implemented (i.e., projects located on 
FPP properties with riparian forest, within the severe hazard channel migration zone, or 
within the floodway.

Table 13a. Proposed projects in the Implementation Corridor. See Figure 23 for project 
locations. Some actions are not shown on Figure 23 because they are reach-wide. These 
actions include non-native invasive plant control, and riparian revegetation. 
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E5 Logjam Addition Public

E6 Invasive Plant Control Public

E7 Riparian Revegetation Public

E9 Railroad Relocation Public 30.839 15.495

E10 Floodplain Reconnection Public 11.548 11.548

After First 10 Years (after 2015)

B1-A1 Imhoff Revetment APD 2.901 2.901

B1-A2 Imhoff Revetment APD 6.304 6.304

B2-A1 Meyer Dike APD 3.488 3.488

B2-A2 Meyer Dike APD 12.977 12.977

B3 Whitney Bridge Levee APD 4.148 4.148

B4 Margarite Hansel Revetment APD 0.823 0.823

B5-A1 Channel Lengthening APD 156.433 156.433

B7-P1 Floodplain Reconnection APD 9.087 9.087

B7-P2 Floodplain Reconnection APD 21.193 21.193

B7-P3 Floodplain Reconnection APD 20.562 20.562

B9-P1 Logjam Addition APD

B9-P2 Logjam Addition APD

B10 Invasive Plant Control APD

B11 Riparian Revegetation APD

OHC = Optimal habitat corridor

IC = Implementation Corridor

Public = public ownership

APD = agricultural production district

FPP = farmlands preservation program

PROJECT PROJECT NAME LAND-USE ACRES

D7-A1 Porter Levee Public 9.019 9.019

E2-P1 Mueller Revetment Public 23.895 23.895

E2-P2 Mueller Revetment Public 31.988 31.988

E3 Pautzke Levee Public 20.794 20.794

E4-A1 Fenster Levee Public 10.944 10.944

E4-A2 Fenster Levee Public 62.545 18.72

Table 13b. Proposed projects in the Implementation Corridor (Continued). See Figure 23 
for project locations. Some actions are not shown on Figure 23 because they are reach-wide. 
These actions include non-native invasive plant control, and riparian revegetation. 
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D7-A3 Porter Levee APD 88.465 86.622

D9b Floodplain Reconnection APD 74.971 73.096

D9d Floodplain Reconnection APD 11.079 11.079

D9e-P1 Floodplain Reconnection APD 24.744 14.079

D9e-P2 Floodplain Reconnection APD 56.769 28.565

D10 Tributary 09.0098 APD 28.841 18.906

D11 Soos Creek Confluence APD 3.524 3.524

D12 Auburn-Black Diamond, RR, and Hwy 18 Bridge APD 36.083 36.083

D15 Green Valley Road APD 139.957 118.98

B2-A3 Meyer Dike FPP 24.196 4.155

B5-A2 Channel Lengthening FPP 164.629 159.844

C1-A1 Lones Levee FPP 14.319 14.319

C1-A2 Lones Levee FPP 33.696 26.466

C6-P1 Severe Hazard Buy-outs FPP 32.369 32.369

D1-A1 Turley Levee FPP 1.544 1.544

D4-A2 Horath Levee APD 29.212 29.212

D4-A3 Horath Levee APD 94.603 94.603

D5-A1 Kaech Levee south APD 8.824 8.824

D5-A2 Kaech Levee APD 47.511 47.511

D7-A2 Porter Levee APD 23.076 16.626

OHC = Optimal habitat corridor

IC = Implementation Corridor

Public = public ownership

APD = agricultural production district

FPP = farmlands preservation program

PROJECT PROJECT NAME LAND-USE ACRES

B13 Newaulkum Creek Confluence APD 6.789 6.789

B14 Crisp Creek Enhancement APD 14.437 9.969

B16 Crisp Creek Tributary Channel APD 1.799 1.799

C7 Burns Creek Restoration APD 60.611 38.155

D2 Horse Levee APD 16.016 15.889

D4-A1 Horath Levee APD 12.803 12.803

Table 13c. Proposed projects in the Implementation Corridor (Continued). See Figure 23 
for project locations. Some actions are not shown on Figure 23 because they are reach-wide. 
These actions include non-native invasive plant control, and riparian revegetation. 
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C4 Riparian Revegetation Mixed

D16 Invasive Plant Control Mixed

D17 Riparian Revegetation Mixed

D8 Logjam Addition Mixed

E6 Invasive Plant Control Mixed

E7 Riparian Revegetation Mixed

E9 Railroad Relocation Mixed 30.839 15.495

D9a Floodplain Reconnection FPP 39.184 24.075

D9c Floodplain Reconnection FPP 63.733 56.485

D9f-P1 Floodplain Reconnection - Neely FPP 29.479 17.087

D9f-P2 Floodplain Reconnection- Neely Bridge
Improvements

FPP 18.757 10.092

D9g Floodplain Reconnection FPP 55.831 49.381

D14-A1 Neely Levee FPP 15.665 13.246

D14-A2 Neely Levee FPP 16.973 0.774

C2 Logjam Addition Mixed

C3 Invasive Plant Control Mixed

OHC = Optimal habitat corridor

IC = Implementation Corridor

Public = public ownership

APD = agricultural production district

FPP = farmlands preservation program

PROJECT PROJECT NAME LAND-USE ACRES

D1-A2 Turley Levee FPP 54.43 32.935

D3-A1 Hamakami Levee FPP 7.565 7.565

D3-A2 Hamakami Levee FPP 22.349 16.413

D3-A3 Hamakami Levee FPP 78.07 18.088

D6-A1 Neely Levee FPP 18.214 5.382

D6-A2 Neely Levee FPP 29.818 2.488

Table 13d. Proposed projects in the Implementation Corridor (Continued). See Figure 23 
for project locations. Some actions are not shown on Figure 23 because they are reach-wide. 
These actions include non-native invasive plant control, and riparian revegetation. 
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7.3.  Comparisons Between Implementation and Optimal Habitat Corridors
About 73% of the Optimal Habitat Corridor is included in the Implementation Corridor (2,000 
of 2,730 acres); (Table 14, Figure 25a). Included in the Implementation Corridor is 88% of Reach 
A (196 of 222 acres), 75% of Reach B (274 of 367 acres), 81% of Reach C (556 of 684 acres), 66% 
of Reach D (742 of 1,121 acres), and 69% of Reach E (232 of 336 acres, Table 14, Figure 25b).

These acres include all categories of projects identified for the Blueprint: channel migration, 
floodplain connectivity, invasive non-native plant control, riparian revegetation, and CMZ buy-
out projects. 

Table 14. Acres of implementation and Optimal Habitat Corridors. Areas were calculated 
from GIS maps (all data are from King County GIS).

Figure 24. Comparisons of implementation and Optimal Habitat Corridors. 
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Public = publicly-owned lands

APD = lands located within the Agricultural Production District

FPP = parcels designated under the Farmlands Preservation Program

IC = Implementation Corridor

PERCENT OF OPTIMAL HABITAT CORRIDOR

FIRST 10 YEARS AFTER FIRST 10 YEARS

REACH PUBLIC APD FPP

TOTAL (IC)

A 100% 0 0 100%

B 0 60% 35% 95%

C 0 0 91% 91%

D 1% 53% 23% 77%

E 69% 0 0 69%

Total 10% 44% 25% 79%

ACRES WITHIN THE IMPLEMENTATION CORRIDOR ACRES OUTSIDE 
THE IMPLEMENTATION 
CORRIDOR

FIRST 10 YEARS AFTER FIRST 10 YEARS

REACH PUBLIC APD FPP

A 96 0 0 0

B 0 269 157 25

C 0 0 73 7

D 9 594 256 266

E 133 0 0 59

Total 194 908 486 357

Channel Migration and Floodplain Connectivity Projects. About 12% of the land identified 
for channel migration and floodplain connectivity projects in the Blueprint Optimal Habitat 
Corridor would be restored during the first ten years of Blueprint implementation based 
on the criteria described in Section 8.3 (Table 15, Figure 26). This includes all of the channel 
migration and floodplain connectivity projects proposed for Reach A (96 acres), 69% of the 
channel migration and floodplain connectivity projects proposed for Reach E (133 acres), and 
one percent of the channel migration and floodplain connectivity projects proposed for Reach 
D (9 acres, Table 16, Figure 26). 

Table 15. Percent of the Optimal Habitat Corridor composed of channel migration and 
floodplain connectivity projects in the Implementation Corridor.

Table 16. Acres of channel migration and floodplain connectivity projects located within, 
vs. outside, the Implementation Corridor. 
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After the first ten years of Blueprint implementation, an evaluation of agricultural land policies 
will need to occur. If policies are modified, an additional 44% of the land identified as Optimal 
Habitat Corridor could be restored on APD lands, and an additional 25% of Optimal Habitat 
Corridor on Farmlands Preservation Program properties could be restored (Table 15, 16, Figure 
26). This includes all channel migration and floodplain connectivity projects proposed for 
Reaches B and C (426 acres in Reach B and 73 acres in Reach C), and almost all of the channel 
migration and floodplain connectivity projects proposed for Reach D (850 acres, Table 15, 16, 
Figure 26).

If the Implementation Corridor is fully restored, about 82% (1,587 acres) of the lands identified 
for channel migration and floodplain connectivity restoration in the Blueprint Optimal Habitat 
Corridor would be restored (Table 16, Figure 26). A total of 357 acres of Blueprint Optimal 
Habitat Corridor channel migration and floodplain connectivity projects will not be restored if 
restoration is limited to the Implementation Corridor: 25 acres in Reach B, seven acres in Reach 
C, 266 acres in Reach D, and 59 acres in Reach E (Figure 26b).

Figure 25. Channel migration and floodplain connectivity projects in the Implementation 
Corridor. 
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Public = publicly-owned lands

APD = lands located within the Agricultural Production District

FPP = parcels designated under the Farmlands Preservation Program

IC = Implementation Corridor

PERCENT OF IMPLEMENTATION CORRIDOR

1ST  10 YEARS AFTER 1ST  10 YEARS

REACH PUBLIC APD FPP

A 1.00 0 0
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Note: Projects proposed on public lands will be implemented during the first 10 years of the 
Blueprint (2005 to 2015); projects proposed for APD and FPP properties will be implemented 
after the first 10 years (after 2015).

About 15% of the land identified for channel migration and floodplain connectivity projects in 
the Blueprint Implementation Corridor will be restored during the first ten years of Blueprint 
implementation (Table 17, Figure 27). This includes all of the channel migration and floodplain 
connectivity projects proposed for Reaches A and E, and one percent of the channel migration 
and floodplain connectivity projects proposed for Reach D (Figure 27).

After the first ten year of Blueprint implementation, an additional 54% of Implementation 
Corridor channel migration and floodplain connectivity projects will be restored on APD lands, 
and an additional 31%will be restored on FPP lands (Table 17, Figure 27). 

Table 17. Percent of proposed channel migration and floodplain connectivity projects in 
the Implementation Corridor.

Figure 26. Channel migration and floodplain connectivity projects in the Implementation 
Corridor, separated by land-use. 
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8. CONCLUSIONS 

8.1.  Reference, Existing, and Optimal 
Habitat Corridor Conditions

The following recommendations are organized 
according to Conditions, Constraints, and Ecological 
Value.  They are not in order of priority.

Mainstem channel area was slightly greater in 2002 
than 1940 in Reaches A and E, less in 2002 than 1940 

in Reaches B and D, and about the same in Reach C. Secondary channel area was much less in 
2002 than 1940 in all the reaches except Reach E, where a recent meander bend cut-off has 
greatly increased secondary channel habitat. The ratio of secondary channel area to mainstem 
area also decreased substantially between 1940 and 2002 in all reaches except Reach E. 

There was a total loss of nearly 10 acres of mainstem channel area and more than 58 acres of 
secondary channel area over the entire study area between 1940 and 2002. 

Channel length is within the range of lengths that occurred prior to construction of Howard 
Hanson Dam in Reaches A, C, and E and toward the low end of this range in Reaches B and D.

Reaches B, C, and D had similar sinuosity in 1898. Channel straightening, bank armoring, and 
changes in sediment transport caused by these activities has led to a reduction in sinuosity 
in Reaches B and D and an increase in sinuosity in Reach C. Sinuosity in Reaches A and E is 
slightly higher than what it was in 1898 and 1906, respectively.

Channel migration and bank erosion have both decreased since the completion of Howard 
Hanson Dam in 1962. The average channel migration rate between 1973 and 1992 (most 
recent data) is the lowest it has been during the past 100 years. The percent of post-dam net 
measurable bank erosion is less than pre-dam amounts in all of the reaches except Reach C.

The existing number of pools is well below long-term targets. The range of target number 
for pools is very large because it includes two pool spacing recommendations: six channel 
widths on the low end (WRIA 9 and King County 2004) and 1.4 channel widths on the high 
end (Collins et al. 2002). Current pool numbers and target ranges for each reach are: Reach A: 5 
current, 18-84 target; Reach B: 1 current, 15-71 target; Reach C: 11 current, 15-80 target; Reach 
D: 9 current, 22-106 target; and Reach E: 7 current, 9-54 target.

Existing numbers of logjams are well below long-term targets with two exceptions. Reaches 
C and E exceeded the meander jam (MJ) target (0.2 meander jams per mile, Abbe 2000) in 
1998, with 0.4  MJ and 0.7 MJ, respectively. No meander jams were present in any of the other 
reaches in 1998. None of the reaches met the bar apex jam (BAJ) target of 4.8 BAJ per mile 
(Abbe 2000). In 1998, there were no BAJ in Reaches A and B, 0.4 BAJ/mile in Reach C, 0.5 BAJ/
mile in Reach D, and 1.3 BAJ/mile in Reach E.
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Bearing tree data from General Land Office surveys in the late 1800’s suggest that deciduous 
trees were historically most abundant in the streamside and valley bottom riparian forest of 
the Middle Green River. Red alder, willow, bigleaf maple, cottonwood, and vine maple were 
the most abundant trees. Larger growing bigleaf maple, cottonwood, and western redcedar 
contributed the most basal area.

8.2.  Constraints
Existing agricultural land use policies and farmlands preservation program covenants severely 
limit the number and quality of channel migration and floodplain connectivity projects 
that are currently feasible. Of the nearly 2,000 acres that have been identified for potential 
restoration in the Optimal Habitat Corridor condition, over 1,200 acres are located within the 
Agricultural Production District and over 360 acres are designated Farmlands Preservation 
Program.

Boater concerns may affect the implementation of in-channel wood addition projects outside 
of Reach E, where a natural logjam requires boaters to exit just upstream of Soos Creek. Wood 
may be added to the floodplain of the other reaches, especially in actively migrating areas 
where the river may contact it.

Some structures such as homes and certain road segments affect the implementation of 
restoration projects in the optimal habitat corridor. Depending on factors such as cost, 
landowner willingness, and ecological value of the project, these contraints may be overcome.

8.3.  Ecological Restoration Value
In general, riparian forest revegetation and gravel addition projects had the highest eco-unit 
(ecological value weighted by project area) scores and are currently feasible.

Reach D has the most potential restoration value in proposed projects, mostly because it is by 
far the largest reach. However, only about one third of this potential value is associated with 
currently feasible projects (Tier 1, assuming landowner willingness ). Another third of the value 
is associated with projects that would require changes to farmlands preservation or relate to 
boater concerns (Tier 2), and the remaining third is associated with projects that would require 
major changes to infrastructure, such as moving roads or bridges (Tier 3). Reaches B, C, and 
D also have high proportions of their potential restoration value associated with Tier 2 and      
Tier 3 projects.

Reach A has the highest unit potential restoration value (ecological value divided by reach 
area) of all of the reaches, and most of that potential value is associated with currently feasible 
Tier 1 projects, although boater concerns may affect the feasibility of wood addition projects 
in the mainstem channel in this reach. Reaches B and E have the next highest unit potential 
restoration value, followed by Reaches C and D.

Reach C is unique among the study reaches because the ecosystem processes of channel 
migration and floodplain connectivity are currently functioning throughout most of the reach. 
Particular care should be taken to ensure that efforts to protect private property do not lead to 
future constraints to these processes. 
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About 73% of the Optimal Habitat Corridor is included in the Implementation Corridor     
(2,000 of 2,730 acres): 88% of Reach A, 75% of Reach B, 81% of Reach C, 66%of Reach D, and 
69% of reach E.

About 12% of the land identified for channel migration and floodplain connectivity projects 
in the Optimal Habitat Corridor will be restored during the first 10 years of Blueprint 
implementation plan. After the first 10 years, an additional 44% of land identified for Optimal 
Habitat Corridor channel migration and floodplain connectivity may be restored on APD lands, 
and an additional 25% may be restored on FPP properties.

When the Implementation Corridor is fully restored, about 82% of the lands identified for 
channel migration and floodplain connectivity restoration in the Blueprint Optimal Habitat 
Corridor will be restored.
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9. RECOMMENDATIONS
Implementing the following recommendations 
would result in greatly increasing the 
ecological value of the Blueprint study area. The 
recommendations are not in order of priority.

•  Focus initial restoration efforts (i.e., over the next 
five years) in Reach A because it has the highest unit 
potential restoration value and most of the projects 
associated with this value are currently feasible Tier 1 
projects (coordinate with Washington State Parks).

•  Pursue purchasing private homes within the severe hazard channel migration zone in 
Reach C to remove the need for future bank armoring that protects these homes as the 
channel migrates in their direction in the future.

•  Resurvey 1993 cross-sections to track progress of the gravel deficit front. Add gravel to 
Reach A (coordinate with USACOE and City of Tacoma effort).

•  Control non-native plants.

•  Implement riparian revegetation projects throughout the reaches on public lands 
and in locations where there are willing landowners. Planting projects should not be 
implemented in areas targeted for the future construction of a restoration project          
(a side-channel for example).

•  Add logjams to the mainstem channel, remove levees and reconnect the floodplain in 
Reach E, which is in public ownership.

•  Add logjams to secondary channels and the floodplain near actively migrating areas      
of the river.

•  Examine options for modifying farmlands preservation policies and boater concerns so 
that high-value ecosystem restoration projects described in this report may proceed 
while still allowing sustainable agriculture and addressing boater concerns.

•  Use the Blueprint implementation plan (Section 7) to direct ecosystem process 
restoration projects over the next 10 to 20 years.
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APPENDIX A: SCORING CRITERIA 
AND RESULTS
The following criteria were used to score each 
proposed project. Although some redundancies 
and imperfections among criteria may exist, all of 
the projects were scored using the same criteria 
so overall project rankings should be unaffected. 
Some of the major constraints, such as agricultural 
production policies, recreational boater concerns, 
and dollar costs of private parcels are discussed in 
greater detail in Section 6.

Ecological Criteria:

1.  What is the number of ecosystem processes improved? Awards points indicating the 
degree to which a proposed action will improve an ecosystem process.

2.  Does the action benefit another action? Awards points based on a project’s positive 
effect on another project.

3.  Is the site located within or near an area with high habitat value? Awards points based 
on a project’s potential to expand areas of high habitat value.

4.  Is immediate action required? Awards points based on a project’s immediate need to be 
constructed.

5.  Will the project have an immediate benefit? Awards points based on the immediate 
benefit given by a project, rather than the long-term benefit.

6.  Must the action take place prior to others? Awards points based on sequencing needs.

Constraints:

1.  Land ownership: assumes easier to construct projects on public land.

2.  Number of buy-outs: indicates potential cost and difficulty of constructing projects on 
private lands.

3.  Combined value of buy-outs: indicates categories of property costs.

4.  Relative cost: identifies projects that are prohibitively expensive, such as replacing the 
SR 18 bridge with a channel migration zone-spanning structure.

5.  Known opposition: includes concerns of recreational boaters and unwilling 
landowners.

6.  FPP designated site: asserts that habitat restoration is not currently allowed                  
on FPP lands.

7.  APD designated site: asserts that habitat restoration is greatly restricted on APD lands.

8.  Known recreational site:  asks if the project would interfere with fishing, boating, 
swimming, etc. 
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9.  Sequencing considerations: determines if other actions must take place prior to       
the action.

10.  Project design complexity: reflects potential cost and success.

11.  Project constructability: also reflects potential cost and success.

12.  Level of permitting: reflects potential cost and timeliness.

13.  Risk to property: determines if action poses a risk to property, for example some 
actions may promote channel migration or floodplain connectivity in areas with houses 
or bridges.

14.  Alterations to infrastructure: : reflects potential cost and feasibility.
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MIDDLE GREEN RIVER BLUEPRINT PROJECT 1 2
Project Prioritization Form

PHASE

REACH: ALTERNATIVE

Assessment Questions Max Score Score Score
ECOLOGICAL

     Channel migration (All-4, All-6, Mid-1, Mid-5)

Number of ecosystem processes improved (applicable WRIA 9 Conservation Hypotheses):

     Bedload supply and transport (All-6, Mid-1, Mid-3, All-3)

     Floodplain/Tributary connectivity (All-4, All-6, Mid-1, Mid-3, Mid-4, All-3, Mid-5)  

     Riparian vegetation community succession (All-2, Mid-1)

     Wood routing and recruitment (All-2, Mid-1)

     Water routing (All-4, Mid-4, Mid-5)

     Nutrient cycling (All-2)

     Energy flow (All-2)

     Bioperturbation

     Water chemistry/quality (All-2, Mid-4, All-1)      

Does the action directly benefit another action?

(two points per action benefited, up to a maximum of 10 points)

Is the site located within or adjacent to an area with high ecosystem function or habitat quality?

Is immediate action required to prevent damage or provide a future benefit to ecosystem processes or aquatic resources?

Will the action have an immediate benefit to ecosystem processes or aquatic resources?

Must the action take place prior to other actions (are other actions dependent on the action)?

     Public         Private-vacant           Private-occupied

         1 to 2               3 to 5                       >5

Combined value of structures for buy-out

     <$500,000         $500,000 - $1M         >$1,000,000

Relative cost of the action:

Low        Moderate           High          Exorbitant

     0                5                   10                   20

Is there known opposition to the action?

Is the site designated Farmlands Preservation?

Is the site within the Agricultural Production District?

Would the project interfere with a popular boating, swimming or fishing area?

Must other actions take place prior to the action (is the action dependent on other actions)?

Project design complexity (range score)

     Routine                                    Experimental        

Project Constructability (range score)

     Easy                                          Difficult

          0                                                   10

Level of permitting (range score)

     Simple                                       Complex

          0                                                    10

Does the action pose a risk to private property or infrastructure?

Does the project require alterations to infrastructure?

FINAL SCORE

10

10

10

10

Ecological Sub-Total 260
CONSTRAINTS

Land Ownership (Categorical Score):

         0                        5                                    10 10

Number of buy-outs required for the action:

               5                     10                         20 20

               5                           10                                20 20

20

10

20

10

10

10

          0                                                  10 10

10

10

20

10

Constraints Sub-Total 190

Normalized Ecological Sub-total 1.00

Eco Sub-Total Minus Constraints Sub-total 70

Final Normalized Score
Area

    Ecological Score x Area (Ecological Eco-Units)
Final Score x Area (Eco-Units

10

10

10

10

10

10

5

5

5

5

10
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ALT = alternative.
CODE = category of ecosystem processes the project most addresses: 
   1 = flow regime, sediment flux
   2 = channel migration, floodplain connectivity, channel and floodplain hydraulics 
   3 = riparian forest succession, wood routing and recruitment
   4 = nutrient cycling, energy flow.

PROJECT

PHASE ALT CODE

ECO-
LOGICAL
SCORE

ECO-
LOGICAL
ECO-
UNITS

TOTAL
SCORE

TOTAL
ECO-
UNITSPROJECT NAME

A A1 2 0.59 25.47 0.52 22.32

Flaming
Geyser
floodplain
reconnection

A A2 2 0.43 6.85 0.4 6.3

Flaming
Geyser side
channel
construction/
floodplain
reconnection

A A3 2 0.49 7.67 0.3 4.73
GLO floodplain
reconnection

A A5 2 0.26 0.31 0.21 0.24

side channel
inlet
connection

A A6 1 2 0.35 1.21 0.22 0.78

Flaming
Geyser Bridge
revetment
removal

A A6 2 2 0.28 0.31 0.1 0.48

Flaming
Geyser Bridge
revetment
removal

REACH

A A7 1 2 0.35 0.48 0.22 0.31

Flaming
Geyser Road
revetment
removal, road
setback and
revetment

Table A-1(a). Project scores. Ecological score is the raw score from the ecological section 
of the ranking form divided by the total possible ecological points. Ecological eco-unit is the 
ecological score multiplied by the project area. Total score is the ecological sub-total minus the 
constraints sub-total from the ranking form divided by the total number of possible ecological 
points. Total eco-unit is the total score multiplied by the project area.
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A A7 2 2 0.35 0.2 0.18 0.62

A A7 3 2 0.35 0.81 0.18 0.42

A A7 4 2 0.28 1.08 0.18 0.56

A A8 2 0.25 0.26 0.02 0.02

A A9 3 0.42 1.75 0.23 0.97

A A10 3 0.4 14.78 0.15 5.69

ALT = alternative.
CODE = category of ecosystem processes the project most addresses: 
   1 = flow regime, sediment flux
   2 = channel migration, floodplain connectivity, channel and floodplain hydraulics 
   3 = riparian forest succession, wood routing and recruitment
   4 = nutrient cycling, energy flow.

PROJECT

PHASE ALT CODE

ECO-
LOGICAL
SCORE

ECO-
LOGICAL
ECO-
UNITS

TOTAL
SCORE

TOTAL
ECO-
UNITS

REACH

A A11 4 0.21 47.89 0.63 38.88

A A13 1 3 0.39 2.83 0.33 2.42

Flaming
Geyser Road
revetment
removal, road
setback and
revetment

Flaming
Geyser Road
revetment
removal, road
setback and
revetment

Flaming
Geyser Road
revetment
removal, road
setback and
revetment

Green Valley
Road levee
removal/set-
back

site-specific
logjam
addition

reach-wide
logjam and
wood addition

PROJECT NAME

gravel addition

Japanese
knotweed
removal

Table A-1(b). Project scores (Continued). 
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A A14 2 3 0.61 0.41
riparian
revegetation

A A15 1 3 0.59 0.4
terrace
reforestation

A A15 2 3 0.59 0.45
terrace
reforestation

A A17 2 0.25 0.26 0.16 0.2

fill removal
floodplain
reconnection

B B1 1 2 0.26 0.76 0.15 0.44Imhoff Levee

B B1 2 2 0.3 1.89 0.16 1.02Imhoff Levee

B B2 1 2 0.26 0.91 0.07 0.25Meyer Dike

B B2 2 2 0.3 3.89 0 0.05Meyer Dike

B B2 3 2 0.3 7.26 -0.1 -2.33Meyer Dike

B B3 2 0.28 1.15 0.03 0.13
Whitney
Bridge Levees

B B4 2 0.26 0.22 0.1 0.08

Margarite
Hansel
revetment

A A13 2 3 0.39 0.35

reach-wide
invasive plant
control

A A14 1 3 0.61 0.41
riparian
revegetation

ALT = alternative.
CODE = category of ecosystem processes the project most addresses: 
   1 = flow regime, sediment flux
   2 = channel migration, floodplain connectivity, channel and floodplain hydraulics 
   3 = riparian forest succession, wood routing and recruitment
   4 = nutrient cycling, energy flow.

PROJECT

PHASE ALT CODE

ECO-
LOGICAL
SCORE

ECO-
LOGICAL
ECO-
UNITS

TOTAL
SCORE

TOTAL
ECO-
UNITSPROJECT NAME

REACH

B B5 1 2 0.75 102.5 0.26 34.89

channel
lengthening/
floodplain
reconnection

Table A-1(c). Project scores (Continued). 
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Table A-1(d). Project scores (Continued). 

B B7 2 2 0.45 9.62 0.14 2.93

B B7 3 2 0.42 8.7 0.1 2.06

B B9 1 3 0.28 7.02 0.08 1.9

B B9 2 3 0.32 7.97 0.08 2.09

B B5 2 2 0.76 108.47 0.18 25.2

B B7 1 2 0.32 2.94 0.19 1.75

ALT = alternative.
CODE = category of ecosystem processes the project most addresses: 
   1 = flow regime, sediment flux
   2 = channel migration, floodplain connectivity, channel and floodplain hydraulics 
   3 = riparian forest succession, wood routing and recruitment
   4 = nutrient cycling, energy flow.

PROJECT

PHASE ALT CODE

ECO-
LOGICAL
SCORE

ECO-
LOGICAL
ECO-
UNITS

TOTAL
SCORE

TOTAL
ECO-
UNITS

REACH

B B10 1 3 0.33 0.25

floodplain
reconnection
downstream of
Whitney
Bridge

Whitney
Bridge
improvements
and floodplain
reconnection

logjam
addition and
wood addition

logjam
addition and
wood addition

channel
lengthening/
floodplain
reconnection/
Green Valley
Road
relocation

floodplain
reconnection
downstream of
Whitney
Bridge

PROJECT NAME

Japanese
knotweed
removal
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Table A-1(e). Project scores (Continued). 

C C1 1 2 0.52 7.49 0.28 3.97

C C1 2 2 0.63 21.25 0.38 12.96

C C2 3 0.4 12.95 0.12 3.73

C C3 1 3 0.41 0.33

B B10 2 3 0.33 0.28

B B11 1 3 0.55 0.38

B B11 2 3 0.55 0.38

B B12 1 4 -0.08

B B12 2 4 -0.23

B B12 3 4 -0.12

B B13 4 0.54 3.66 0.39 2.66

B B14 4 0.23 3.33 -0.03 -0.39

B B16 4 0.22 0.39 0 0

ALT = alternative.
CODE = category of ecosystem processes the project most addresses: 
   1 = flow regime, sediment flux
   2 = channel migration, floodplain connectivity, channel and floodplain hydraulics 
   3 = riparian forest succession, wood routing and recruitment
   4 = nutrient cycling, energy flow.

PROJECT

PHASE ALT CODE

ECO-
LOGICAL
SCORE

ECO-
LOGICAL
ECO-
UNITS

TOTAL
SCORE

TOTAL
ECO-
UNITS

REACH

C C3 2 3 0.41 0.36

Lones Levee

Lones Levee

logjam
addition and
wood addition

Japanese
knotweed
removal

reach-wide
invasive plant
control

riparian
revegetation

riparian
revegetation

CMZ buy-outs

CMZ buy-outs

CMZ buy-outs

Newaukum
Creek
confluence

Crisp Creek
enhancement

Crisp Creek
tributary
channel

PROJECT NAME

reach-wide
invasive plant
control
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D D3 1 2 0.28 2.15 0.06 0.44
Hamakami
Levee setback

C C4 1 3 0.62 0.52
riparian
revegetation

C C4 2 3 0.62 0.52
riparian
revegetation

C C5 3 0.59 22.11 0.48 17.8
O'Grady
enhancement

C C6 1 4 0.3 0.13
CMZ buy-outs
near river

C C6 2 4 0.26 -0.05

CMZ buy-outs
farther from
river

C C7 4 0.27 0.16 -0.01

Burns Creek
Bridge
replacement

C C8 4 0.21 12.59 -0.03 -1.89
Burns Creek
restoration

C C9 4 0.4 24.24 0.09 5.59
Burns Creek
relocation

D D1 1 2 0.28 0.43 0.18 0.29Turley Levee

D D1 2 2 0.62 33.91 0.3 16.33Turley Levee

D D2 2 0.52 8.13 0.23 3.76"Horse" Levee

ALT = alternative.
CODE = category of ecosystem processes the project most addresses: 
   1 = flow regime, sediment flux
   2 = channel migration, floodplain connectivity, channel and floodplain hydraulics 
   3 = riparian forest succession, wood routing and recruitment
   4 = nutrient cycling, energy flow.

PROJECT

PHASE ALT CODE

ECO-
LOGICAL
SCORE

ECO-
LOGICAL
ECO-
UNITS

TOTAL
SCORE

TOTAL
ECO-
UNITSPROJECT NAME

REACH

D D3 2 2 0.52 11.69 0.26 5.76

Hamakami
revetment
removal and
Green Valley
Road
protection

Table A-1(f). Project scores (Continued). 
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D D3 3 2 0.58 45.64 0.26 20.12

Hamakami
revetment
removal

D D4 1 2 0.32 4.04 0.17 2.12Horath Levee

D D4 2 2 0.51 14.83 0.32 9.21Horath Levee

D D4 3 2 0.57 53.85 0.19 19.19Horath Levee

D D5 1 2 0.33 26.32 0.21 2.12Kaech Levee

D D5 2 2 0.55 25.95 0.37 17.73Kaech Levee

D D6 1 2 0.33 21.22 0.08 0.57
Neely Levee
upstream

D D6 2 2 0.55 30.85 0 0.05
Neely Levee
downstream

D D7 1 2 0.33 2.98 0.22 1.98Porter Levee

D D7 2 2 0.51 16.29 0.3 9.5Porter Levee

D D7 3 2 0.58 51.04 0.19 16.67
Porter Levee
removal

D D8 3 0.34 15.77 0.08 3.76
logjam and
wood addition

D D9a 2 0.42 16.58 0.08 3.32
floodplain
reconnection

D D9b 2 0.59 44.41 0.27 20.47
floodplain
reconnection

ALT = alternative.
CODE = category of ecosystem processes the project most addresses: 
   1 = flow regime, sediment flux
   2 = channel migration, floodplain connectivity, channel and floodplain hydraulics 
   3 = riparian forest succession, wood routing and recruitment
   4 = nutrient cycling, energy flow.

PROJECT

PHASE ALT CODE

ECO-
LOGICAL
SCORE

ECO-
LOGICAL
ECO-
UNITS

TOTAL
SCORE

TOTAL
ECO-
UNITSPROJECT NAME

REACH

D D9c 2 0.36 23.04 0.04 2.7
floodplain
reconnection

D D9d 2 0.43 4.77 0.28 3.11

floodplain
reconnection
south of river
at Hamakami

Table A-1(g). Project scores (Continued). 
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Table A-1(h). Project scores (Continued). 

reconnection
south of Green
Valley Road

D D9e 2 2 0.38 21.4 0.02 1.31

Green Valley
Road
Relocation/
floodplain
reconnection

D D9f 2 0.62 30.17 0.26 12.63

Floodplain
reconnection/
Neely Bridge
improvements

D D9g 2 0.5 28.04 0.22 12.29

floodplain
reconnection
d/s of Neely
Bridge

D D10 2 0.19 5.55 -0.05 -1.44
Tributary
09.0098

D D11 4 0.27 0.95 0.07 0.26
Soos Creek
Confluence

D D12 1 4 0.68 24.43 0.38 13.88
bridge
replacement

D D9e 1 2 0.47 11.61 0.17 4.19

floodplain

ALT = alternative.
CODE = category of ecosystem processes the project most addresses: 
   1 = flow regime, sediment flux
   2 = channel migration, floodplain connectivity, channel and floodplain hydraulics 
   3 = riparian forest succession, wood routing and recruitment
   4 = nutrient cycling, energy flow.

PROJECT

PHASE ALT CODE

ECO-
LOGICAL
SCORE

ECO-
LOGICAL
ECO-
UNITS

TOTAL
SCORE

TOTAL
ECO-
UNITSPROJECT NAME

REACH

D D12 2 4 0.68 24.43 0.38 13.6

bridge
removal and
tunnel
beneath CMZ

D D13 4 0.37 3 0.42 2.09
railroad bridge
removal
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Table A-1(i). Project scores (Continued). 

D D16 2 3 0.37 0.32

reach-wide
invasive plant
control

D D17 1 3 0.58 0.42
riparian
revegetation

D D17 2 3 0.58 0.42
riparian
revegetation

D D18 4 -0.27CMZ buy-outs

E E1 2 0.29 0.19 0.24 0.15
Auburn
Narrows

E E2 1 2 0.55 13.23 0.51 12.22
Mueller
Revetment

E E2 2 2 0.31 9.84 0.19 6.03
Mueller
Revetment

D D14 2 2 0.55 3.75 0 0.03
Neely Levee
downstream

D D15 2 0.38 53.98 0.01 1.08

Green Valley
Road
relocation

D D16 1 3 0.37 0.29

Japanese
knotweed
removal

ALT = alternative.
CODE = category of ecosystem processes the project most addresses: 
   1 = flow regime, sediment flux
   2 = channel migration, floodplain connectivity, channel and floodplain hydraulics 
   3 = riparian forest succession, wood routing and recruitment
   4 = nutrient cycling, energy flow.

PROJECT

PHASE ALT CODE

ECO-
LOGICAL
SCORE

ECO-
LOGICAL
ECO-
UNITS

TOTAL
SCORE

TOTAL
ECO-
UNITSPROJECT NAME

REACH

D D14 1 2 0.33 2.1 0.08 0.49
Neely Levee
downstream

E E3 2 0.58 12.16 0.53 11.04Pautzke Levee

E E4 1 2 0.33 3.62 0.22 2.44Fenster Levee

E E4 2 2 0.47 29.35 0.1 6.01Fenster Levee

E E5 3 0.38 6.75 0.21 3.72
logjam and
wood addition
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E E6 2 3 0.37 0.36

reach-wide
invasive plant
control

E E7 1 3 0.58 0.57
riparian
revegetation

E E7 2 3 0.58 0.53
riparian
revegetation

E E8 4 0.05 -0.08

CMZ buy-
outs/Auburn
Black Diamond
Road removal

E E9 4 0.38 11.62 -0.08 -2.61
railroad
relocation

E E10 2 0.49 5.69 0.39 4.53
floodplain
reconnection

ALT = alternative.
CODE = category of ecosystem processes the project most addresses: 
   1 = flow regime, sediment flux
   2 = channel migration, floodplain connectivity, channel and floodplain hydraulics 
   3 = riparian forest succession, wood routing and recruitment
   4 = nutrient cycling, energy flow.

PROJECT

PHASE ALT CODE

ECO-
LOGICAL
SCORE

ECO-
LOGICAL
ECO-
UNITS

TOTAL
SCORE

TOTAL
ECO-
UNITSPROJECT NAME

REACH

E E6 1 3 0.37 0.33

Japanese
knotweed
removal

Table A-1(j). Project scores (Continued). 
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