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I. EXECUTIVE SUMMARY         

The goal of this assessment is to evaluate alternatives to restore habitat conditions for fish and 

wildlife in the Barnaby Reach of the Skagit River.  This reach extends from the mouth of Illabot 

Creek (RM 71.6) downstream to the Sauk River (RM 66) and has a very broad floodplain and an 

extensive network of sloughs, wetlands, ponds, side channels, and other off-channel habitats that 

support a diversity of fish and wildlife species.  A large portion of the reach (over 1,400 acres) is in 

public or conservation ownership, but it also includes some private landowners (primarily along 

Martin Road), Washington State Department of Transportation highway and infrastructure, and 

some industrial timber land.  

Within the reach, the Washington Department of Fish and Wildlife (WDFW) manages a facility 

developed for off-site rearing and release of hatchery steelhead known as the Barnaby Complex.  It 

includes a number of dikes and flow control structures that have greatly modified habitat 

conditions in Barnaby Slough and Harrison Pond.  The facility has not been used for rearing since 

2007 so the site has fallen into disrepair and in some locations caused barriers to fish passage. 

The project is guided by a project Steering Committee consisting of WDFW, The Nature 

Conservancy, and Seattle City Light, which are the primary landowners where restoration activities 

would take place.  The Steering Committee has and will continue to involve the Wildcat Steelhead 

Club, the public, and other interested stakeholders in the project.  This has resulted in the 

identification of important project values, which include restoration of natural process, 

improvement of habitat for fish and wildlife, addressing flooding and erosion risks, maintaining 

recreational access, and consideration of future needs for off-site rearing.   

The Steering Committee identified four conceptual restoration alternatives:  (1) restoring fish 

passage, (2) removing infrastructure at Barnaby Slough, (3) removing infrastructure at both 

Barnaby Slough and Harrison Pond, and (4) directing a portion of the Skagit River into Barnaby 

Slough.  To evaluate these alternatives a series of analyses were completed including development 

of a hydraulic model, a hydraulic and geomorphic response analysis, an evaluation of habitat for 

fish and wildlife, preliminary cost estimates, and a risk assessment.  Each alternative was rated 

based on its likely effect on the identified project values.  A preferred alternative will be selected 

after receiving input on this assessment from interested stakeholders. 

The analysis of existing conditions indicates that the Skagit River was likely artificially straightened 

and has had impacts from railroad and highway development, flow modification from upstream 

dams, and other human activities.   As a result there is currently very minimal floodplain 

connectivity in the upper portion of the Barnaby Reach.  Alternatives 1-3 would only have very 

limited effect on this connectivity, at most showing some backwater flow from the river into 

Barnaby Slough, none flowing into Harrison Pond, and very limited engagement of other floodplain 

channels during two-year flows.  Alternative 4 is the only alternative that shows a dramatic 

improvement in floodplain processes, with the results showing extensive flow through Barnaby, 

Harrison, Lucas and other floodplain channels during two-year flows.       
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The analysis shows substantial current risks from flooding and erosion to private property and 

infrastructure in the Martin Road area.  Alternatives 1-3 do not have much influence on river 

hydrology, so there is little to no change in these conditions, while Alternative 4 has a much larger 

effect on the river channel and floodplain connectivity.  The analysis shows that Alternative 4 

results in an increase in flood heights near the highway upstream of the project during 100-year 

flows, and a minor increase in flood heights in the Martin Road area downstream during 2-year 

flows.  This alternative also reduces velocity in the river channel downstream, which is expected to 

reduce erosion risks in the vicinity of Martin Road and the Highway 530 bridge.  It is anticipated 

that if Alternative 4 is selected, all flood risks can be mitigated with refinements to the project 

during design, drainage improvements, flood-proofing, construction of berms, and purchase of 

properties or conservation easements. 

All of the alternatives show substantial gains to fish habitat through corrections of fish passage 

barriers, which improve fish access to existing habitat.  Alternatives 1-3 show fairly similar gains, 

with Alternative 3 showing less improvement in off-channel habitat than Alternatives 1 and 2 due 

to reductions in surface area in Harrison Pond.  Alternative 4 shows much larger gains in fish 

habitat than the other alternatives.  While Alternative 4 converts some off-channel habitat to other 

habitat types, the gains in every other habitat type considered are extensive. In addition, because 

Alternative 4 also restores floodplain processes, the analysis indicates that even more habitat will 

develop in the 10-15 year period following project construction.  An estimate of Chinook 

production for Alternatives 1-3 ranged from approximately 10,000-13,000 smolts/year and for 

Alternative 4 was 89,465 smolts/year, as-built, and 170,264 smolts/year after 10-15 years. 

All alternatives generally benefit wildlife habitat due to improved natural processes and increased 

vegetation, structural, and wetland diversity resulting from infrastructure removal, with 

Alternatives 3 and 4 showing the greatest benefits.  Cost ranges were estimated between $2.0M to 

$5.5M for Alternatives 1-3 and $16.4M to $19.0M for Alternative 4. 
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1 INTRODUCTION          

1.1 BACKGROUND 
The Barnaby Reach of the Skagit River extends from the mouth of Illabot Creek (RM 71.6) 

downstream to the Sauk River (RM 66).  State Route (SR) 530 crosses the Skagit valley upstream of 

the Sauk confluence (RM 67.7) joining SR 20 at Rockport on the north side of the Skagit.  SR 20 runs 

along the north side of the valley.  Over time the river has migrated across a very broad floodplain 

in this reach and created an extensive network of sloughs, wetlands, ponds, side channels, and 

other off-channel habitats (Figure 1).  These types of floodplain habitats provide important 

spawning and rearing for a variety of salmon species and for this reason were identified as a high 

priority for protection and restoration in the Skagit Chinook Recovery Plan (SRSC and WDFW, 

2005). 

 

Figure 1. Location map. 

 

Much of the land in the Barnaby Reach (over 1400 acres) is in conservation or public ownership 

(Figure 2), which creates a unique opportunity for management and restoration of habitat 

conditions across a large floodplain reach. In addition to land owned by the Washington 

Department of Fish and Wildlife (WDFW), there are also properties owned by The Nature 

Conservancy (TNC) and Seattle City Light (SCL) that were purchased specifically to protect and 

restore fish and wildlife habitat conditions. Other land uses in the reach primarily include timber 
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management, state, county and private roads, and some private farms, businesses, and residences 

(Table 1). 

 

Figure 2. Landownership. 

 

Table 1. Ownership types in the Barnaby Reach. 

 Ownership Type Acres 

Public/Conservation (TNC, WDFW, SCL, Skagit Co, USFS) 1,423 

Private Timber 463 

Other private (residences, farms) 456 

State & County Road/ROW 67 

Water 179 

Unknown 84 

Total 2,675 

 

The Barnaby Reach includes a large hatchery facility located on Barnaby Slough and Harrison Pond 

that is known as the “Barnaby Complex.”  It was developed over many years by the former 

Washington Department of Game starting in the 1960s to provide off-site rearing for hatchery 

steelhead. This facility includes numerous dikes, culverts, fishways, and flow control structures that 

have greatly altered flow and habitat conditions in the reach. Infrastructure also includes wells and 
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underground pipes that transfer ground water and Harrison Pond water to Barnaby Slough, a 

caretaker’s house and storage buildings, access roads, and power and communication lines. WDFW, 

who currently manages the site, has not used the facility for rearing hatchery fish since 2007 and 

currently has no plans to rear fish at the site in the future (Barkdull, B., Personal Communication, 

September 10, 2014). As a result, the facility has fallen into disrepair and in some locations caused 

barriers to fish passage.   

1.2 PROJECT OBJECTIVES 
Considering the substantial conservation ownership and the known habitat impacts in the Barnaby 

Reach, the discontinuance of hatchery production generated interest in management actions that 

could benefit fish and wildlife in the Barnaby Reach.  To address this interest, Skagit River System 

Cooperative (SRSC) convened a Steering Committee consisting of the major landowner groups 

Seattle City Light (SCL), The Nature Conservancy (TNC), and Washington Department of Fish and 

Wildlife (WDFW).  This committee secured funding from the Salmon Recovery Funding Board and 

the Puget Sound Acquisition and Restoration Fund to complete an alternatives assessment that 

would identify restoration activities that would improve habitat conditions for fish and wildlife in 

the Barnaby Reach. Specific project objectives include: 

 

 Evaluate existing conditions in the Barnaby Reach  

 Develop and evaluate project alternatives that could restore natural processes and improve 

habitat for fish and wildlife 

 Assess hydraulic and geomorphic changes to the river and floodplain that may occur as a 

result of restoration actions 

 Evaluate the effect each alternative may have on a range of project values, such as fish and 

wildlife habitat, flooding and erosion, and recreational opportunities 

 Select and develop a conceptual design for a preferred restoration alternative 

 

This report evaluates several project alternatives for review by stakeholder groups and interested 

members of the public, although a preferred alternative has not yet been selected. Project 

alternatives being considered include restoring fish passage barriers, removing some or all of the 

hatchery infrastructure, and making active modifications to the river. The Steering Committee has 

provided the overall guidance for this project, including identifying project values, developing and 

refining restoration alternatives, selecting consultants, completing portions of the assessment, and 

participating in technical review of all project elements. The Steering Committee is also responsible 

for making all important project decisions, including selecting a preferred restoration alternative. 

Once a preferred alternative has been selected this committee will continue to guide the project 

through design and construction. 

1.3 STUDY APPROACH AND TECHNICAL SUPPORT  
The Steering Committee developed a scope of work that included a variety of scientific analyses 

that would be used to identify and evaluate project alternatives. This included the collection of 

detailed topography and bathymetry, the development of a hydraulic model, and completion of a 

geomorphic assessment for the entire Barnaby Reach to identify current river and floodplain 
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conditions and how they may change in the future under each of the alternatives. These analyses 

were intended to quantify improvements in habitat conditions and also identify possible changes in 

flood or erosion risks to adjacent infrastructure and private property from each alternative. Other 

elements of the scope of work included evaluating fish and wildlife benefits, recreational uses of the 

reach, and maintaining opportunities for rearing hatchery fish. 

The Steering Committee conducted a process to request proposals from qualified consulting firms 

and after a substantial review process selected Natural Systems Design (NSD) to complete scientific 

and engineering analyses to support the alternatives assessment. NSD developed a hydraulic model 

and completed a detailed geomorphic analysis of the Barnaby Reach to aid in the evaluation of 

project alternatives, and authored major sections of this report. Other technical analyses and 

supporting information such as evaluating fish and wildlife effects and recreational opportunities 

were completed by members of the Steering Committee or the Skagit River System Cooperative. 

The alternatives assessment contained in this report identifies the habitat restoration alternatives 

that were considered, describes the numerous analyses that have been completed, and presents an 

evaluation of each of the project alternatives. A preferred alternative has not yet been identified, 

but will be selected by the project Steering Committee after consulting with agencies, stakeholder 

groups, and the public on the results of this assessment. Once a preferred alternative is selected, 

further work will be completed to develop and design that alternative. 

1.4 OUTREACH AND COMMUNICATION 
Because several of the alternatives for restoration planned include actions that address landscape 

processes it is essential to have support of the public, agencies, tribes, landowners and other 

stakeholder groups for a project to move forward. For this reason, the Steering Committee 

determined that outreach and communication should be central to project development from the 

beginning. So far this has included identifying stakeholder groups, meeting with those groups 

individually, presenting information at two public meetings, and developing a project web site that 

provides information about the project and also serves as a forum for stakeholders to submit 

comments. The address of the project web site is:  http://www.barnabystudy.wordpress.com  

More information about the details of outreach efforts to date can be found in Appendix A. 

Highlights include the Steering Committee hosting two public meetings and approaching the 

following organizations: Wildcat Steelhead Club, Sierra Pacific Industries, Washington Department 

of Transportation, Skagit Hydroelectric Project Non-Flow Coordinating Committee, Skagit 

Watershed Council, Wild Fish Conservancy, Wild Steelhead Coalition, Skagit Audubon Society, Sauk-

Suiattle Indian Tribe, Swinomish Indian Tribal Community, Upper Skagit Indian Tribe, and Skagit 

County Public Works, as well as individual private landowners in the project area. Additional 

stakeholders will likely be identified and contacted as the project develops.  

Stakeholders have in general been very interested in the project. We have received few written 

comments and those have been generally supportive or identified specific interests in the project. 

In particular, the Wildcat Steelhead Club, which has a long history of involvement in the Barnaby 

Complex, has expressed strong interest in being involved in the project, so the Steering Committee 

has been working directly with them as a project partner. The club has written a letter of support 

http://www.barnabystudy.wordpress.com/
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for the project (included in Appendix A) and has completed volunteer work to maintain the 

Harrison Pond fishway.  

Additional outreach is planned to describe and discuss the results of this assessment with agencies, 

stakeholder groups, and the public. The Steering Committee will use feedback from this outreach 

process along with the results of the assessment described in this report to select and then 

complete design work for a preferred restoration alternative. 

1.5 REPORT FORMAT 
This report has several major sections including information on existing conditions, a description 

and technical evaluation of each of the identified project alternatives, and a synthesis of the 

information that will be used in evaluating alternatives and selecting a preferred alternative. Some 

figures are included throughout the report and some of these are also provided as full size maps 

attached at the end of the report as Map Set A. Additional mapping products that support the study 

but are not included in the body of the document are also attached as Map Sets B-G. Each of these 

sets is intended to cover a particular subject area and is referred to in the body of the document. 

There are also four appendices to the report that provide additional supporting information. 
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2 EXISTING CONDITIONS         

2.1 SITE DESCRIPTION AND HISTORY 
The Barnaby Reach is mostly forested and unoccupied by people aside from a few residential and 

agricultural parcels located at both the very upstream and downstream ends. The sloughs and off-

channel habitats within the wide floodplain of the Barnaby Reach are likely historic channels and 

meanders of the Skagit River, though in modern history the Skagit River has maintained its fairly 

straight course along this stretch. Map Set B contains a series of historic maps and aerial 

photographs of the site and a summary of the history of the site is provided below for several 

specific time periods. 

2.1.1  1884-1889 
The oldest known piece of historic data that provides evidence of the Skagit River's meandering 

course through the floodplain are the General Land Office (GLO) survey maps from 1884. The GLO 

maps show the Skagit River flowing through the modern-day floodplain, meeting up with and 

occupying the modern-day Barnaby Slough location. These maps also show several Indian and non-

Indian homesteads located along the river bank, including a homesteader called Charles Barnaby 

located in the vicinity of the modern-day house associated with the hatchery facility. On the GLO 

map, the Skagit River, extending from the southerly section line to the northeast section corner of 

section 29 appears unusually straight along what is now the modern-day floodplain area of the 

river (northeast of where it enters modern-day Barnaby Slough). It is possible that the surveyors 

did not survey along this location, but instead roughed-in the riverbed from one section line to the 

next. Although GLO surveyors were typically instructed to survey along large river channels, in 

some cases the channel was simply sketched in (Collins and Sheikh, 2002). It is not known for 

certain if this was one of those cases.  A simplified channel is also shown in the location of the 

modern-day Lucas Slough.  

An historic US Geological Survey topographic (USGS) map dated 1918 also shows the Skagit River 

meandering into modern-day Barnaby Slough.  Notes indicate the survey work for this map was 

completed in 1897-1899. This map, however, shows the Skagit occupying a more sinuous course 

compared to the somewhat straight-looking GLO map. The Skagit River is shown occupying 

Barnaby Slough along what is likely a more modern-day inlet connection, a low swale that today 

exists on the landscape and is visible on current aerial photographs that is currently only occupied 

during flood events.   

2.1.2  1900-1950 
A USGS survey from 1915 shows the Skagit River no longer occupying the main Barnaby Slough 

location, but flowing in the location of the modern-day smaller sloughs on the northwest end of 

Barnaby Slough. This appears consistent with an examination of the earliest available aerial 

photographs (1944) that show visible historic river scroll marks and a younger floodplain forest 

than in the surrounding floodplain.   
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An examination of the earliest available aerial photographs (1944) show that Barnaby Slough was 

in its modern-day location and some development had already occurred in the location of the 

hatchery facility.  It is not known exactly when the Skagit River migrated into the modern-day 

location, but it occurred sometime between 1915 and the early 1940's. At the time of the 

photograph, mature forest exists in the area where the straight section of the GLO channel was 

mapped, lending credence to the idea that perhaps that portion of the channel was not correctly 

mapped in the first place. As mentioned above, in the 1944 and subsequent air photos, visible 

channels and younger floodplain vegetation are shown along a more modern-day inlet to Barnaby 

Slough. In the 1944 photo, Martin Ranch Road and Barnaby Slough Road are already present on the 

landscape. Several areas around modern-day Barnaby Slough and Harrison Pond and especially 

along Martin Ranch Road, had been fairly recently logged or cleared. It also appears there was 

already a house or structure located at the current hatchery housing site, possibly the Barnaby 

homestead referenced on the GLO map. 

2.1.3  1950-1990 
Development of the Barnaby Slough steelhead trout hatchery facility, under the direction of the 

Washington Department of Game, began approximately in 1959 (Jenks, 1989). Initial construction 

only included Barnaby Slough proper, and included cross dikes at the upper and lower end of the 

slough and excavation of an existing channel connecting to Lucas Slough. By 1962 the hatchery was 

under operation and the first release of steelhead trout occurred. A barrier or trap was installed 

near the outlet of Lucas Slough to keep adult steelhead in the legal fishing area and trap adults as 

needed for egg collecting purposes (Phillips, 1990). In 1968, the slough immediately south of 

Barnaby (known today as Harrison Pond) was impounded for the purpose of using it as a rearing 

site for juvenile steelhead. Examination of historical aerial photos revealed that the dam at the 

outlet of modern-day Harrison Pond had impounded a small tributary stream that flowed from the 

Illabot Creek area, and a narrow emergent and forested wetland complex. A water line then 

connected Harrison Pond to Barnaby Slough and supplied additional water to the pond during low 

flow periods. The rearing pond was not very successful, though, partly because of predation 

problems, and was closed as a rearing site in the mid-1970’s (Bogden, 1988). In 1982, steelhead 

production was discontinued altogether at Barnaby Slough due to budget cuts (Washington State 

Department of Game, n.d.) and funding was transferred to another facility considered to have a 

higher cost-benefit ratio (Gilson, 1981).    

An examination of historical air photographs reveals that much of the landscape including the 

Skagit River floodplain was harvested for timber in the 1970's. A few years later, in 1987, the 

hatchery program was revitalized with money from the Washington State Legislature (Kruse, 1990 

and Washington State Department of Game, n.d.) and the Barnaby rearing pond and facilities were 

renovated and expanded. A ring dike was installed in Barnaby Slough, encircling five acres within 

the center of the slough for a smaller, more confined rearing pond area, which was also fenced and 

netted to protect it against predation. The east side of the dike extended across the slough into the 

forested floodplain, and also acted as an access road to a gravel quarry used during construction. A  

new fish trap was installed further upstream in Lucas Slough to intercept and secure up to 100 

adult steelhead used for spawning at the hatchery facility each year (Washington State Department 
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of Game, 1987). Rip-rap was installed along the Skagit River, blocking an inlet of another slough in 

an effort to provide flood protection for the fish trap.   

Siltation problems occurred in Lucas Slough as a result of the renovation construction activities. 

Heavy layers of silt and fish waste were found along the slough between Barnaby and Harrison and 

downstream of the two sloughs for approximately 450 yards. This sediment dump was damaging to 

naturally returning coho salmon that spawned along these reaches (Bogden, 1988 and Jenks, 1989).  

The channels were cleaned out and for an additional measure of mitigation, juvenile coho access to 

Harrison Pond was restored via an unnamed tributary from Lucas Slough. Spawning gravel was 

placed along the lower end of the channel, and the outflow to Barnaby was screened to protect 

juveniles. 

By 1989, the fish trap was abandoned and later partially removed (Phillips, 1990). It had been 

repeatedly damaged by high river flows despite the rip-rap protection. Problems at the hatchery 

site that hindered smolt production continued as well – including summertime water shortages, 

hydrogen sulfide in spring water feeding ponds, algae and oxygen problems, weeds, predation from 

birds and mammals, scoliosis and “cold water disease” in young fish sent to the pond from other 

outdated facilities, and more (Kruse, 1990). 

2.1.4  1990-present 
In the mid-1990’s, another modification was made to the Barnaby Slough rearing area. An 

additional smaller ring dike was constructed within the 5 acre rearing area, bringing the diked 

rearing pond area down to less than 1 acre in size. 

In subsequent years, several habitat improvements that focused on coho salmon were implemented 

by Washington Department of Fish and Wildlife's Habitat Program. In 1995, three of the dikes 

crossing Barnaby Slough were modified with wooden weirs to provide access to coho salmon, and a 

new fishway was installed at the outlet of Harrison Pond. In 1997, spawning gravel was added 

around the weir structures. In 2000, the rip-rap along the mainstem Skagit River, which had already 

partially washed away, was removed by SRSC and WDFW. In 2001, spawning gravel was placed 

along the upper end of Upper Harrison Slough (near the Barnaby Slough Road crossing) for coho 

salmon.   

Throughout this time, several major conservation land acquisitions also took place in addition to 

habitat enhancement projects (Figure 2). From 1990 to 2008, The Nature Conservancy and Seattle 

City Light each acquired several parcels of land in the reach extending from the mouth of Illabot 

Creek to the mouth of False Lucas Slough. The Nature Conservancy currently owns approximately 

346 acres of land and Seattle City Light owns 418 acres. Along with 457 acres owned by WDFW, the 

vast majority of the sloughs comprising the Barnaby Reach are currently held under either public or 

private conservation management. 

In 2007, the last steelhead were reared at Barnaby Slough, and WDFW currently has no plans to 

rear fish in the facility. The facility has not been used since that time and has fallen into disrepair 

and some of the unmaintained structures create barriers to fish passage. In 2010, the Barnaby 

Reach Habitat Study was funded by the Washington State Salmon Recovery Funding Board to 
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assess the impacts of the developments on flow, fish use, and habitat conditions and develop 

restoration alternatives that would improve habitat conditions.   

2.2 INFRASTRUCTURE 
A variety of structures are present within the Barnaby Complex, most of which are dikes, weirs, 

culverts, and fishways used for maintaining water levels  and managing fish production amongst 

the partitions of Barnaby Slough and Harrison Pond (Figure 3). In addition to these structures, a 

number of roadways provide access throughout the site, and several buildings are present, 

including a residence used by the caretaker for the facility when it was in operation by WDFW. 

These structures are identified in the figures and described in general below and they are described 

in greater detail in Appendix B. 

 

Figure 3.  Site infrastructure. 
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2.2.1 Barnaby Slough  

 
Figure 4. Infrastructure at Barnaby Slough. 

 

Figure 4 describes structures present at Barnaby Slough. The exterior perimeter of Barnaby Slough 

is bounded by a dike/road along its southern edge. This dike is relatively low, with at most 1-2 feet 

of freeboard above the ground surface elevation outside of the dike. The northern edge of the 

slough is natural/not diked, with margins that grade at a low angle into the riparian forest adjacent 

to the slough. Barnaby Slough is subdivided into three cells by two cross dikes that extend into the 

pond from the dike/road along the southern perimeter. Of these, the western cell is the largest. An 

additional large cross dike at the northwest end of Barnaby Slough serves as the primary control for 

water surface elevation within the hatchery complex and slough; it is pierced by a channel that 
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contains a weir for adjusting water surface elevation. A beaver dam is currently built on top of this 

weir, and another smaller beaver dam is located just downstream of it to the northwest. The two 

smaller cross dikes are also fitted with fishways that were intended to improve fish passage to the 

central and eastern cells of the slough.   

The larger western cell is further subdivided into three nested ponds by two ring dikes that extend 

out from the southern edge of the slough; these two smaller ponds were used as rearing ponds by 

the hatchery facility. The ring dikes are fitted with screw gates to allow water surface elevations to 

be adjusted. A fishway is present at the southwest corner of the smallest of these ponds, which was 

used to create fish access and connectivity between Barnaby Slough and Lucas Slough. Just to the 

west of the fishway, an overflow notch in the Barnaby Slough perimeter dike allowed for water to 

escape to Lucas Slough during high water events. Two maintenance buildings and a shed are 

present near the fishway. The caretaker’s house, as well as miscellaneous storage sheds and a 

concrete outhouse pit toilet building, are located along the driveway to the site, near the eastern 

end of Barnaby Slough. 

2.2.2 Harrison Pond 

 

Figure 5. Infrastructure at Harrison Pond. 

 

 



 BARNABY RESTORATION ALTERNATIVES ASSESSMENT November 12, 2014 

 12  
 

Harrison Pond, which roughly parallels Barnaby Slough just to the southeast, is divided into two 

sections, referred to here as Upper Harrison Slough and Harrison Pond, by an access road (Barnaby 

Slough Road) that enters the site off of Martin Ranch Road. Figure 5 describes structures present at 

Harrison Pond. Two 60-foot corrugated metal culverts (4.0’ dia and 2.5’ dia) pass through the road 

prism where it crosses the sloughs, providing hydraulic connectivity between Upper Harrison 

Slough and Harrison Pond. Downstream of the culverts, Harrison Pond broadens, terminating at its 

western end with a substantial dike. This dike runs the length of the western end of the pond 

(approximately 300 feet) and wraps around to run along the southern edge of the pond for roughly 

650 feet. The dike is approximately eight feet tall over its entire length. A 17-step concrete weir-

pool fishway and raceway are in place within the western portion of the dike, and serve as the main 

elevation controls for Harrison Pond. An additional small culvert with screw gate also perforates 

this section of dike near its north end, and was used to provide water to a temporary holding pond; 

the screw gate is currently closed. A small shed is located on the dike adjacent to the fishway. Two 

other structures are present on 

Harrison Pond along the southwest 

edge of the pond. One of these is a 

four-step concrete weir-pool fishway, 

and the other is a circular structure 

that served as an overflow outlet for 

the pond. These two structures drain 

into a constructed side channel 

outside of the dike that connects into 

False Lucas Slough to the west. Three 

notched log weirs in this channel 

provide grade control. On the 

opposite bank, a low dike runs along 

much of the length of the northern 

edge of Harrison Pond, though water 

has ponded in the forested area north 

of the dike, likely because the present 

water surface is higher than that 

which was maintained while the 

hatchery was in operation. 

2.2.3 Upper Harrison Slough 
Figure 6 describes structures at Upper 

Harrison Slough. Just above the 

culverts passing through Barnaby 

Slough Road, a concrete structure 

with trash rack is in place. Debris is 

currently piled up against the trash 

rack, elevating the upstream water 

surface elevation. Further upstream, Figure 6. Structures at Upper Harrison Slough. 



 BARNABY RESTORATION ALTERNATIVES ASSESSMENT November 12, 2014 

 13  
 

two large relict beaver dams divide Upper Harrison into three ponded areas, each with a slightly 

higher water surface elevation than the next ponded area downstream. The beaver dams do not 

appear to be currently maintained by beavers, and have shrubs and 15-20 foot tall alders growing 

on top of them, although beaver sign were observed in the area in 2013. A relict side channel 

branches off of Upper Harrison Slough just below the lower beaver dam, terminating at its northern 

end at the edge of some privately owned pastureland. This channel is ponded and slightly 

backwatered from the main slough, and does not appear to regularly transport water. A small (1.0’ 

dia.) metal culvert is present in some eroded fill material crossing the midway point of this slough, 

likely a remnant of an old road. The culvert is largely plugged with fine sediments. North of the 

uppermost beaver dam on Upper Harrison Slough, fill has been placed across the slough for a small 

road crossing associated with the privately owned pasturelands to the north of the site. Two 

corrugated metal culverts (~2.0’ dia. and 3.0’ dia.) allow hydraulic connectivity through the fill to 

the narrow, forested section of slough to the northeast of the culverts.  

2.2.4 Lucas Slough and Other Outlying Structures 

 

Figure 7. Structures at Lucas Slough and False Lucas Slough. 

 

Figure 7 describes structures along Lucas and False Lucas Sloughs. Lucas Slough is a vaguely ‘w’ 

shaped slough formed by two overlapping remnant oxbows. At its eastern end, the slough 

terminates at the fishway located at the edge of the nested ponds in the westernmost cell of 
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Barnaby Slough, near the hatchery facility. The dike impounding Harrison Pond at its western end 

separates Harrison Pond from Lucas Slough, and the fishway running through the dike (described 

above) provides connectivity between the pond and the slough. From the edge of Harrison Pond, 

Lucas Slough flows for 1.24 miles through low-gradient floodplain, rejoining the Skagit River at RM 

68.8. Submerged remnants of concrete sill with wing walls are present in the channel at this point; 

these are remnants of a former fish trap structure. No other structures are present along the length 

of Lucas Slough, save for some unmaintained low beaver dams and a site where a fallen tree has 

partially blocked flow, creating minor ponding upstream.   

Elsewhere on the site, False Lucas Slough, which roughly parallels Lucas Slough to the southwest 

but has less distinct upstream and downstream connections, is crossed in two locations by fill that 

may have been associated with a historic railway operating in the area. The fill sites run along an 

east-west line; the westernmost is about 300’ wide while the easternmost is approximately 200’ 

wide and continues to provide road access to extensive commercial timber lands. WDFW fish 

passage barrier surveys indicated a barrier culvert in the western fill site, but the culvert was not 

located during the summer 2013 survey. It may have become overgrown or filled in, or it may have 

been removed at some point. At present, no connectivity through the road fill is provided and a 

difference of more than one foot in water surface elevations was observed on either side of the road 

fill in summer 2013. Two newer (3’ dia.) culverts provide connectivity through the eastern fill. 

Finally, a handful of small culverts are present where various forest roads on the western half of the 

property cross minor drainages. These have not been exhaustively mapped. 

2.3 GEOMORPHIC CONDITIONS        

2.3.1 Geologic Setting 
The project reach is located in a broad, unconfined segment of the Skagit River valley immediately 

upstream of the confluence with the Sauk River (Figure 8). The valley segment from Rockport (RM 

67) to Marblemount and the Cascade River confluence (RM 78) is approximately 2 miles in width 

and has a gradient of 0.002 (feet/feet). The north side of the valley is flanked by a ridge extending 

from the peaks of Sauk Mountain and Bald Mountain which rises to an elevation of 5,400 feet and is 

underlain by metavolcanic rocks of the Chilliwack River terrane (Tabor et al., 2003). The south side 

of the valley is flanked by a ridge underlain by metamorphic rocks (Shuksan Greenschist) of the 

Easton terrane (Tabor et al., 2002) and ranging in elevation from about 1,400 feet near the Sauk 

River confluence to over 4,500 feet in the headwaters of the Illabot Creek watershed. 

The Straight Creek Fault intersects the Skagit River valley upstream of Marblemount. The fault 

divides low grade metamorphic rocks to the west from the uplifted core of the North Cascades to 

the east (Tabor and Haugerud, 1999). The Skagit River valley becomes confined upstream of the 

fault beginning near the Bacon Creek confluence at RM 83. Valley gradient then steepens upstream 

near RM 95 at the Skagit River gorge (Figure 9) which has been developed by the Skagit River 

Hydroelectric Project.  

The valley morphology and drainage patterns of the watershed have been shaped by multiple 

glacial advances in the Pliestocene Epoch (12,000 – 126,000 years before present) of the 

Quaternary Period (last 2.59 million years). An alpine glacier from the Baker River valley  advanced 



 BARNABY RESTORATION ALTERNATIVES ASSESSMENT November 12, 2014 

 15  
 

into the Skagit River valley approximately 27,000 years ago forming Glacial Lake Concrete which 

backed water up to the present day location of Marblemount and drained southward from the 

Skagit River valley along the present day alignment of the Sauk River and then westerly via the 

Stillaguamish River valley (Riedel, 2007). The most recent continental ice sheet advance, known as 

the Vashon Stade of the Fraser Glaciation, covered the Puget Lowland beginning approximately 

18,000 years ago, merged with ice from the alpine glaciers in the North Cascades, and retreated 

from the region by approximately 15,000 years before present (Booth, 1987; Porter and Swanson, 

1998). Ice thickness was approximately 5,500 feet near the U.S.-Canadian border (Armstrong et al., 

1965). Meltwater from pro-glacial lakes in the Upper Skagit basin breached the pre-glacial drainage 

divide at the Skagit Gorge and captured flow from the Upper Skagit River that formerly drained into 

the Fraser and Okanagan basins (Riedel et al., 2007). Outwash deposits from the Vashon Stade form 

thick accumulations of sand and gravel that rise up to 300 feet above the present valley bottom 

near Illabot Creek and downstream of the project reach near Rockport (Tabor et al., 2002). Valley 

bottom landforms such as alluvial terraces and channel meander scars formed over the last several 

thousand years as the climate warmed through the Holocene epoch (last 11,800 years). Meander 

migration rates from maps made in 1884, 1901 and 1915 range from 24 to 106 feet/year, averaging 

70 feet/year. Since these rates include both lateral and downstream migration, they over-estimate 

rates the river moves laterally across its valley. Through the Holocene the river has incised several 

hundred feet and left behind high terraces, primarily located along the valley’s southern margin. 

The 100-year floodplain approximates the modern valley bottom which is now about 7,500 feet in 

width. Assuming a conservative cross-valley migration rate of 25 feet/year, the river would have 

moved across its valley about every 300 years, or 17 times through the last 5,000 years. Southward 

(cross-valley) migration of the Skagit’s Martin Road meander (west portion of project reach) 

averaged about 60 feet/year from 2003 to 2012.   

Lateral channel migration has reworked sedimentary deposits within the valley since the last 

glacial recession. A broad channel migration zone is evident from meander scars of relict channel 

features on the floodplain and extends nearly across the entire valley bottom in the project reach 

(Riedel, 2010). Several tributary channels draining the steep hillslope on the north side of the valley 

have formed alluvial fans where the streams emerge from confined channel segments onto the 

unconfined Skagit River valley (Figure 8). Toe material along the base of alluvial fans on the north 

side of the valley appears to be composed of boulders deposited by debris flows which are more 

resistant to bank erosion than valley alluvium. Multiple landslides have been mapped on the 

hillside along the north side of the valley (WA DNR, 2010). The deposits of these slides likely consist 

of coarse rock debris that is also more resistant to erosion. On the south side of the valley, Illabot 

Creek has dissected the outwash terrace and formed an alluvial fan that projects into the valley at 

the upstream end of the project reach. 
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Figure 8. Geologic map of the Skagit River valley between Rockport and Marblemount (1:100,000 scale). Data 

source: WA DNR (2010) based on mapping by Tabor et al. (2002; 2003). 
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Figure 9. Longitudinal profile of the Skagit River derived from USGS 10m DEM. 

 

 

2.3.2 Hydrology 
The watershed upstream of the project reach is a steep, mountainous area encompassing 1,655 

square miles with headwaters in the North Cascades and approximately 8,000 feet of vertical relief 

(Figure 9). Annual precipitation totals range from about 45 inches in lowland areas and increase to 

over 150 inches in the headwaters. The hydrologic regime of the project reach is characterized by a 

seasonal variation with low flows in the late summer and early fall, higher winter flows with flood 

peaks in response to heavy rainfall, and a spring/early summer snowmelt period. The largest floods 

are created by winter rainfall events associated with atmospheric rivers that concentrate moist air 

from the tropics into narrow plumes that are conducive to enhanced orographic precipitation upon 

landfall (Neiman et al., 2011). During years that lack large storm events, however, the snowmelt 

peak in early summer may be the annual maximum discharge. Flood frequency statistics for the 

project reach have been previously analyzed by the U.S. Army Corps of Engineers and are 

summarized in Table 2. The flood frequency analysis performed by the U.S. Army Corps of 

Engineers was performed using available USGS gauge records and adjusted for the drainage area at 

Rockport, WA. Tributary influences from Illabot Creek and other drainages are accounted for in the 

change in watershed area at the gauge location and Rockport, WA.  

The mainstem Skagit River is impounded by three dams owned and operated by Seattle City Light 

in the gorge upstream of Newhalem (RM 96). The Skagit River Hydroelectric Project has regulated 

flow at the Gorge Dam and Powerhouse since 1924, Diablo Dam since 1929, and Ross Dam since 

1940. Collectively, the contributing drainage area upstream of the three dams totals 1,159 square 

miles and is 70% of the watershed area above Rockport. The Cascade River, draining a watershed 

area of 172 square miles, is the largest unregulated tributary to the Skagit River upstream of 

Rockport. The regulated flow regime resulting from dam operation tends to diminish the frequency 

of larger bed mobilizing flows. 
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Projected climate changes are anticipated to impact the timing and magnitude of streamflow in the 

Skagit River in the coming decades (Lee and Hamlet, 2011). Regional climate models predict a 3.2 

F increase of mean annual temperature by the 2040s and a 5.3 F increase by the 2080s (Mote and 

Salathe, 2010). Riedel (2012) evaluated potential changes in the dominant form of winter 

precipitation for Skagit River watershed under the projected temperature scenarios for the 2080 

and estimated a 25% decrease in the area characterized as the snowfall-dominated zone with 

corresponding increases in the effective watershed area contributing runoff from rainfall and rain-

on-snow. The anticipated streamflow response includes larger peak flows in winter and reduced 

summer flows during the snowmelt period (Lee and Hamlet, 2011). Simulations by the University 

of Washington Climate Impacts Group using a variable infiltration capacity (VIC) hydrologic model 

predict over a 50% increase in daily flood discharge at the 100-year return interval for the Upper 

Skagit River (Hamlet et al., 2013; Hamlet et al., 2010). 

Table 2. Summary of flood frequency statistics for 

the Skagit River at Rockport (upstream of Sauk River 

confluence). 

Recurrence interval 
(years) 

Peak flow*  
(cfs) 

2 36,000 

5 46,200 

10 55,000 

25 68,100 

50 79,300 

100 92,500 
* (USACE, 2010; as cited in NHC, 2011) 

2.3.3 Sediment Supply and Bed Material 
The sediment supply to the project reach is mixed with finer grained sediments (sand, silt, and clay) 

transported as suspended load and coarser grained sediments (gravel and cobble) transported as 

bedload during peak flow events. USGS monitors suspended sediment loads in the Skagit River, 

however bedload is not measured and its relative contribution to the sediment budget is unknown 

(U.S. Army Corps of Engineers, 2008). 

Sediment transported from the upper basin is trapped in the reservoirs formed by the Skagit River 

Hydroelectric Project upstream, 25 miles upriver of the Barnaby Reach. Unregulated tributaries 

account for about 500 square miles (30%) of the drainage area at Rockport. Paulson (1997) 

evaluated mass wasting, surface erosion of roads, and soil creep to develop annual sediment 

budgets for 10 Skagit River sub-basins. Mass wasting was found to be the dominant erosion 

process. The Cascade River watershed includes approximately 23 square miles of glaciated areas 

and is likely to be an important source of coarse-grained sediments to the project reach (U.S. Army 

Corps of Engineers, 2008).  

The bed material in the project reach is characterized by gravel- and cobble-sized sediments and 

there are active bars developing within the channel in dynamic segments of the reach. WSDOT 
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(2007) sampled the bed approximately two miles upstream of the project site for the SR 20/MP 

100.7 project and reported a cobble-sized armor layer (D50 = 150 mm, D90 = 300 mm) overlying a 

gravel-sand substrate (D50 < 5 mm) that is actively moving through the reach under the current 

flow regime. 

2.3.4 Channel Geometry and Floodplain Characteristics 
The broad, alluvial valley encompassing the project reach ranges between 1.3 and 1.8 miles in 

width and has been shaped over time by channel migration processes including lateral bank retreat 

and channel avulsion. NSD reviewed topographic data from the 2005 LiDAR DEM and derived 

relative elevations to map fluvial landforms of the project reach (Figure 10). The reach is generally 

characterized by a single-thread, meandering channel with infrequent flow splits around medial 

bars or islands. The active channel (including the wetted low flow channel and un-vegetated bar 

surfaces) is approximately 500 feet in width and has a maximum depth of 12 to 15 feet at bankfull 

stage (Figure 11). The channel has a pool-riffle morphology with an average gradient of 0.0017 

feet/feet over the nearly 4 mile long reach (Figure 12).  

Channel sinuosity (ratio of channel length/valley length) is 1.23 over the project reach but varies 

within sub-reaches. Four sub-reaches were delineated within the project area based on 

downstream variation in channel pattern and geologic or human controls on channel migration 

(Figure 10). The downstream most sub-reach from RM 67.7 to 69.1 (sub-reach B1) is characterized 

by large meanders (amplitude = 2,800 feet; wavelength = 5,000 feet) yielding a sinuosity of 1.62. 

The sub-reach from RM 69.1 to 70.2 (sub-reach B2) has a slight bend and a sinuosity of 1.18.  

Upstream of RM 70.2 (sub-reaches B3 and B4) the channel is straight and sinuosity decreases to 

1.02. 

The floodplain surface is cut by meander scars of abandoned channels and active side channels. 

Bohs Slough is a prominent perennial side channel, approximately 100 feet in width, that has an 

inlet near RM 69.5. A natural logjam at the slough’s inlet partially obstructs inflows and deflects 

mainstem flows from the left bank towards the right bank. Bohs Slough cuts across the river’s 

meander immediately upstream of the SR 530 bridge, flowing through a much smaller SR 530 

bridge before rejoining the river at RM 67.5, about 900 feet downstream of the SR 530. There is 

another prominent side channel, approximately 80 feet in width that parallels the south side of the 

channel cutting off the meander between RM 68.8 and RM 70. There are a series of abandoned 

channels in the floodplain on the south side of the channel between RM 68.8 and RM 71. The 

abandoned channel features have similar meander geometries to the large meander in the existing 

channel downstream of RM 69 (near Martin Road).  
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Figure 10. Relative elevation map of the project reach. Data source: LiDAR DEM (PSLC, 2005). Cross-sections A 

through D are linked to profiles depicted in Figure 11. CMZ boundary redrawn from Riedel, 2010. 

 

 

Barnaby Slough and Harrison Pond (the Barnaby Complex), occupy two of the abandoned channels 

and have been modified with artificial structures to control water surface elevations as part of past 

efforts to utilize these areas for hatchery production (Figure 10). Barnaby Slough is a relict channel 

feature that was the active mainstem channel during the early historical period as recently as a 

1901 map by USGS (Map Set B).   
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Figure 11. Cross-sectional profiles of the Skagit River valley through the project reach with the observed water 

surface elevation during the April 2013 bathymetric surface (7,600 cfs; light blue) and predicted water surface 

elevations for the 2- (38,200 cfs; dark blue)  and 100-year (94,800 cfs; purple) recurrence interval flows.  
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Figure 12. Longitudinal profile of the project reach derived from bathymetric survey data collected in April 2013. 

Navy blue line shows the pool-riffle morphology of the streambed; light blue line is the observed water surface 

under base flow conditions in April 2013; purple line is the simulated water surface for the 2-year recurrence 

interval flow. 

 

The slough channel is similar in width to the existing mainstem (averaging 540 feet) but the bed of 

Barnaby Slough is approximately 4 feet higher than the adjacent mainstem channel at section C-C’ 

(Figure 11). Harrison Pond occupies the relict channel feature immediately south and downstream 

of Barnaby Slough and is an older feature that predates the historical mapping record. Lucas Slough 

and False Lucas Slough are abandoned channel features in the floodplain located downstream of the 

Barnaby Complex. 

Floodplain features on the north side of the channel includes two areas of scroll bar topography 

indicative of recent lateral migration. These areas include the inside bend of the meander between 

RM 68.2 and RM 69.1 (sub-reach B1) and between RM 69.3 and RM 70.1 (sub-reach B2). The 

abandoned channel areas upstream of RM 69.3 are recent enough to remain inundated during low 

flow periods providing backwater habitats in the floodplain. 

Bank materials are generally composed of sand- and silt-sized alluvial sediments that have accreted 

on the floodplain. If exposed to the hydraulic forces of the main channel, these bank materials are 

highly erodible. Past efforts to constrain channel migration have resulted in armored banks with 

riprap revetment. Notable areas of armored banks include the downstream end of the project reach 

near RM 68 and along the right bank of the channel upstream of RM 71 (Figure 10 and Figure 13). 
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Figure 13. 2013 aerial image of the project reach. 

 

2.3.4.1 Riparian Condition 

Floodplain areas are generally covered by an immature riparian forest with the exception of cleared 

areas near the downstream end of the project reach at Martin Road and near the upstream end of 

the reach near Illabot Creek (Figure 13). SRSC mapped vegetation polygons of the floodplain area 

showing the dominant coverage by deciduous and mixed deciduous/coniferous forests (Figure 14).  

Riparian trees generally range between 80 and 100 feet in height and are not likely sufficient in size 

to provide stable key pieces if recruited to the channel. 
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Figure 14. Vegetation mapping of the project reach by Skagit River System Cooperative based on 2011 imagery 

and field observations from 2013. 

 

2.3.4.2 Instream wood 

The existing mainstem channel is characterized by a generally low abundance of functional wood.  

Stable wood jams are an important component of river corridor that increase the number and 

depth of pools (Montgomery et al., 1995), form islands by inducing sediment deposition (Abbe and 

Montgomery, 1996), increase potential for floodplain inundation (Abbe and Montgomery, 1996; 

Collins and Montgomery, 2002; Brummer et. al., 2006), and create an anastomosing channel pattern 

with perennial secondary channels (Abbe and Montgomery, 2003; Montgomery and Abbe, 2006).  

Recruitment of key pieces (wood that is large enough to resist entrainment and downstream 

transport by hydraulic forces) is essential to create stable hard points in the floodplain that support 

development of mature forests which function as future sources of large wood; thus sustaining the 

floodplain-large wood cycle that maintains physical complexity and habitat diversity in forested 

alluvial valleys (Collins et al., 2012). Historical records document large abundance of instream 

wood in the Skagit River, including a large channel spanning jam near Mount Vernon, that has since 

decreased due to snagging (wood removal) and timber harvest in the riparian corridor (Collins and 

Sheikh, 2002.  
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The loss of wood in the Skagit is not just a result of historic channel clearing, but also a dramatic 

reduction in the recruitment of key pieces large enough to be relatively stable in the river. The 

small trees recruited from areas of recent erosion are typically transported downstream out of the 

reach unless they end up racked on a logjam such as the one at the Bohs side channel inlet. The fact 

that both the existing logjams (RM 68.5 and 71.3) have grown substantially in the last decade 

reflects the importance stable flow obstructions have in keeping wood within the reach. Wood 

recruitment has also been reduced where bank protection revetments have precluded erosion that 

otherwise would have delivered trees to the river.  

Large logjams still occur in the river but are much rarer than historic conditions. Within the project 

reach there are three notable logjams (Figure 15 and Figure 16). The logjam at the inlet to Bohs 

Slough (RM 68.5) appears to have formed between 2003 and 2005 after the river migrated west 

through a narrow strip of riparian forest at the slough’s inlet. The logjam accumulated about 250 

feet of wood on its upstream face between 2005 in 2013. The second logjam of note is an ancient 

accumulation that has been exhumed in the river’s left bank about 900 feet upstream of Bohs 

Slough inlet near Martin Road. During field work in 2013 large logs were exposed along about 500 

feet of the bank. Based on aerial imagery the old logjam may have first been exposed around 2009.   

Exhumed logs were visible approximately 6-15 feet below the floodplain surface, possibly deeper 

(Figure 15). Based on the location of the river historically, the logjam is over 150 years old. The 

third logjam is located near the Sutter Creek rest area off SR 20, about RM 71.3, 1,800 feet 

downstream of the Illabot Creek confluence (Figure 16). This bar apex jam (Abbe and Montgomery, 

1996, 2003) is located at the upstream end of a small forested island and was present at least as far 

back as 1944. From 2003 to 2013 the jam accumulated about 275 feet of wood on its upstream face. 

All of these logjams have deep pools and complex cover that is relatively rare in the mainstem 

channel. Further downstream, more dynamic channel processes and wood recruitment have 

formed examples of stable wood jams near RM 59 along the Ovenell's side channel. 
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Figure 15. Buried logjam exposed in left bank of mainstem Skagit at Martin Road Meander, RM 68.7. Multiple 

layers of logs are visible along about 150 feet of river bank.   
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Figure 16. Examples of functional wood in the project area from 2013 imagery. Wood has accumulated at the inlet 

to Bohs Slough near RM 68.5 (top) and at the apex of an alluvial bar near the Sutter Creek rest area at RM 71.3 

(bottom). Both of these logjams have grown upstream as they’ve accumulated more wood coming down the river 

and both provide complex cover that is rare in the mainstem. 
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2.3.4.3 Wood recruitment 

Bank protection and flow regulation have also contributed to a much more stable channel thereby 

reducing both sediment and wood inputs associated with channel migration. Assuming that 

meander migration from 1901 to 1915 offers a relatively representative depiction of “natural” 

erosion rates, the river eroded about 49,000 yard3/year at one meander, corresponding to a lateral 

migration rate of about 49 feet/year. Extrapolating this annual volume to the project reach we 

estimate that about 120,000 yard3/year of sediment entered the river and approximately the same 

was deposited. Based on channel migration since the 1960s, sediment input from bank erosion was 

less than 10,000 yard3/year or about 8% of natural conditions. With regards to wood recruitment, 

tree stand density can be used to estimate how many would be introduced to the river under the 

erosion scenario described above. Assuming 100 trees/acre, about 820 trees would have been 

recruited to the river each year prior to 1915. Assuming about 4-5 old growth trees/acre, between 

30-40 big snags or key pieces would have entered the reach each year. Under current conditions no 

big trees are being recruited and the numbers of small trees would vary much more since the river 

is migrating into cleared areas and young forest with much denser stands of small trees. These 

numbers are approximate and natural rates would fluctuate by several fold, but we believe this is 

representative of some of the major changes in sediment and wood recruitment that have occurred.   

Wood loading within floodplain side channels is much higher than the mainstem since the channels 

are much smaller and flow velocities lower. Recruitment in side channels is primarily from 

windthrow, localized bank erosion, and beaver. Reconnecting more of the mainstem flow to these 

side channels will increase fish access to the complex habitat associated with wood accumulations 

and initiate processes that increase wood recruitment as side channels respond to increased flows.  

A major change in the mainstem channel such as reoccupying Barnaby Slough would result in high 

wood recruitment rates to the river, depending on efforts to stabilize banks likely to erode. Only 

localized channel deformation is expected in smaller side channels.   

 

2.3.5 Channel Migration and Geomorphic Trends     
Mapping of historical channel conditions by Collins and Sheikh (2002) show a more complex river 

corridor with higher sinuosity, more forested islands, and greater connectivity to secondary 

channels in the floodplain compared to existing conditions (Figure 17). NSD reviewed historical 

maps and imagery of the project reach to document channel and floodplain dynamics in the project 

reach. The collections of archival data sources compiled by SRSC for this project are depicted in 

Map Set B. A selection of the historical imagery and channel alignments digitized by SRSC are 

presented in a 1:12,000 scale map series in Map Set C and as a map overlay in Figure 18 to illustrate 

channel migration patterns during the period 1884-present. During this period, we observe a trend 

toward decreased sinuosity, fewer islands, and less variation in channel planform that all 

contribute to a reduction in physical complexity (Figure 19). These trends were most pronounced 

in the channel segment adjacent to the Barnaby Complex (sub-reach B3). Geomorphic trends over 

the historical period reflect a combination of geologic and human related controls on channel 

migration. NSD delineated four sub-reaches within the Barnaby Reach to highlight patterns of 

channel dynamics. 
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Figure 17. Map of historical conditions for the Skagit and Sauk River Valleys showing meandering-anabranching 

morphology of Skagit River between the Sauk River confluence and Illabot Creek confluence (adapted from Collins 

and Sheikh, 2002). The project area was characterized by a sinuous mainstem and numerous side channels 

indicating the site had a wide variety of productive habitat and well-connected floodplain. Approximate locations of 

SR 20 and SR 530 are shown for reference, as well as current river mile markers. Dark green is forested floodplain 

and light green forested terrace. Red cedar was the dominate species on both landforms based on basal area.  

Floodplain forests were the most diverse, composed of Douglas fir, Western hemlock, bigleaf maple, black 

cottonwood and red alder. Common trees in the less diverse terrace forests included Douglas fir, Western hemlock 

and bigleaf maple. 
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Figure 18. Map of historic channel alignments from archived maps (1884-1915) and aerial imagery (1944-2007).  

GIS data for 1944-2007 channel alignments provided by Skagit River System Cooperative. 

 

 

2.3.5.1 Sub-reach B1 (RM 67.7 to 69.2) 

The downstream end of the project reach is confined by artificial fill placed for construction of SR 

530, which runs north along the eastern margin of the Sauk River delta. SR 530 obstructs over 800 

feet of the floodplain between Bohs Slough and the mainstem Skagit. The mainstem abuts alluvial 

fan deposits along its right (north) bank just upstream of Rockport. The river’s north bank has been 

armored about 1200 feet upstream of the bridge to where it runs along bedrock at the valley 

margin. The river’s left (south) bank is also armored through the bridge crossing. Additional 

historic riprap was placed along the left bank for a distance of 1,100 feet extending upstream from 

the Bohs Slough inlet (RM 68.5 to 68.7) to restrict channel migration toward infrastructure along 

Martin Road. The river got around and destroyed the revetment during the 2003 flood.   

Channel migration in sub-reach B1 has resulted in an overall increase in sinuosity over the 

historical period; an opposite trend from the sub-reaches around the Barnaby Complex (Figure 19). 

This is likely because the backwater effect of SR 530 is sufficient to increase bedload deposition 
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which then drives higher rates of channel migration. Maps detailing historical channel migration in 

this segment are presented in Sheets 1 and 2 of Map Set C. 

 

 

Figure 19. Trends in channel sinuosity by sub-reach, 1884-2013. The Barnaby sub-reach B3 experienced the most 

significant decline. All of sub-reaches except for B1 have shown a historic loss in sinuosity. 

 

 

The bend upstream of the SR 530 Bridge has been relatively dynamic in the historical period. The 

left bank from RM 68 to 68.3 eroded approximately 500 feet between the 1950s and 1970s. A mid 

channel bar then developed within the widened channel and became stabilized with vegetation.  

Split flow around this island triggered erosion of approximately 250 feet along the opposite (right) 

bank upstream of the riprap segment along SR 20 by the 1980s. The bend has maintained a 

relatively consistent alignment in recent decades. 

Channel migration at the meander upstream of the inlet to Bohs Slough (RM 68.5 to 69) was 

previously constrained by riprap for most of the historical period. Erosion of the left bank upstream 

of the riprap between 1983 and 1998 resulted in an average of 225 feet of lateral migration (15 

feet/year). This adjustment enabled erosion around the outside of the riprap and resulted in failure 

of the bank protection after 1998, presumably during the 2003 flood. The bank has continued to 
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migrate southward at an average rate of 27 feet/year (maximum rate = 38 feet/year) since 1998 

with a migration trend that includes an increase in meander amplitude and downstream translation 

of the meander. Bank erosion has brought the river to within 150 feet of Martin Road in 2013.   

Concurrent with migration of the meander at Martin Road, the opposite (right) bank of the 

upstream segment near RM 69 has migrated downstream since 1998. In the 50 years prior to that 

time, the channel alignment had been relatively static (since 1940s). Erosion of the right bank from 

RM 69.0 to 69.2 has resulted in 225 feet of lateral migration on average from 1998 to 2013, with a 

maximum bank retreat of 335 feet. The average rate of recent (1998-2013) channel migration has 

been 15 feet/year, with a maximum rate of 22 feet/year at the apex of the bend. The recent bank 

retreat has been down-valley to the west.   

Erosion into the left bank near Martin Road has exposed a large logjam within the lower portion of 

the bank (Figure 15). Several dozen submerged large logs were visible 6-12 feet below the top of 

bank along more than 150 feet of the shoreline during field mapping in the spring of 2013. It is not 

clear whether or how the buried logs will influence channel migration but they serve as a clear 

reminder that such accumulations were once much more common in the Skagit and should be an 

important element of restoration planning. 

2.3.5.2 Sub-reach B2 (RM 69.2 to 70.2) 

The downstream end of sub-reach B2 is delineated at a point of resistant bank materials on the 

north side of the channel at RM 69.2 (Figure 10). The sub-reach continues upstream to the outlet of 

Barnaby Slough. Historical channel dynamics in sub-reach B2 are highlighted in maps on Sheet 2 of 

Map Set C. 

Channel changes in sub-reach B2 have involved the down valley (westward) migration of the 

meander at RM 69.5 which has increased the length of the straight plane bed channel segment 

upstream. From 1901 to 2013 the straight segment of the river increased by at least 1.5 miles, from 

RM 71 downstream to RM 69.6. This trend is still continuing and poses an ongoing threat in further 

simplifying the river and reducing the range of mainstem habitat and connectivity to floodplain 

habitat. Early historical imagery from the 1940s and 1950s shows a tight meander directing flow 

towards the north side of the valley at the upstream end of the reach and split flow around a 

vegetated island from RM 69.3 to 69.6. The left bank downstream of Barnaby Slough was armored 

by a 750 foot length of riprap to resist erosion at RM 70. The left bank migrated downstream from 

the riprap and this trend has continued since the 1940s. Recent migration along the left bank has 

averaged 27 feet/year since 1998 with a maximum retreat of 36 feet/year around RM 69.5. Riprap 

was removed from the upstream end in 2001 and there has been minor channel change since then 

with about 70 feet of bank retreat (5 feet/year).   

Downstream migration of the left bank from RM 69.7 to 70 is associated with concurrent migration 

of the right bank in the downstream direction. Flow separation along the inside of the migrating 

bend resulted in deposition along the right bank at the upstream end of the sub-reach. The apex of 

the bend along the right bank migrated first downstream at a similar rate to the upstream bend 

migrating along the left bank. The outer bend along the right bank; however, encountered resistant 

bank materials from RM 69.2 to 69.3. 
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2.3.5.3 Sub-reach B3 (RM 70.2 to 71) 

Sub-reach B3 encompasses the Barnaby Complex and is the key focus area of proposed project 

actions. During the earliest river survey for the GLO Plat Map (1884), the mainstem channel 

followed a meander alignment that crossed the alluvial valley and was connected with the present 

day location of Barnaby Slough. The next USGS topographic map in 1901 showed a northward 

migration of the channel upstream of the Barnaby Complex. This northward migration encountered 

the road alignment along the present day SR 20 which crosses the channel migration zone in sub-

reach B4. The road on the north side of the valley was shown as early as the 1901 map. At some 

point, the road embankment was armored with riprap along the channel at the Sutter Creek picnic 

area. Armoring the river bank upstream of the Barnaby Slough meander altered the hydraulic 

conditions and affected conditions downstream through sub-reach B3. Riprap bank armoring can 

result in higher shear stresses due to a reduction in shoreline roughness which in turn can increase 

sediment transport capacity and scour that lock the channel into that location. This can be 

compounded when the channel is straightened since that contributes to a further reduction in 

channel roughness. Historic bank armoring along the straight alignment of SR 20 together with 

segments of naturally resistant banks on the north side of the valley and the river’s reduced 

sediment supply because of the dams, have set up a positive feedback loop of locking more and 

more of the river in place by maintaining areas of high shear stress. 

Deflection of the stream energy by armoring SR 20 in sub-reach B4 and the upstream end of sub-

reach B3 contributed to cutting off the Barnaby meander sustaining a straightened channel 

segment. The cutoff happened between the 1901 and 1915 maps (Figure 18) following the 

completion of the road in the upstream segment. This also coincided with an active period of timber 

harvest in the lowland valley and of snagging within the river channel. Highway protection 

accelerated downstream (westward) erosion of the right bank upstream of Barnaby Slough until 

the channel abutted naturally resistant materials. The resulting straightened and hardened channel 

had greater excess shear stress to move sediment, which with the reduction in upstream sediment 

supply was enough to keep sediment moving through and lock the river into an unnaturally static 

position. This is consistent with fact that the large gravel bars common in more sinuous reaches of 

the Skagit are notably absent in sub-reaches B3 and B4. Large gravel bars within sub-reach B3 were 

still visible in 1944 but by 1956 are gone. Presently there is a small gravel bar at RM 70.6 (sub-

reach B3) that extends about 175 feet into the channel and is associated with a riffle sending flow to 

the southwest across the channel, but it has not  ever triggered any erosion on the left bank. The bar 

does provide a visual reference for how engineered logjams on both sides of the river could be used 

to constrict the mainstem channel to send more flow into Barnaby Slough. 

2.3.5.4 Sub-reach B4 (RM 71 to 71.6) 

Sub-reach B4 is a straight channel segment that extends from the SR 20 Sutter Creek rest area on 

the river’s right bank (north) to the confluence of Illabot Creek on river’s left (south) bank. SR 20 

cuts across the river’s floodplain here and has prevented the river from migrating to the north.  

Immediately upstream at RM 72 the river abuts SR 20 then splits around a small island at RM 71.9 

and turns to the southwest toward Illabot Creek. At the Illabot Creek confluence the river turns 
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back to the west toward SR 20. If not for the highway, the river would certainly have migrated 

further north and set up a meander that would direct flow more to the south across the valley to 

sustain a meandering planform. But instead the river begins an artificially straight segment in this 

sub-reach at RM 71.3 that extends about 8,500 feet downstream to RM 69.7 in sub-reach B2. The 

1884 map has the Barnaby Slough meander beginning at the upstream limit of sub-reach B4 (Figure 

18). One of the two natural logjams observed within the entire study area is located in sub-reach B4 

at RM 71.3 (Figure 16). This bar apex logjam and the island it forms is at least 70 years old since it 

is clearly visible in the 1944 air photos. The logjam clearly illustrates that large logjams can form 

and persist in the Skagit mainstem where they provide much needed pools with complex cover, 

hydraulic refugia and spawning gravels. The logjam’s presence just 150 feet from SR 20 (Figure 16) 

demonstrates that these types of structures can be sustained without threatening the highway and 

are compatible with existing recreation in the river. This logjam provides important precedent for 

possible placement of engineered logjams to constrict the mainstem channel in sub-reach B3 and 

deflect flow into Barnaby Slough. 

2.4 FISH  

2.4.1 Fish Habitat 
As described above, the Barnaby Reach has a very broad alluvial floodplain so it includes an 

abundance and diversity of aquatic habitat types. In addition to the main channel, the floodplain 

includes numerous tributaries, side channels, wetlands, sloughs, ponds, and other habitats that can 

potentially be used by fish. These floodplain habitat features are created and maintained by the 

river over time through the processes of erosion, deposition, and channel migration during peak 

flow events. Floodplain habitat is often a focus of protection and restoration efforts because it can 

provide important spawning and rearing habitat for coho (Beechie et al., 1994), Chinook (SRSC and 

WDFW, 2005), and other species. 

To estimate the area and length of different habitat types currently found in the Barnaby Reach, GIS 

software  was used to digitize habitat features visible on-screen from 2011 NAIP aerial 

photographs. These photos were flown in August, so are expected to represent the minimum 

habitat available seasonally. Only water clearly visible on the photographs was mapped, and 

features were classified into the following habitat types: 

 Mainstem:  The main channel of the Skagit River, including smaller side channels that are 

only separated from the main channel by unvegetated gravel bars, and major side channels 

that are at least 50% of the width of the primary channel. 

 Backwater: Enclosed, low velocity areas separated from the main river channel. 

 Side channel:  Channels separated from the main channel by vegetated islands with a visible 

surface connection at the upstream and downstream ends. These are expected to be actively 

flowing with regular sequences of pools and riffles. 

 Off-channel:  Floodplain channels connected to the main channel or side channel on the 

downstream end but with no visible surface water connection on the upstream end. While 

some of these channels may have pool:riffle sequences, they are primarily fed by 



 BARNABY RESTORATION ALTERNATIVES ASSESSMENT November 12, 2014 

 35  
 

groundwater sources and include habitat types such as ponds, wetlands, and sloughs that 

have low velocities and are dominated by pools. 

 Tributary:  Actively flowing surface water features that drain upland areas into one of the 

other habitat types. 

 

These types could be subdivided into additional habitat units that may be preferred at times by 

various fish species, but these types were chosen because they could be readily estimated from 

aerial photographs and the hydraulic and geomorphic tools used in this study, and at the same time 

would provide enough resolution to make meaningful comparisons between project alternatives.  

For mainstem, backwater, side channel, and off-channel habitat types both area and length were 

measured, but for tributaries only length was measured due to the difficulty of estimating surface 

area under the forest canopy for smaller streams. For backwaters length was measured for the 

perimeter and for all other features length was measured along the centerline. The mapped habitat 

is shown in Figure 20 and a summary of the measurements is included in Table 3.  

 

Figure 20. Habitat types in the Barnaby Reach. 

 



 BARNABY RESTORATION ALTERNATIVES ASSESSMENT November 12, 2014 

 36  
 

Table 3. Summary of area and length of habitat types in the Barnaby Reach. 

Habitat Type Length (ft) Area (ac) 

Mainstem Skagit 19,873 163.8 

Backwater 26,544 16.7 

Side Channel 11,507 17.4 

Tributary 8,198 N/A 

Off-Channel      

   Barnaby 6,841 41.2 

   Harrison 4,692 22.1 

   Upper Harrison 4,777 4.7 

   Other 42,110 36.0 

Total off-channel 58,420 104.0 

 
The off-channel habitat estimates for the Barnaby Reach indicate there are 104 acres of off-channel 

habitat in the floodplain for a bit less than 4 miles of mainstem river channel. These numbers can be 

put into a larger context by comparing them to a study of off-channel habitat for the Upper Skagit 

River basin that included the Skagit River from the Sauk upstream to Goodell Creek, the Sauk, 

Suiattle, Whitechuck and Cascade Rivers, and Bacon Creek (Smith, 2005). This study found that the 

Barnaby Reach has a wider floodplain, more total off-channel habitat, and more floodplain habitat 

compared to mainstem channel length and floodplain area than any of the other reaches. That study 

also estimated that 28 miles of the Upper Skagit River, including the Barnaby Reach, had 253.9 

acres of off-channel and that 43 miles of the nearby Sauk River had 145 acres of off-channel habitat.  

The methods for estimating habitat in that study were different than those used here, so the results 

are not directly comparable, but clearly the Barnaby Reach provides a substantial portion of the off-

channel habitat available to fish in the Upper Skagit River basin. 

The previous section describes geomorphic changes to the main river channel that include lower 

channel migration rates and a straighter channel compared to historic conditions in the upper 

portion of the Barnaby Reach. The geomorphic causes and implications of this change are described 

elsewhere in this report, but this could degrade habitat conditions in a number of ways, including 

reduced floodplain connectivity, lower large woody debris recruitment, simplified channel 

complexity, and reduced quantity of habitat. To look specifically at changes in the quantity of 

habitat, lengths of the main channel were measured from the historic maps and photographs used 

to generate the channel pathways shown in  Figure 18 and are provided in Table 4. The average 

channel length from 1991-2007 was 18,761 feet, while the average channel length from 1884-1915 

was 20,758. This is a reduction of almost 2,000 feet or 10%. This indicates there is less mainstem 

habitat currently available in the Barnaby Reach then there was historically. 
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Table 4.  Historic mainstem channel lengths. 

Year Length (Feet) 

1884 20,614 

1901 21,841 

1915 19,820 

1944 20,170 

1972 19,551 

1991 18,533 

1998 18,551 

2007 19,199 

 

2.4.2 Fish Distribution 
Fish species that use the abundance and diversity of habitats in the Barnaby Reach include Chinook, 

coho, chum, pink salmon, native char, steelhead and cutthroat trout and other species. Information 

on the general distribution of these various species in the Skagit River basin was compiled by the 

Washington State Conservation Commission (2001) and is shown for the Barnaby Reach for 

Chinook and steelhead in Figure 21 and for coho, chum, and cutthroat in Figure 22. This data set 

was developed from recorded observations of federal, state and tribal biologists. It is based on a 

minimum of a single observation of any life stage at any time of year, so in some cases shows 

distribution extending beyond current fish passage barriers described in the section on fish passage 

below and does not distinguish between spawning, rearing, or other habitat values. It is based on 

recorded observations, so the reach includes some similar associated habitats where fish are likely 

to be present but may not be shown on these maps because they were not observed there. 
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Figure 21. Distribution for Chinook and steelhead. 

 
Figure 22. Distribution for coho, chum, and cutthroat trout. 
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2.4.3 Fish Passage 
A number of culverts and flow control structures within the Barnaby reach either fully or partially 

block fish passage to existing habitats. Passage barriers reduce or eliminate the opportunity for fish 

to utilize existing habitat. Partial fish passage barriers may block fish only at some flows, or may 

block passage for some life stages (such as for juveniles but not adults). Fish passage can be 

restored either by removing the existing structure and restoring natural stream conditions or by 

replacing the structure with a new structure designed according to WDFW engineering 

requirements for fish passage (Barnard et al., 2013). Restoring passage is a relatively 

straightforward way to increase the amount of total habitat available to fish and therefore will be 

addressed in all of the restoration alternatives that are considered. 

Information about fish passage barriers was not collected specifically for this study because a 

number of fish passage inventories have already been completed and are included in a statewide 

database, and there is an existing program specifically to identify and address fish passage barriers 

on WDFW-owned lands. This program provided data related to fish passage from these sources for 

the Barnaby reach. Information was collected using standard WDFW methods and determinations 

on fish passage were made according to standard WDFW criteria (WDFW, 2009). 

While this data set sometimes includes a determination on whether structures are partial or 

complete barriers, this metric was not used in this study because it is based on the subjective 

opinion of the field observer and can vary between observers. Culverts and flow structures that did 

not meet the minimum criteria for fish passage were simply considered barriers, even though in 

some cases fish may pass at least some of the time. This information is summarized in Table 5 

below and in Figure 23.   
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Figure 23. WDFW fish passage inventory. 
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Table 5. Summary of known fish passage barriers within the Barnaby Reach. 

 

Site ID Feature Bar-
rier? 

Date 
Inspected 

Stream Tributary 
To 

Road Owner 
Type 

Harrison 

03.1340   
1.60 

Fishway, 
Dam 

Yes 5/9/2013 Harrison Sl Lucas Sl   State 

03.1340B  
0.10 

Fishway, 
Dam 

No 3/29/2000* Harrison Sl Lucas Sl   State 

IL13 Culvert No 5/9/2013 Harrison Sl Lucas Sl Barnaby 
Slough Rd 

City 

IL15 Culvert No 9/14/2001 Harrison Sl Lucas Sl   Private 

IL12 Culvert Yes 8/21/2000 unnamed Harrison Sl Martin 
Ranch Rd 

County 

IL11 Culvert Yes 5/9/2013 unnamed Harrison Sl Martin 
Ranch Rd 

County 

IL9 Culvert Yes 8/21/2000 unnamed Harrison Sl Rockport-
Cascade 
Rd 

County 

IL10 Culvert Yes 8/21/2000 unnamed Harrison Sl Rockport-
Cascade 
Rd 

County 

IL14 Culvert Yes 5/9/2013 unnamed Harrison Sl   City 

983312 Fill/ 
Puncheon 

Yes 5/9/2013 unnamed Harrison Sl   City 

Barnaby 

03.1343   
0.30 

Fishway, 
Dam 

Yes 5/9/2013 Barnaby Sl Skagit R   State 

03.1343   
0.50 

Fishway, 
Dam 

No 5/9/2013 Barnaby Sl Skagit R   State 

IL17 Dam Unk 5/9/2013 Barnaby Sl Skagit R   State 

03.1343   
1.00 

Fishway, 
Dam 

Yes 5/9/2013 Barnaby Sl Skagit R   State 

983313 Ford N/A 5/9/2013         

Lucas 

IL24 Culvert Unk 8/21/2000 False Lucas 
Sl 

Skagit R   City 

Martin 

IL25 Culvert Yes 
8/21/2000 

Martin Sl Skagit R Martin 
Road 

County 

IL26 Culvert Yes 
8/21/2000 

Martin Sl Skagit R Martin 
Road 

County 

* this fishway was intentionally made impassable after Harrison fishway was installed (2001) 
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In order to evaluate how much of a problem fish barriers are in the Barnaby Reach, this information 

was also used to refine the habitat information described in the previous section. Habitat that is 

currently accessible to fish was classified as “connected” and habitat that is upstream of the 

identified barrier and therefore not passable to fish was classified as “isolated.” The results are 

summarized in Table 6 and show that more than a mile of tributary habitat and 78.5 acres of off-

channel habitat are not currently accessible to fish.  

Table 6. Habitat in the Barnaby Reach classified by fish accessibility. 

 

  Connected Habitat Isolated Habitat 

Habitat Type Length (ft) Area (ac) Length (ft) Area (ac) 

Mainstem Skagit 19,873 163.8 0 0.0 

Backwater 26,543 16.7 0 0.0 

Side Channel 11,507 17.4 0 0.0 

Tributary 2,830 N/A 5,376 N/A 

Off-Channel          

   Barnaby 0 0 6,841 41.2 

   Harrison 0 0 4,692 22.1 

   Upper Harrison 0 0 4,777 4.7 

   Other 31,296  25.4 10,814 10.5 

Total Off-channel 31,296 25.4 27,124 78.5 

  

2.5 WILDLIFE 

2.5.1 Wildlife Habitat 
The project area currently consists of approximately 300 acres of aquatic habitat divided into 

mainstem (164 ac.), backwater and side channel (17 ac. each), and off-channel habitats (104 ac.) 

(Table 3, Figure 24). Most of the off-channel habitat is associated with Barnaby Slough. Terrestrial 

habitats cover about 1,835 ac and are dominated by deciduous forest stands (846 ac), although 

mixed conifer/deciduous (348 ac), and conifer (206 ac) forests are also common (Table 7). 

Mapping also documented approximately 75 acres of emergent/scrub-shrub wetlands, although a 

formal wetland delineation has not been conducted. A large portion of the emergent wetland in 

Barnaby Slough is infested with yellow-flag iris (Iris pseudacorus), a Washington State Class C weed 

that provides poor wildlife habitat value. In addition, it appears that about 14 ac of deciduous forest 

have been killed in the last 3 years by elevated water levels caused by beaver dams and lack of 

maintenance of the WDFW infrastructure on Barnaby Slough. It should be noted that the area of 

wetland is likely under-estimated because only wetlands on SCL property were ground verified; the 

rest of the area was mapped remotely. 
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Table 7. Summary of wildlife habitat types under existing conditions.1  

  
Habitat Type 

Non-SCL 
Property 

SCL Properties 
 

Barnaby 
Barr 
Cr Johnson 

False 
Lucas Total 

River Bar 24.8 
 

<0.1 0.9 
 

25.7 

Clearing 184.3 1.9 
 

12.1 <0.1 198.3 

Conifer Forest 125.9 76.1 
 

3.8 0.1 206.0 

Dead Deciduous Forest  3.9 
    

3.9 

Dead Deciduous Forest, recently 
submerged 10.2 

    
10.2 

Deciduous Forest 643.2 43.7 1.3 19.4 138.8 846.4 

Emergent/Scrub-Shrub Wetland 40.9 15.9 
  

17.9 74.6 

Forested Wetland 1.9 11.6 
  

14.3 27.8 

Mixed Conifer/Deciduous Forest 260.7 46.1 3.9 18.4 19.6 348.5 

Open Water 253.7 26.9 0.2 10.9 12.7 304.4 

Recent Clearcut 53.1 0.1 
  

0.2 53.4 

Road 9.3 2.8 
   

12.1 

Vegetated Bar 28.2 
  

0.2 
 

28.4 

Total 1,640.1 225.1 5.4 65.7 203.5 2,139.8 
 
1
 Mapping based on 2011 aerial photography plus 2013 field mapping of wetlands on Barnaby Slough SCL land. 

 
Figure 24. Existing landcover and wildlife habitat. 
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The amount of inundation under 2-year flows and the acreage of fish habitat (3,000 cfs flow) under 

each action alternative were used as to evaluate relative impacts on wildlife habitat. Analysis of the 

modeled water depths under existing conditions reveals that there are 591 ac of terrestrial habitat 

outside of what was clearly mapped as fish habitat that do get inundated by 2-year flows in the 

Skagit River (Table 8, Figure 25). This acreage does not include Barnaby, Harrison or False Lucas 

Sloughs because their water levels are not affected by 2-year mainstem flow levels. There are about 

457 acres that have depths greater than 2 feet or are mapped as wetland along the sloughs that are 

not directly affected by Skagit flows under existing conditions (Figure 25). Depending on site-

specific topography, these areas are routinely flooded, providing semi-permanently or seasonally-

flooded aquatic areas, and supporting a diverse mixture of wetland and riparian habitats that are 

important for amphibians, breeding birds, foraging bats, and other species. Many of these off-

channel and backwater areas are at least partially maintained by beaver dams along the sloughs 

and streams. 

Table 8. Area outside of aquatic habitat inundated by 2-year flow under existing conditions. 

Depth (feet) Acres 

0.5 - 2 214 

2 - 4 223 

> 4 154 

Total 591a 
Source: NSD model, 1-ft pixel Lidar data 
a   

areas near Barnaby,  Harrison, and False Lucas Sloughs are not included because those areas are not directly 

affected by 2-year flows in the mainstem. 
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Figure 25. Aquatic habitat and terrestrial habitats likely to be inundated by a 2-year flow event under existing 

conditions (SCL property boundaries shown in red). 

 

At Barnaby Slough the various dikes and levees result in summer water surface elevations varying 

between 240 feet near the downstream end and 243 feet at the upstream end (Figure 26). Upper 

Harrison Slough water levels are dictated by groundwater and small tributary inflows, the culverts 

under Barnaby Slough Road, and a series of beaver dams. This is evident because the water level in 

Upper Harrison is 2 feet above upper Barnaby Slough levels, and 0.3 feet above the lower Harrison 

Pond levels. Bathymetry and water level surveys of cross-sections in Upper Harrison document a 

narrow open water zone and a broad forested and emergent wetland complex in shallowly flooded 

benches. For example, at cross-section 5 near the eastern end of the slough, the wetland zone is 

nearly 50 feet and 150 feet wide on the two sides of an open water channel that is within 1.5 

vertical feet of the water surface elevation (Figure 27).   
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Figure 26. Surveyed water levels and locations of Upper Harrison Slough beaver dam and surveyed cross-sections. 
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Figure 27. Cross-section in Upper Harrison Slough. 

 

 

2.5.2 Wildlife Use 
Limited wildlife surveys were conducted on SCL, WDFW, and TNC property near Barnaby, Harrison, 

and False Lucas Sloughs to characterize existing wildlife use. These surveys targeted winter/spring 

waterfowl use of Barnaby and Harrison, amphibian breeding of the three sloughs, bat foraging 

activity at Upper Harrison and lower Barnaby Sloughs (data collection is ongoing in 2014), 

breeding birds of sloughs and adjacent forest habitats, and limited use of “camera traps” to detect 

deer and elk. 

2.5.2.1 Amphibians 

Visual encounter amphibian egg mass surveys conducted in Barnaby, Harrison, and False Lucas 

Sloughs in March-April 2011-2012 documented large numbers of breeding northern red-legged 

frogs, Pacific chorus frogs, and northwestern salamanders throughout much of Upper Harrison 

Slough. Numerous chorus frog and more than 330 red-legged frog egg masses were found in that 

area. The complex emergent, scrub-shrub and forested wetland habitat maintained by a series of 

five beaver dams provides about 11 acres of high-quality pond-breeding amphibian habitat along 

2,500 feet of the Upper Harrison Slough. One other species, the rough-skinned newt, was 

documented on Martin Ranch Road near Upper Harrison Slough incidental to other activities. 
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Only about 10 red-legged frog egg masses were found in Barnaby Slough and the lower portion of 

Harrison Pond because these areas primarily have only very narrow fringes of shallow emergent 

wetland habitat and are presumed to have populations of fish. Where there are larger areas of 

emergent wetland along Barnaby, cattails and yellow-flag iris create dense monocultures that are 

very low quality for pond-breeding amphibians. Moderate numbers of red-legged frogs were found 

in False Lucas Slough, again most often associated with sedge- and rush-dominated emergent 

wetland created by beaver dams and the former railroad grade that bisects the slough.  

2.5.2.2 Winter Bird Use 

During winter/spring survey waterfowl were the predominant avian species observed in the 

project area. Between December 2012 and April 2013, a total of 13 species of waterfowl were 

observed using Barnaby and Harrison (Table 9). Bald eagles and belted kingfishers were 

occasionally observed. Between 43 and 63 waterfowl individuals were detected during each survey, 

with the peak number occurring on December 27, 2012. That day, the peak number of bald eagles 

(six) was also detected. Diving ducks, many of which are piscivorous, comprised 88% of all 

observations, with bufflehead (36%), pied-bill grebe (24%) and common merganser (18%) being 

the most common. Use was relatively evenly divided between Barnaby and Harrison, 46%:54% of 

the observations, respectively. Most of the waterfowl activity on Harrison was concentrated on the 

middle and lower portions while on Barnaby the use was greatest at the two ends of the slough. A 

small number of ducks were observed using Upper Harrison Slough. 

2.5.2.3 Breeding Birds 

Breeding bird surveys were conducted at 8 survey stations in forested and shoreline locations on 3 

days during June 2013. These surveys documented 39 bird species (Table 10). The species 

assemblage was typical of that found in western Washington conifer-deciduous forests and wetland 

habitats. The Swainson’s thrush, song sparrow, Pacific slope flycatcher, and American robin were 

the most commonly detected species. Other species of note include northern shrike and red-tailed 

hawk that were observed incidental to other activities on the property. 

  



 BARNABY RESTORATION ALTERNATIVES ASSESSMENT November 12, 2014 

 49  
 

Table 9. Summary of avian species detected during winter-spring surveys of Barnaby and Harrison. 

   
Date 

  
Species 

Barnaby Harrison1 Grand 
Total B1 B2 B3 B4 B5 H1 H2 H3 H6 H7 

12/7/2012 Am. Widgeon     1               1 
  Bufflehead 12 1 

  
  17 

  
1 

 
31 

  C. Merganser   3 
  

6 
   

5 
 

14 

  
Hooded 
Merganser   

   
4 

   
1 

 
5 

  Pied-bill Grebe   
   

2 
   

2 
 

4 
  Ring-necked Duck   

   
  1 

  
2 

 
3 

12/7/2012 Total 12 4 1   12 18     11   58 

12/27/2012 Bald Eagle       6         1 2 9 
  Belted Kingfisher   

  
2   

     
2 

  Bufflehead 3 3 5 5   4 
  

1 2 23 
  C. Merganser   

  
3   3 5 

 
6 

 
17 

  
Double-Crested 
Cormorant   

  
1 5 

   
3 

 
9 

  
Hooded 
Merganser   

   
3 

     
3 

  Pied-bill Grebe   
   

  
 

3 
   

3 
  Ring-necked Duck 3 

   
3 

     
6 

  Trumpeter Swan   
  

2   
     

2 

12/27/2012 Total 6 3 5 19 11 7 8   11 4 74 

1/31/2013 Bufflehead 5 2       2 1       10 
  C. Merganser   

   
13 2 

  
13 

 
28 

  
Double-Crested 
Cormorant   

   
  1 

    
1 

  
Hooded 
Merganser   1 

  
  

     
1 

  Mallard   
 

2 
 

  2 2 
   

6 
  Ring-necked Duck   

 
9 

 
  

 
2 

 
2 

 
13 

1/31/2013 Total 5 3 11   13 7 5   15   59 

3/5/2013 Bufflehead           3     12   15 
  Canada Goose   

  
3 3 

    
2 8 

  C. Merganser   
   

1 
     

1 
  C. Goldeneye   

   
1 

   
1 

 
2 

  
Double-Crested 
Cormorant   2 

  
  1 

    
3 

  L. Scaup   
   

  
  

1 
  

1 
  Mallard 1 1 

  
  4 2 

   
8 

  Pied-bill Grebe   1 
  

  
 

1 
 

1 
 

3 
  Ring-necked Duck   

 
2 10   6 2 

   
20 

  Wood Duck   
   

  1 
    

1 

3/5/2013 Total 1 4 2 13 5 15 5 1 14 2 62 

3/21/2013 Belted Kingfisher           1         1 
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Date 

  
Species 

Barnaby Harrison1 Grand 
Total B1 B2 B3 B4 B5 H1 H2 H3 H6 H7 

  Bufflehead 1 
   

  
 

10 8 
  

19 
  C. Goldeneye 4 

   
  

     
4 

  
Hooded 
Merganser 5 

   
  

     
5 

  Pied-Bill Grebe 2 
   

  
     

2 
  Ring-necked Duck 4 

   
  

 
6 

   
10 

  Wood Duck 1 
   

  2 
    

3 

3/21/2013 Total 17         3 16 8     44 

4/23/2013 Bufflehead 4 4 3 2   2 7   7   29 
  Canada Goose   

  
1   1 

  
6 

 
8 

  C. Merganser   
 

2 
 

  
     

2 
  C. Goldeneye   

   
  

   
1 

 
1 

  Mallard   
  

1   
     

1 
  Ring-necked Duck   1 3 

 
  3 4 

 
11 

 
22 

  Wood Duck   
   

  
   

3 
 

3 

4/23/2013 Total 4 5 8 4   6 11   28   66 

Grand Total 45 19 27 36 41 56 45 9 79 6 363 
1
 No waterfowl were observed at Harrison Slough survey stations H4 or H5. 
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Table 10. Summary of bird species observed during breeding season surveys at 8 stations in 2013. 

Species 

 
Survey Station 

A1 A2 A3 A4 A5 A6 A7 A8 
Incidental 
or > 50m 

Amer. Robin   x     x       
 Black-capped Chickadee   

 
x 

      Belted Kingfisher   x x 
      Blackheaded Grosbeak x 

 
x 

    
x 

 Black-throated Gray Warbler   
       

x 

Canada Goose   
       

x 

Cassin's Vireo   
 

x 
   

x 
  Cedar Waxwing   

       
x 

Common Raven   
       

x 

Common Yellowthroat   x x 
 

x x 
   Dark-eyed Junco   

       
x 

Golden-crowned Kinglet   
       

x 

Hammond's Flycatcher   
    

x 
   Mallard   

       
x 

Marsh Wren   x 
  

x 
    MacGillvaray's Warbler   

       
x 

Northern Flicker   x 
       Osprey   

       
x 

Pacific Wren x 
  

x 
  

x x 
 Pied-bill Grebe   

       
x 

Pacific Slope Flycatcher x 
  

x 
  

x x 
 Raven   

       
x 

Red-bellied Sapsucker   
   

x 
    Rufous Hummingbird   

       
x 

Redwing Blackbird   
   

x 
    Rough-winged Swallow   

       
x 

Sora Rail   
       

x 

Song Sparrow x x x 
 

x x 
 

x 
 Spotted Towhee   x 

    
x 

  Stellar's Jay   
     

x 
  Swainson's Thrush x x 

 
x 

 
x x 

  Townsend's Warbler   
 

x 
      Tree Swallow   x 

       Vaux's Swift   
       

x 

Western Tanager   
       

x 

Willow Flycatcher   x x 
      Wilson's Warbler   

       
x 

Western Wood Peewee   
   

x 
    Yellow Warbler   

       
x 

Species Count 5 10 8 3 7 4 6 4 18 
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2.5.2.4 Bats 

Demonstrating the importance of the complex of aquatic, wetland, and riparian habitat along Upper 

Harrison Slough, more than 8,000 bat passes were recorded by an ultrasonic detector in there 

between March and June 2013. In all, 9 species of bats were recorded: big brown bat (Eptesicus 

fuscus), silver-haired bat (Lasionycteris noctivagans), California myotis (Myotis californicus), hoary 

bat (Lasiurus cinereus), silver-haired bat, long-eared myotis (Myotis evotis), fringed myotis (Myotis 

thysanodes), little brown myotis (Myotis lucifugus), Yuma myotis (Myotis yumanensis), and long-

legged myotis (Myotis volans). Overall bat activity was fairly low in March when temperatures were 

low and increased throughout the spring (Figure 28). Most March activity was by silver-haired bat, 

California myotis and Yuma myotis, whereas in May, little brown myotis were most common. 

The ultrasonic detector was deployed at lower Barnaby Slough between October 2013 and January 

2014 and again between March and June 2014. Species composition detected there has been similar 

to the Harrison site but additional data collection is continuing throughout 2014. Mist netting 

confirmed Yuma myotis present at Harrison Pond during July 2014. 
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Figure 28. Bat passes by species in Upper Harrison Slough, March through June, 2013. 

 

2.5.3 Other Wildlife 
During fall and winter, a small of number of bald eagles were periodically observed perching along 

Harrison Pond, Upper Harrison and Barnaby Sloughs. It is likely that the bald eagles were foraging 

for fish or waterfowl on the sloughs. Elk and black-tailed deer were documented immediately 

adjacent to Barnaby Slough but level of use on SCL and WDFW land seems low. Herds of elk have 

been observed using the pastures associated with TNC’s “Martin Ranch” property and adjacent 

lands west of Illabot Creek during the fall-winter months. 
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2.6 RECREATION   
The Barnaby Complex is managed by the WDFW hatchery program specifically for the production 

of steelhead trout. Other properties in the area, including those owned by SCL and TNC, are 

managed for conservation purposes. Although not managed for public use, the site is open to the 

public and is used as a passive recreation and access area. Recreational opportunity may be affected 

by restoration actions. This section contains information on the existing passive recreational 

opportunity and provides a list of possible recreational improvements. A detailed recreation plan 

suggesting specific site design and improvements will be developed after a restoration alternative 

is selected. The primary reason for the acquisition of the public and conservation lands in the 

Barnaby Reach was for the development of steelhead rearing ponds and for conservation so there is 

no statutory requirement for recreational access. 

2.6.1 Existing Recreational Opportunity 
The Barnaby Complex is currently accessed by parking at a locked gate and walking into the area. 

The hatchery infrastructure that remains on the site (Figure 29) is considered an attractive 

nuisance, creating liability for the State and the other landowners; the site is not promoted as an 

official recreation area.  

 
Figure 29. Barnaby Slough parking and infrastructure. 

 

 

The few existing public amenities of the site include: an interpretive sign, a pit toilet, parking for 

approximately 15 cars (currently located behind the locked gate), approximately 2.5 miles of 

unmaintained roads that can be used as trails, approximately 1 mile of unmaintained primitive 

trails, and informal access to the Skagit River. There is no American Disability Act (ADA) access 

(Figure 30). 
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While the public recreational use of the site is not officially documented, observations of people in 

the area and evidence of use suggest that the area provides the following passive recreational uses: 

 Bird watching and wildlife photography: Barnaby Slough is part of the WDFW Skagit Wildlife 

Area Bald Eagle Natural Area. This stretch of the Skagit River is one of the five largest 

wintering aggregations of bald eagles in the lower 48 states. Additionally many species of 

ducks, swans, and mergansers can be observed on Barnaby Slough and Harrison Pond.  

 Waterfowl/bird hunting: Several species of ducks are attracted to the open water areas of 

the site and the deciduous forest that covers most of the site provides habitat for ruffed 

grouse. 

 Big game hunting: Elk and deer are frequently observed at the site and hunters have been 

observed harvesting deer. 

 Fishing: Informal access to the Skagit River provides bank fishing opportunity for salmon 

and steelhead. Additionally Barnaby Slough and Harrison Pond provide trout fishing 

opportunity. 

 Mushroom gathering: Forested areas on the site provide good growing conditions for wild 

mushrooms, primarily the morel variety.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 30. Barnaby Slough ownership and trail network. 
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3 EVALUATION OF PROJECT ALTERNATIVES     

3.1 PROJECT OBJECTIVES AND VALUES 
The Steering Committee developed a set of Project Values for use in evaluating restoration 

alternatives. These values capture the objectives of the project to restore habitat for fish and 

wildlife, but also include other important project elements such as flood and erosion risks, and 

maintaining or improving recreational opportunities in the Barnaby Reach. These project values 

were identified from the original project objectives and also through preliminary outreach with 

project stakeholders. They are described below: 

1. Restoration of natural processes, including functional floodplain dynamics and 

development of off-channel habitat. 

2. Habitat benefits to multiple fish and wildlife species. 

3. Not  increase flooding and/or erosion risks for private property or infrastructure in the 

reach. 

4. Costs of project including long-term maintenance needs. 

5. Retain potential for off-site rearing of hatchery fish. 

6. Maintain or improve recreational access, including hunting, fishing, and bird watching. 

7. Consistency with agency and landowner management goals. 

The Steering Committee also determined that values 1-4 were key values that should be used in 

deciding between alternatives, and that values 5-7 were important values that need to be included 

in the design process once an alternative has been selected.  

3.2 CONCEPTUAL DESIGN ALTERNATIVES 
Based on a review of existing information and the initial hydraulic model runs for existing and 

historic conditions, the Steering Committee identified four restoration alternatives to analyze in the 

this assessment. Alternative 1 focuses on addressing fish passage barriers, Alternatives 2 and 3 

focus on infrastructure removal, and Alternative 4 considers modifications to the mainstem Skagit 

River. The alternatives increase in scale progressively so that each numbered alternative proposes 

to complete all of the work of the lower numbered alternatives along with additional actions. These 

alternatives are described below and are also represented conceptually in Map Set D. Figure 31 

highlights the major activities included in Alternatives 2 through 4, while Map Set D provides 

greater detail for each individual alternative. 
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Figure 31. Conceptual restoration alternatives 2, 3, and 4. 
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1. Restore Fish Passage: Restore fish passage throughout the Barnaby reach, but maintain all 

existing infrastructure in the Barnaby Complex. This alternative is not shown on Figure 31.    

See Map Set D or Figure 23 for fish passage barrier locations. 

2. Restore Barnaby Slough: This alternative goes beyond addressing fish passage barriers by 

attempting to partially restore the floodplain. This would be accomplished primarily 

through the removal of infrastructure within Barnaby Slough. This alternative would 

maintain the existing fishway and infrastructure at Harrison Pond. Alternative 2a is largely 

the same as Alternative 2, but considers armoring and retaining the small rearing pond 

facility located within Barnaby Slough, which would continue to isolate a small portion of 

habitat.  

3. Restore Barnaby Slough and Harrison Pond: This alternative addresses fish passage barriers 

and attempts to further restore the floodplain by removing all dikes and other 

infrastructure associated with both Barnaby Slough and Harrison Pond. This alternative 

essentially strives to erase the anthropogenic footprint within the study area. 

4. Active Restoration of Floodplain Connectivity: This alternative addresses fish passage 

barriers, removes all infrastructure associated with Barnaby Slough and Harrison Pond, and 

actively restores a portion of the Skagit River flow into the Barnaby Complex.  

This study evaluates each of these alternatives based on the project values identified earlier. It does 

so by employing several analytical tools to assess and evaluate how each of the following features 

differ under each alternative: hydraulics and hydrology, geomorphology, flood and erosion risks, 

habitat conditions for fish and wildlife, and costs. In the following sections the results of this 

analysis are described and then combined into a decision matrix that includes the key project 

values. 

3.3 HYDRAULIC ANALYSIS           
Project consultant NSD was tasked to use hydraulic analysis tools to evaluate flow patterns, 

hydraulic parameters, and extent of inundation to characterize current riverine conditions and 

evaluate the effects of the proposed alternatives.   

3.3.1 Approach & Methods 
NSD’s approach to the project was to first complete the existing condition hydraulic analysis to 

inform the understanding of current hydraulic and geomorphic processes within the project area 

and to compare results with proposed condition modeling, completed in future phases, and 

evaluate the effects of proposed restoration elements. The existing hydraulic analysis was 

conducted for a habitat relevant flow and the 2- and 100-year peak flow discharges. All model runs 

were performed in steady state (discharge does not vary with time) with a non-deformable bed (no 

adjustments for scour, sediment transport and deposition).   

Hydraulic models were created representative of existing conditions using the Hydronia’s 

RiverFLO-2D v3 and Aquaveo SMS v11.1 computer software. RiverFLO-2D is a two-dimensional 

finite element computer model that provides depth averaged hydraulic parameters at nodes within 
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a triangular model mesh domain. RiverFLO-2d determines depth averaged hydraulic parameters by 

solving the shallow water equations resulting from integration of the Navier-Stokes equation. The 

Navier-Stokes equation is derived from applying Newton’s Second Law (Force=mass*acceleration) 

to fluid motion and is used to describe the physics of fluid substances from ocean currents, weather 

patterns, and open channel flow. The Navier-Stokes equations are generally expressed as:  

 

 

Where ρ = fluid density 
 μ = dynamic viscosities 
 p = pressure 
     del operator (abbreviation for derivative (gradient)of 3D vector field) 
 f = term representing body forces acting on the fluid (per unit volume) 
 

 

SMS is a GIS based program that creates the triangular model mesh, model input files, and displays 

model results. The following sections provide more in-depth information on specific components of 

our hydraulic analysis, data development, and results. 

3.3.1.1 Model Topography 

Hydraulic models developed for this project utilize a combination of topography data sources that 

include LiDAR, channel bathymetry, and ground survey. LiDAR data used for this project was 

acquired by Terrapoint in 2005. As part of the Illabot Creek Alluvial Fan Restoration project, it was 

determined that portions of the 2005 LiDAR produced elevations higher than actual ground 

elevations. LiDAR elevations were adjusted -0.9-feet (lower) per a comparison with surveyed 

elevations within the project area (Appendix C). Channel bathymetry data used for this project was 

acquired by Wilson Survey and Engineering in April 2013. Surveys were performed via transects of 

the main channel, Barnaby Slough, Harrison Pond, and Bohs Slough using RTK GPS technology and 

a boat mounted echosounder. Channel bathymetry was interpolated in between 31 transects from 

the 2013 survey. Ground survey used for this project was acquired by SRSC staff for features (top of 

bank, toe of slope, infrastructure control elevations) near Barnaby Slough and Harrison Pond, Lucas 

Slough channel thalweg, and SR 530 Bridge over Bohs Slough. To utilize the various data sources in 

the hydraulic analysis, a composite digital terrain model (DTM) was developed in AutoCAD Civil3D 

that merged data sources into one data file. The horizontal and vertical datum of all data utilized 

and referenced in this report is Washington State Plane Coordinates North Zone NAD83/91 feet 

and NAVD 88-feet, respectively. More information on survey methods and data acquisition is 

provided in Appendix C.   
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3.3.1.2 Mesh  

A mesh, AKA “wireframe”, is a key component to any 2D hydraulic model. The model derives one 

depth averaged flow velocity (direction and magnitude) at each node of the 2D (x-y) mesh. To 

predict vertical variations in flow within the water column would require a 3D model. The mesh is 

composed of nodes and elements that are coded with elevation and roughness values needed to run 

the computational routine. RiverFlo-2D utilizes a flexible tri-angular mesh to solve for volume 

conservation and momentum in the x and y directions at each node (representing depth average).  

The model mesh begins approximately 1,000 feet downstream of the SR 530 bridge and extends 

upstream 3 miles to just downstream of the confluence with the Illabot Creek complex. The 

downstream model extent was chosen to isolate the model extents and results from the Sauk River 

and reduce data input and model computation time. Effects from the Sauk River are captured in the 

model domain by using boundary conditions that reflect the influences of the Sauk River on Skagit 

River water surface elevations. The upstream model extent was chosen to coincide with a section of 

floodplain that has relatively uniform flow (ie. no split channels) to increase the reliability and 

accuracy of model results near the upstream boundary. For this project the model mesh utilized 

approximately 400,000 triangular elements and 200,000 nodes. The governing equations are 

applied at each node in an iterative routine until converging on a solution that achieves 

conservation of mass and energy to within an acceptable error. 

To create the model mesh, a map consisting of arcs and regions delineating the channel, floodplain 

features, and material types was developed using Aquaveo’s Surface-water Modeling System (SMS) 

software. Arcs were drawn along significant topographic features (top of bank, bars, side channels, 

roadways) and changes in roughness (forest type, sloughs, logjams, cleared areas). Arcs function as 

breaklines during the mesh creation process to ensure the model mesh is an accurate 

representation of the channel/floodplain topography and to create regions within the map that 

different roughness values can be assigned to. The spacing of nodes along an arc also functions to 

affect the density or refinement of the model mesh. The level of refinement of a model mesh is an 

important consideration during 2D modeling, as a finer (more dense) mesh creates a more accurate 

representation of the channel and floodplain topography, and reduces model instability issues, but 

increases model computation time. For this project, the spacing of nodes along each arc was 

adjusted to increase node density in areas of interest to between 10- and 20-feet (main river 

channel, Barnaby Slough, Harrison Pond, False Lucas Slough, etc.) and reduced in other regions to 

between 50- to 100-feet (outer edge of floodplain, forest regions, etc.). Areas of interest were 

chosen based upon extents of restoration alternatives, areas of concern (Martin Road, Bohs Slough, 

etc), and areas of where additional data were anticipated to increase the reliability and accuracy of 

model results. In this way, the model mesh was optimized to provide detailed information in areas 

of interest while also balanced with reduced computational times to allow more iterations of the 

model to occur. 

3.3.1.3 Roughness 

Hydraulic analyses require an assessment of the resistance (drag force) the ground surface and 

other physical features exert against movement of water. This drag force is commonly referred to 

as roughness. The most accepted method to assess roughness uses the Manning’s n resistance 

factor (Chow, 1959). Common factors that affect roughness values include: channel sediment size, 
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gradation, and shape; channel shape, channel meandering, both bank and floodplain vegetation, 

obstructions to flow, flow depth, and flow rate. 2D hydraulic models explicitly calculate momentum 

losses caused by channel shape, meandering, and floodplain topography not normally accounted for 

in 1D hydraulic models. As such, Manning’s n values in 2D models can be generally lower (up to 

30%) than those normally used for 1D hydraulic models (Hydronia, 2012). Manning’s n values for 

this project were set for different roughness types using GIS mapping provided by SRSC, recent 

aerial photographs and in accordance with standard hydraulic reference manuals (Chow, 1959; 

Barnes, 1967; Hicks and Mason, 1998). Model roughness values for all runs are shown in Table 11 

and were consistent for each restoration alternative and modeled flow.  

Table 11. Model roughness values. 

Roughness types Manning’s n value 

Channel_main 0.022 

Channel_side 0.026 

Channel_slough 0.032 

Gravel bar 0.046 

Gravel bar_vegetated 0.07 

Wetland (all types) 0.07 

Forest (conifer, deciduous, mixed, dead) 0.12 

Forest_clearcut 0.08 

Clearing_pasture 0.05 

Logjam 0.15 

Road_paved 0.016 

Road_gravel 0.035 

 

3.3.1.4 Boundary Conditions 

All hydraulic models require the user to input a known boundary condition at the upstream and 

downstream extents to begin the computational routine. The boundary conditions for each model 

flow run were determined using a variety of data sources as shown in Table 12, below. The 

calibration runs utilized USGS gage records and surveyed WSEL elevations at the time of the survey. 

The habitat runs utilized a flow value provided by SRSC and SCL for this project in combination 

with normal depth water surface elevation at the downstream boundary. The 2- and 100-year flow 

runs utilized both flow values and water surface elevations from the USACE Skagit River Flood 

Damage Reduction study and model. As part of this study, an unsteady HEC-RAS model was 

developed for the entire Skagit River watershed that accounts for flood routing and storage effects 

from major Skagit River tributaries and dams. Flows values for this analysis were taken from the 

regulated existing condition model output at the upstream boundary of the model mesh.  

Downstream water surface elevations for this analysis were taken from the regulated existing 

conditions model output at the downstream boundary of the model mesh (upstream of the Sauk 

River). Using the output data from the USACE study ensures the backwater effects from the Sauk 

River and flood routing from the Upper Skagit River and Cascade River are accounted for in this 

analysis allowing the model extents to focus on the immediate project area.  
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Table 12. Model boundary conditions. 

Flow Event Upstream  
Discharge (cfs) 

Downstream Water 
Surface Elevation 

Source 

Calibration 7,000* 217.75 Survey Data 

Habitat Flow 3,000** Normal Depth  0.015 Survey Data 

2-Year Peak 38,200 226.6 USACE HEC-RAS 

100-Year Peak 94,800 239.7 USACE HEC-RAS 

*Average daily flows for Skagit and Cascade River at time of survey. Flow rates obtained 
from USGS gage records. 
**Flow value obtained through habitat flows analysis by SRSC and SCL and provided to NSD   

 

3.3.2 Historic (1901) Condition Model 
A model scenario representative of the historic channel location with present day land uses was 

completed to inform the understanding of historic hydraulic and geomorphic processes. The 

historic condition scenarios should only be considered an approximate representation of the 1901 

channel location within the project reach (Figure 18) and provide a basis for a relative comparison 

with current conditions. The historic condition hydraulic analysis was conducted for the 2- and 

100-year peak flow discharges. For this evaluation the current mainstem of the Skagit River was 

filled through the historic meander bend cutoff and a mainstem channel was cut through the 

Barnaby Complex. The channel profile of the historic channel was set to match existing grade at the 

up- and downstream locations with periodic pool-riffle sequences at each channel bend and cross-

over, respectively. Roughness values within the upper sub-reach were also modified to represent 

the historic conditions and in accordance with Table 11. It should be noted that the only change 

between the existing and historic condition model scenarios is within the upper reach and Barnaby 

Slough Complex. Since the 1901 channel was cut into the existing conditions mesh, the historic 

condition model takes into account the presence of SR 20 and SR 530, and changes that occurred 

from alignments and elevations, changes related to forest harvest, bank armoring, or any other 

change that has occurred, and other historic disturbances. The results of the historic condition 

model scenarios provide a “maximum” condition case to evaluate the geomorphic and hydraulic 

effects if the main channel were to re-occupy its historic location and also to compare to effects 

from the identified restoration alternatives.  
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3.3.3 Proposed Conditions 
A proposed conditions hydraulic model was developed by modifying the existing conditions model 

to evaluate the hydraulic effects of proposed restoration alternatives. The existing conditions model 

was modified to be representative of proposed conditions by adjusting arc segments, regions, 

roughness, and elevations pertinent to each alternative, as shown in Map Set D. A summary of 

major model changes include: 

 Alternative 1: No change (existing conditions model). 

 Alternative 2: Topography representative of all Barnaby Slough dikes and levees was 

removed to an elevation equivalent to adjacent natural grades. Roughness types for dike 

and levee features were changed to Channel_slough (Table 11). 

 Alternative 3: Topography representative of all Barnaby Slough and Harrison Pond dikes 

and levees was removed to an elevation equivalent to adjacent natural grades. Roughness 

types for dike and levee features were changed to Channel_slough (Table 11).    

 Alternative 4: Topography representative of all Barnaby Slough and Harrison Pond dikes 

and levees was removed to an elevation equivalent to adjacent natural grades. A side 

channel (270-feet wide, 10-feet deep, and 10:1 side slopes, on average) originating from and 

exiting to the Skagit River, a side channel (55-feet wide, 5-feet deep, and 2:1 side slopes) 

originating from Barnaby Slough and exiting into Upper Harrison Slough, and 5 engineered 

logjams (ELJs) (130-feet wide, 10-feet tall) were graded into the model DTM. In addition, 

the main channel was lowered 15-feet, on average, in the vicinity of the 5 ELJs to account for 

the expected response (scour, deposition, thalweg shift) of the channel to the structures.  

Roughness types for alternative features were set to match roughness types listed in Table 

11. 

3.3.4 Results 
Results from the existing and proposed model runs are attached to this report as Map Sets E and F. 

Completed model runs were initially reviewed in SMS to verify accuracy of results and then 

exported to a GIS compatible data file. GIS compatible data files include data for each node and 

hydraulic parameter within the model mesh (water surface, flow depth, flow velocity, shear stress, 

etc.) to facilitate importing into GIS to develop raster grids of the model results. Using the created 

raster grids, the proposed alternatives were then compared to the existing conditions by 

subtracting pertinent raster grids for each alternative, model flow event, and hydraulic parameter 

of interest (depth and velocity). The sections below provide a discussion of the model results. 

A summary comparison of the cumulative inundated acreage for each of the alternative simulations 

is presented below in Figure 32. Note that, in general, Alternative 2 and 3 are not substantially 

different from existing conditions in terms of inundation and floodplain connectivity. The 

Alternative 4 simulation, in contrast, shows a large increase in floodplain connectivity for the 2-

year flood simulation. The inundated acreage simulated for the 100-year flood is nearly identical for 

each of the alternative simulations and not substantially different than existing conditions. 
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Figure 32. Relative changes in flood inundation areas for alternative scenarios considered in the hydraulic analysis. 

 

3.3.5 Existing Conditions 
Model results for existing conditions (EC) show a distinct difference in the 2-year flow inundation 

between the lower half of the project area (sub-reaches B1 and B2) versus the upper half (sub-

reaches B3 and B4). Within sub-reaches B1 and B2, the 2-year peak flow inundates low lying areas 

around False Lucas and Lucas Sloughs, as well as low floodplain north of the river that was 

occupied by historic channels. But in sub-reach B2, only the lower most portion of Barnaby Slough 

is connected by backwater from the river and there is no inflow into the Barnaby Complex from the 

river. The 100-year peak flow inundates most of the valley, extending from the northern margin of 

the valley hillslope to terrace areas 1,500 feet south of Harrison Pond. The 100-year flood is 
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bounded to the west by the SR 530 embankment. To the east, the 100-year flood is conveying flows 

across the lower 2,200 feet of Illabot Creek onto the Skagit floodplain and into old channel scars 

upstream of Harrison Pond. Only very small areas of high ground on the river’s left bank in sub-

reach 4 remain above the 100-year flood. Almost all of Martin Road lies within the 100-year flood, 

which inundates all but the southern 20% of the road (~1,900 feet). 

3.3.5.1 Habitat flow (3,000 cfs) 

The EC model results for the habitat flow indicate that Skagit River flows do not engage with the 

majority of the habitat features within the project area during low flow periods. Flow for this run is 

primarily contained to the main channel with side channel habitat area activated near RM 71.3 

along the left bank, the main channel inlet to Lucas Slough near RM 69.8, Bohs Slough near RM 68.5, 

and a prominent left bank bar channel near RM 68.3. Flow depths and velocities range between 2- 

to 4-feet and 6- to 10-feet/second (feet/s) in riffle areas and 16- to 20-feet and 1- to 2-feet/s in 

pools. While model results do not indicate Skagit River flows are engaged with habitat features 

(Barnaby Slough, Harrison Pond, Lucas Slough, etc.), these features are expected to be wet from a 

combination of groundwater flows and tributary channels that flow into the project area.  

3.3.5.2 2-year flow (38,200 cfs) 

The EC model results for the 2-year flow show a marked difference in floodplain dynamics and 

hydraulics between the lower and upper project reach. In the lower reach (below RM 69.5) the 2-

year flow inundates a good portion of the floodplain along the left bank. Habitat features inundated 

include Lucas Slough and a small portion of False Lucas Slough. Martin Road is overtopped by 

approximately 1- to 2-feet of flow with some flow even overtopping SR 530. It is also important to 

note that private property and residences along Martin Road are within the 2-year floodplain. The 

frequency of inundation for these parcels suggests they are good candidates for conservation using 

FEMA or other flood property buy-out programs. In the upper reach (above RM 69.5) the 2-year 

flow is primarily constrained to the main channel with the lower Barnaby Slough outlet up to the 

outer dike connected with the Skagit River flows. The degree of disconnection within the upper 

reach suggests the channel has incised in this area following the cutoff of the historic channel bend 

location through the Barnaby Complex (Figure 33). Other contributing factors to channel incision 

may include the historic removal of large wood from the river channel, reduced sediment supply 

and peak flows from the Upper Skagit dams, and channelization/armoring of the river channel 

associated with SR 20. Flow depths and velocities range between 14- to 30-feet and 8- to 16-

feet/second (feet/s) within the project area.  
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Figure 33. Cross section of floodplain in upper reach illustrating lack of floodplain 

connectivity within sub-reach B3 during the 2-year peak flow. 

 

 

3.3.5.3 100-year flow (94,800 cfs) 

The EC model results for the 100-year flow also show differences between hydraulic conditions in 

the upper and lower reach. A primary reason for differences in the 100-year hydraulics within the 

upper and lower sub-reach is related to backwater effects caused by the SR 530 bridge and 

roadway embankment. Backwater effects from these features extend up to approximately RM70.0 

(Figure 34). Flow velocities in the backwater region are actually lower in the 100-year flow than in 

the 2-year flow results.  The 100-year inundation area extends generally across the entire valley 

width (7,500 feet) with all habitat features experiencing significant flow depths (>10-feet) (Figure 

35 and Map Set E). Private property and residences along Martin Road and east of Barnaby Slough 

along Martin Ranch Road are well within the 100-year floodplain. The degree of inundation depth 

(2- to 10-feet) suggests these parcels are good candidates for conservation using FEMA or other 

flood property buy-out programs. Flow depths and velocities range between 12- to 30-feet and 2- to 

14-feet/second (feet/s) within the main channel and 2- to 12-feet and 1- to 5-feet/s in the south 

floodplain and project area. 
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Figure 34. Channel profile for existing conditions illustrating the difference in hydraulic conditions between the 

upper and lower reaches. During the 100-year peak flow SR 530 clearly results in a backwater effect that extends 

about 8,000 feet upstream and raising water elevations an additional 4-5 feet in the Martin Road area. The backwater 

effect is also reflected in the velocity profile. 100-year flow velocities in the upper half of the project area average 

about 11 feet/s opposed to velocities in the lower half of 4 feet/s. There is no significant backwater for the 2-year 

peak flows or less, which is also reflected in velocity profiles that show no significant change through the project 

area. 
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Figure 35. Existing conditions channel profile through the Barnaby Complex illustrating overtopping of outer dikes 

during the 100-year flow. 

 

3.3.6 Historic (1901) Conditions 
Our model simulation representative of historic conditions (HC) (approximating the 1901 

mainstem channel planform) reveal a dramatically different pattern of inundation for low and 

moderate flows but negligible differences during the 100-year flow within sub-reaches B1-B3. The 

100-year flow does increase water elevations in sub-reach B4 that likely extend further upstream 

and could adversely impact SR 20. Since this scenario is not being considered, further modeling 

work is not anticipated in future phases of this feasibility analysis. The model does not reconstruct 

the entire reach as it existed circa 1901, only the mainstem river within the Barnaby channel, so 

results still include the effects of existing conditions, including the backwater effect of SR 530. 

3.3.6.1 2-year flow (38,200 cfs) 

HC results for the 2-year flow show no significant difference (+/- 0.5-feet) in water elevations 

within the lowest sub-reach B1 with increases in water elevations in sub-reach B2, B3, and B4.  

Effects from the HC scenario increase in magnitude in an upstream direction from sub-reach B2 

with changes in water surface elevations extending upstream of the mesh boundary. The most 

significant increase in floodplain inundation occurs within sub-reach B3 with flow depth increases 

exceeding 8-feet within the Barnaby Complex. Increases in water surface elevations within sub-

reach B3 also have a downstream effect on sub-reach B2 by activating the channel networks within 
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Lucas Slough and False Lucas Slough and increasing the amount flow conveyed within the south 

floodplain. HC results also show a reduction in mainstem velocities downstream of the confluence 

of the Barnaby channel with the current main channel ranging from 0.5- to 2-ft/s. Reduction in 

velocity can be mainly attributed to the reduction in channel slope by almost doubling the channel 

length within sub-reach B3. Reductions in mainstem velocities would be expected to slow channel 

migration rates and erosion with the project area which also has the corollary effect of increasing 

flow depths as velocity head (velocity2/2g) is converted to pressure head (pressure/) or flow 

depth. 

3.3.6.2 100-year flow (94,800 cfs) 

Routing the 100-year peak flow through the project site under the historic condition scenario 

results in no discernible difference in water elevations within the lower half (sub-reaches B1 and 

B2). The most significant increase in flooding occurs in sub-reach B3 and diminishing upstream.  

Depths in portions of the Barnaby channel increase over 8 feet. Depths in the mainstem channel 

within sub-reach B3, downstream of where it is diverted into the Barnaby channel, decrease by 4-8 

feet compared to existing conditions. But upstream of the diversion in sub-reach B4, flow depth 

increases to the upstream boundary of the model, with depths about 2 feet greater 2,000 feet 

upstream of the flow split into Barnaby. Extrapolating these results we could expect the historic 

simulation to raise water elevations about a mile upstream (RM 72). This scenario is not compatible 

with the current configuration of SR 20, which is already subject to inundation in events exceeding 

the 10-year peak flow recurrence. Thus any consideration of restoring river flow into the Barnaby 

channel would require maintaining some conveyance in the current mainstem through sub-reach 

B3.   

3.3.7 Proposed Conditions 
Model results for each alternative and flow scenario are described in detail below. The hydraulic 

effects of each alternative are similar in magnitude to the scale of each alternative considered with 

a few exceptions. 

3.3.8 Alternative 2  

3.3.8.1 2-year flow (38,200 cfs) 

2-year results for this alternative show increases in inundation area within the Barnaby Slough 

related to the removal of the dike and levee network. Flow depths and velocities are between 2- and 

8-feet and less than 0.5-feet/s within the Barnaby Slough area. The extent of inundation at the 

upstream portion of Barnaby Slough is likely terminated by artificially high ground due to a lack of 

channel bathymetry north of the upstream outer dike. For this alternative, Barnaby Slough 

functions primarily as a backwater region without significant velocities to convey sediment. Lack of 

significant velocities during frequent and lower magnitude flood events is expected to induce fine 

sediment deposition as sediment laden water from the main channel inundates the slough over 

time.     
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3.3.8.2 100-year flow (94,800 cfs) 

100-year results for this alternative exhibit some local changes for depth and velocity in the 

immediate vicinity of the dike/levee removal areas with very little reach effects. Increases in flow 

depths generally occur at the immediate location of dike/levee removals with increases and 

decreases in velocities upstream and downstream, respectively, due to the absence of backwater 

and subsequent flow acceleration over dike/levee features. The lack of reach scale effects from this 

alternative is primarily related to the extent of overtopping and inundation within the project area 

during existing conditions 100-year peak flow.    

3.3.9 Alternative 3  

3.3.9.1 2-year flow (38,200 cfs) 

2-year results for this alternative are virtually identical to the results from Alternative 2 and show 

increases in inundation area within Barnaby Slough related to the removal of the dike and levee 

network. The lack of differences in the hydraulic model results between Alternative 2 and 3 is 

primarily related to the higher elevation of Harrison Pond to Barnaby Slough and the Skagit River 

(Figure 36). Flow depths and velocities are between 2- and 8-feet and less than 0.5-feet/s within 

the Barnaby Slough area. The extent of inundation at the upstream portion of Barnaby Slough is 

likely terminated by artificially high ground due to a lack of channel bathymetry north of the 

upstream outer dike. For this alternative, Barnaby Slough functions primarily as a backwater region 

without significant velocities to convey sediment. Lack of significant velocities during frequent and 

lower magnitude flood events is expected to induce fine sediment deposition as sediment laden 

water from the main channel inundates the slough over time. 
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Figure 36. Cross section through the Skagit River, Barnaby Slough, and Harrison Pond illustrating the elevation 

difference between project features. 

 

3.3.9.2 100-year flow (94,800 cfs) 

100-year results for this alternative are virtually identical to the results from Alternative 2 and 

exhibit some local changes for depth and velocity in the immediate vicinity of the dike/levee 

removal areas with very little reach effects. Increases in flow depths generally occur at the 

immediate location of dike/levee removals with increases and decreases in velocities upstream and 

downstream, respectively, due to the absence of backwater and subsequent flow acceleration over 

dike/levee features. The lack of reach scale effects from this alternative is primarily related to the 

extent of overtopping and inundation within the project area during existing conditions 100-year 

peak flow. 

3.3.10 Alternative 4  

3.3.10.1 Habitat flow (3,000 cfs) 

Habitat flow results for Alternative 4 show a dramatic increase in inundated area within the 

Barnaby Slough regions during low flow conditions. Flow distribution between the main channel 
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and reconnected Barnaby side channel is 2,880- and 120-cfs (4% split flow into the Barnaby side 

channel). Flow depths and velocities are between 0.5- and 5-feet and 0.3- and 3-feet/s within 

Barnaby Slough. The excavated inlet to Harrison Pond is not actively connected to the Barnaby 

channel during the habitat flow evaluated but is expected be actively connected during a significant 

portion of the annual hydrograph. There is also the potential that as the Barnaby Slough channel 

responds to peak flows and evolves over time that channel migration southward would create an 

active connection with Harrison Pond. If a more immediate connection is desired, future 

modifications to this alternative could consider lowering the elevation of the inlet connection. 

3.3.10.2 2-year flow (38,200 cfs) 

2-year results for this alternative show dramatic increases in inundated area within the Barnaby 

Slough, Harrison Pond, and Lucas Slough regions. Flow distribution between the main channel and 

the reconnected Barnaby side channel is 27,120- and 11,080-cfs (29% split flow into the Barnaby 

side channel). Flow depths and velocities are between 4- and 12-feet and 4- and 8-feet/s within 

Barnaby Slough. Flow depths and velocities of this magnitude are expected to convey fine sediment 

through the side channel and induce geomorphic response that will create more habitat area and 

complexity over time. Flow depths and velocities are between 2- and 4-feet and less than 0.5-feet/s 

within Harrison Pond. Lack of significant velocities during frequent and lower magnitude flood 

events is expected to induce fine sediment deposition as sediment laden water from the main 

channel and Barnaby Slough inundates Harrison Pond over time. Similar to Alternative 3, hydraulic 

differences between Barnaby and Harrison Pond can be primarily attributed to differences in 

elevation between the features. 

2-year results for this alternative also show changes within the main channel upstream of the 

Barnaby side channel inlet and downstream of the Barnaby channel near Martin Road. Upstream of 

the Barnaby side channel inlet and ELJs, hydraulic results indicate approximately a 1-feet increase 

in water surfaces and up to a 2-feet/s decrease in velocities due the reduce channel area and 

increase roughness related from the mainstem ELJs which cause a backwater effect to propagate 

upstream. Downstream of the Barnaby outlet, hydraulic results indicate an approximate 1-feet 

increase in water surfaces and up to a 2-feet/s decrease in velocities due to reduction in the reach 

hydraulic gradient, increased flow inundation of the south floodplain (where more energy losses 

occur due in higher roughness values), and increased energy losses caused by mainstem ELJs and 

routing of flow through the Barnaby channel. Reductions in mainstem velocities are expected to 

slow channel migration rates and erosion within the project area which also has the corollary effect 

of increasing flow depths as velocity head (velocity2/2g) is converted to pressure head (pressure/) 

or flow depth.  

3.3.10.3 100-year flow (94,800 cfs) 

100-year results for this alternative show no significant difference (+/- 0.5-feet) in water elevations 

within the lowest sub-reaches B1 and with minor increases in water elevations in sub-reach B3 and 

B4. Increases in water elevations are primarily exhibited within the Barnaby channel and main 

channel near the inlet and outlet of the Barnaby channel. The extent of the water surface increases 

within the main channel range between 0.5- to 2-feet, extend upstream of the model boundary, and 

can be attributed to the backwater effects caused by the mainstem ELJs. In addition to water 
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surface elevation effects, model results also show a decrease in main channel velocities ranging 

between -0.5- to -4-ft/s similar to reductions in mainstem velocities exhibited by the Alternative 4 

2-year hydraulic results. To limit any adverse flooding effects to private property and SR 20 during 

the 100-year flow, a future alternative could consider adjustments in main channel ELJs and the 

Barnaby channel inlet to reduce the amount of backwater caused during the 100-year peak flow. 

3.4 ANTICIPATED GEOMORPHIC RESPONSE      
To best understand potential geomorphic response it is important to review the historic 

characteristics of the project reach. Prior to the period of widespread logging, dam construction, 

and channel modification, the Skagit River migrated across its valley within the project area and 

was characterized by an unconfined meandering-anabranching channel system (Figure 17). The 

alluvial valley is roughly 1.8 miles in width with a floodplain about 1.3 miles in width. The 

mainstem channel had meander wavelengths of 6,000-8,000 feet and wave heights of 1,500-3,500 

feet. The floodplain was dissected by numerous perennial and ephemeral side channels and 

tributaries, and would have certainly included abundant off-channel and wetland habitats.  

NSD evaluated results of the hydraulic analysis to describe the anticipated geomorphic response to 

design alternatives. The objective of this evaluation is to identify areas that are likely to experience 

erosion or deposition in response to the proposed project actions. The anticipated channel 

response can then be utilized to forecast changes in river channel morphology and aid in evaluating 

potential benefits and impacts for the project reach. 

3.4.1 Methods and Data 
Results from hydraulic model simulations were processed in GIS to evaluate patterns of inundation, 

velocity, and shear stress. The 2-year recurrence interval flow was selected to represent a moderate 

magnitude flow with sufficient competence to initiate geomorphic changes such as bank erosion or 

bar formation in the project reach. Distributions of basal shear stress from the model simulations 

were compared to the critical shear stress for unconsolidated materials to map patterns of potential 

sediment mobility and then compared to empirical measures of recent bank erosion (Figure 37).  

Results of the shear stress and sediment mobility evaluation are presented as Map Set F. Using 

predictions for each alternative and comparing to existing conditions predictions at areas 

experiencing bank erosion were then used to evaluate channel response (Figure 41). Areas of 

potential sediment mobility were evaluated within the context of the existing patterns of channel 

migration (discussed above), the distribution of vegetation on the floodplain, and potential sources 

of wood recruitment to describe future changes in river morphology under the range of proposed 

alternatives. Unique areas where changes in the mainstem and floodplain channels occurred were 

identified and described in Map Set G. Trends were forecasted 10 to 15 years into the future to give 

an estimate of near-term channel adjustments in addition to longer term forecasts at the decadal 

scale. Longer term forecasts of anticipated geomorphic response have less certainty than the near-

term predictions. 

Evaluation of the anticipated channel response was then used to project anticipated changes in 

aquatic habitats for a future condition representing 10-15 years following construction. SRSC 

prepared maps of habitat areas using output from hydraulic model simulations and interpretation 
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of aerial imagery to compare design alternatives (Map Set H). NSD edited the GIS data of habitat 

areas to reflect anticipated changes that would develop by restoration of a more dynamic channel 

system under the Alternative 4 scenario.  

 

 

Figure 37. Close up of basal shear stress output (Map Set F) from RiverFlo2D simulation of existing conditions 

during 2-year flood flow (32,800 cfs) highlighting areas of current bank erosion (dashed line boxes). Erosion rates 

into the left bank at RM 69.3 (upper most box) averaged about 50 feet/year from 2003 to 2013 where predicted shear 

stresses along the shoreline could mobilize large cobble and the native banks are comprised of small cobble to sand.  

Similar shear stresses are predicted along the right bank at RM 69.1 where erosion rates averaged 31 feet/year over 

the same period. Lower shear stress values (capable of only moving coarse gravel) are predicted along the left bank 

of the Martin Road meander (RM 68.7, downstream box), but erosion rates averaged over 40 feet/year. 
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3.4.2 Alternative 1 and the “No-Action” Alternative 
Restoration of fish passage to habitat areas in the Barnaby Complex (Alternative 1) is not 

anticipated to affect hydraulic or geomorphic processes in the mainstem channel of the project 

reach. As such, the anticipated geomorphic response under the Alternative 1 scenario is equivalent 

to a “no-action” alternative based on existing conditions. Geomorphic trends from the historical 

record of maps and imagery is described above in this report. Key areas of anticipated geomorphic 

response in the near term period under both Alternative 1 and the “no-action” alternative are 

illustrated in Figure 38. 

Recent geomorphic adjustments in the project reach have generally been trending toward further 

straightening and simplification of the mainstem channel upstream of RM 69.5. Given the presence 

of riprap lining the north side of the active channel upstream of the Barnaby Complex and the 

absence of large logjams to create perturbations in hydraulic patterns and redirect flow, we expect 

the channel will maintain a relatively straight alignment through the sub-reach adjacent to the 

Barnaby Complex over the near term period.  

Continuation of recent trends in the sub-reach downstream of the Barnaby Complex (sub-reach B2) 

would likely result in further staightening of the mainstem channel. Downstream migration along 

the left bank near RM 69. 3 could proceed to erode all of the forested floodplain and create a cutoff 

that would likely reset the approach to sub-reach B1 and accelerate erosion downstream along the 

right bank at RM 69. The cutoff would abandon the meander on the north side of the valley from RM 

69.2 to 69.3 and expand the area of backwater habitat in sub-reach B2 in the near term. Over time, 

sedimentation is anticipated within the the low-lying backwater areas in sub-reach B2 with 

decreasing availability of accessible habitat. 

Ongoing channel migration within sub-reach B1 is anticipated to continue over the near term 

period and presents a significant risk to existing infrastructure, particularly Martin Road. Based on 

the recent trend of the river’s south-southwest migration at RM 68.7, 450 feet since 2003 

(approximately 45 feet/year), the bank will reach Martin Road within less than 5 years. Continued 

downstream migration at RM 69 (right bank) combined with further extension of the meander at 

RM 68.7 (left bank at Martin Road) could set up conditions for a cut-off channel or avulsion across 

the inside bend between RM 68.5 and 69. There is also potential for future avulsion along the 

existing alignment of Bohs Slough. At present, flow into the slough is moderated by a log jam 

(Figure 16) which obstructs a substantial part of the cross-section. Future erosion upstream of the 

inlet could position the river channel west or downstream of the logjam, which could then send 

much more flow down the slough. Given the small crossing for Bohs Slough, if there is a major 

increase in flow it is likely the crossing will plug with wood and the river would flow north along 

the SR 530 embankment to the mainstem bridge crossing. This scenario would certainly pose a risk 

to SR 530. Presently Bohs Slough provides excellent perennial habitat. The channel has high wood 

loading and a wide range of substrate, depth and velocities that provide both spawning and rearing 

habitat. If the mainstem channel migrates into the slough it would put this habitat at risk. In 

summary, channel migration within this sub-reach will present potential risks to Martin Road and 

SR 530 regardless of restoration actions. 
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Figure 38. Sketch map illustrating anticipated geomorphic changes under Alternatives 1 - 3. The dark red line 

shows the proposed channel alignment following construction and the lighter colored lines show the anticipated 

post-project channel migration and evolution. Note that uncertainty in channel position increases with time (lighter 

colored lines have less certainty in future channel position).  

 

3.4.3 Alternative 2 
Restoration of Barnaby Slough by removal of dikes and infrastructure will create a backwater area 

that is connected with the mainstem channel on the downstream end during low to moderate flood 

discharges. No changes are anticipated as part of this alternative that would increase connectivity 

to the slough at the upstream end of the reach. As such, Alternative 2 is anticipated to have little 

impact on geomorphic processes such as channel migration, sediment transport, or wood 

recruitment in the project reach. The reach-scale anticipated geomorphic response is similar to that 

described for Alternative 1 and the “no-action” alternative above (Figure 38). 

The primary difference between the anticipated geomorphic response for Alternative 2, and that 

described above for Alternative 1 and the “no-action” alternative is that under Alternative 2, we 

expect accelerated sedimentation in Barnaby Slough compared to recent trends due to the 

increased connectivity with flow from the mainstem. Observations of past change from the historic 

imagery can inform estimates of anticipated geomorphic response in the reconnected backwater 

area of Barnaby Slough. The 1956 image shows reach conditions prior to construction of the 

hatchery facilities at the Barnaby Complex (Map Set B). The slough channel can be seen to be 

inundated as a backwater area at that time despite being cut off from the mainstem channel over 40 

years previous. Two examples of more recently formed backwater areas include the floodplain 

areas between Barnaby Slough and the mainstem channel (active channel cut off after 1915 survey) 
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and downstream area on the north side of the valley which has been aggrading since being cut off in 

the 1970s. In both areas, sedimentation occurred rapidly adjacent to the channel and declined with 

lateral distance from the sediment source. Low-lying areas have persisted in the more distant areas 

of the cut off meanders. Based on observations of historic changes in other backwater areas in the 

reach, we expect accumulation of fine grained sediment to aggrade Barnaby Slough over time but 

anticipate only minor changes in the slough over the near term period. Beaver activity within the 

slough will be an important control on localized water levels in the reconnected backwater areas 

but not a substantial factor in the long term geomorphic response to proposed project actions. 

3.4.4 Alternative 3 
Hydraulic model results from the simulation of Alternative 3 (full restoration of the Barnaby 

Complex including both Barnaby Slough and Harrison Pond) were nearly identical to the simulation 

of Alternative 2. The anticipated geomorphic response is similarly expected to match that of 

Alternative 2 described above (Figure 38).  

Similar to Alternative 2, beaver activity will have an important control on water levels in the 

reconnected backwater areas of Harrison Pond and Upper Harrison Slough under Alternative 3.  

The initial removal of infrastructure will lower water levels in the pond and decrease the area of 

backwater habitat. Following the removal of dikes and infrastructure, beaver activity could 

potentially replace the existing dam and result in future increases in backwater habitats following 

the initial decrease post-construction. 

3.4.5 Alternative 4 
The proposed alternative to restore the Barnaby Complex and reconnect river flows at the 

upstream end of Barnaby Slough will have substantial effects on hydraulic and geomorphic 

conditions in the reach and most closely approximates the channel morphology of the project reach 

prior to human impacts in the early historical period. By restoring mainstem channel flow into the 

Barnaby channel as portrayed in Alternative 4, we believe much of this complex habitat will be 

recreated, as well as restoring channel dynamics that allow the site to evolve over time. Because of 

the altered flow and sediment regime imposed by the upstream dams and the energy losses 

resulting creating an anabranching sub-reach, we believe the rate of channel change will be 

substantially reduced when compared to the undisturbed historic conditions. Channel migration 

will continue in the lower half of the project area, possibly at a slightly reduced rate due to the 

restoration actions. Channel migration within the Barnaby channel will be relatively minor, though 

there will be notable deformation of the channel, particularly the downstream portion. Wood 

recruitment and deposition within the Barnaby channel will add physical complexity to the channel, 

similar to how the ELJs will create a much more complex segment of mainstem channel within the 

Barnaby sub-reach (B3). A much more complex bed texture will develop in both the mainstem 

channel, the Barnaby channel and the side channels resulting in more spawning and refugia habitat 

than currently found in the system. 

Key areas anticipated to experience significant geomorphic response under the Alternative 4 

scenario are highlighted (Figure 39). Mainstem areas within the existing channel adjacent to the 

Barnaby Slough (sub-reach B3) will develop a more complex morphology in response to placement 
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of ELJs. Each structure is expected to deflect flow during base flow periods and obstruct 

approximately 30% of the cross-sectional area during moderate flood discharges (e.g., 1- to 2-year 

flood). Localized scour in areas around the ELJs will form new pools. Alterations to flow hydraulics 

will result in areas of flow separation and new bars can be expected to develop over time. 

Anticipated geomorphic channel changes in the 10-15 year period following project construction 

are presented as a sketch in Figure 40. 

At the inlet to Barnaby Slough, the post-project hydraulic conditions are conducive to erosion along 

the right bank that could trigger geomorphic changes over a relatively short period. As the bank 

erodes and channel widens, it is possible that the bank would stabilize with decreasing shear 

stresses and that the river will maintain a planform alignment with flow split between the existing 

mainstem and the reconnected Barnaby Slough. It is also possible, however, that erosion along the 

right bank near the inlet to Barnaby Slough could trigger an avulsion that either does an end-run 

around the deflector ELJ at the inlet or else avulses into the low-lying areas (backwaters) between 

Barnaby Slough and the existing mainstem channel downstream of the proposed inlet. In such a 

case, the potential future conditions could include: 

1. The avulsion cuts off Barnaby Slough and the inlet to Barnaby silts in (connection with 

existing mainstem is maintained), 

2. The inlet to Barnaby Slough is maintained by sufficient flow and a multi-channel system 

persists, or 

3. The avulsion grows and becomes the new mainstem channel (connections to both Barnaby 

Slough and the existing mainstem channel silt in). 

Given the relatively large range of uncertainty in the anticipated response to reconnecting Barnaby 

Slough, we recommend that designs for this alternative include construction of a complex timber 

revetment to partition shear stress and stabilize the inlet to the disconnected meander at Barnaby 

Slough. Stabilizing the bank at this location could be necessary to direct the stream energy away 

from the artificial and geologic controls which limit migration on the north side of the valley and 

deflect the stream toward the center of the valley in order to restore channel dynamics and 

increase the availability and quality of habitats in the reach.  

Simulated hydraulic conditions for the Alternative 4 scenario show relatively low potential for 

sediment mobility in the reconnected channel segment downstream of the inlet (Figure 41). As such 

we anticipate only minor bank erosion along the outside of bends within this channel segment for 

the prediction of near-term conditions. Within the floodplain areas adjacent to the reconnected 

channel segments, additional flow is anticipated to trigger localized scour forming new side 

channels that branch away from, and reconnect to, the primary slough channel. The existing side 

channel areas such as Lucas Slough are expected to respond to increases in flow with small changes 

in morphology that increase complexity due to recruitment of riparian trees. These side channels 

may initially widen slightly; however, given the size of riparian trees and the magnitude of flow 

anticipated in these side channels, we expect that wood recruited during initial channel widening is 
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likely to remain in place along the bank, thus increasing roughness, partitioning shear stress, and 

providing a negative feedback to limit further bank erosion and channel widening. 

 

Figure 39. General response area descriptions for Alternative 4 within the Barnaby Project area. A copy of this 

figure with annotations is included in Map Set G. 
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Figure 40. Sketch map illustrating anticipated geomorphic changes under Alternative 4. The dark red line 

shows the proposed channel alignment following construction and the lighter colored lines show the anticipated 

post-project channel migration and evolution. Note that uncertainty in channel position increases with time (lighter 

colored lines have less certainty in future channel position). 
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Figure 41. Close up of basal shear stress output (Map Set F) from RiverFlo2D simulation of Alternative 4 during 

two-year flood flow (32,800 cfs) highlighting areas of bank erosion (dashed line boxes) in sub-reach B3. Model 

predictions clearly show significantly lower shear stress values and gradients in the Barnaby channel then the 

mainstem in sub-reaches B1 and B2 (Figure 37). The highest values (capable of moving coarse gravel) occur in the 

upper and lower segments of the Barnaby channel, areas we would expect to see the most channel response. Some 

bank erosion is likely near the meander apex, as noted in the figure. West of the Barnaby channel localized areas of 

higher shear stress indicate that smaller side channels will likely become better defined as fine sediment is flushed 

out. Comparing output to the Martin Road meander of the mainstem indicates that bank erosion will be less in the 

Barnaby sub-reach (B3) where the two mainstem channels are expected to be relatively stable. 
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Anticipated changes in habitat were mapped to illustrate key developments expected to occur 

within a 10-15 year period following construction (Figure 42). Migration of the bend at Barnaby 

Slough is anticipated to accentuate the meander-scroll topography leaving depressional areas 

connected at the downstream end of the meander as observed in the areas of recent channel 

migration downstream. Opening the inlet connection to Barnaby is anticipated to increase the 

frequency of scouring flows and deepen some of the existing flowpaths thus turning on additional 

side channel and off-channel areas not connected under the as-built condition. Similar activation of 

side channel areas is anticipated in the vicinity of Lucas Slough where hydraulic model outputs 

show overbank flow spilling out of Barnaby Slough and crossing the floodplain in the Alternative 4 

simulation. We anticipate additional development of off-channel habitat in the area of Harrison 

Pond due to beaver activity following removal of the existing dam and fishway at the outlet. The 

projected increase in off-channel habitat is not mapped in Figure 42 but will likely enlarge to a 

similar area as observed in Upper Harrison under existing conditions. 

At the outlet where Barnaby Slough rejoins the mainstem river is a series of meander scrolls dating 

from approximately 1915 which have partially aggraded with overbank sedimentation. A young 

forest has developed within the floodplain area created by channel migration approximately 100 

years ago. We anticipate that the flow deflected into Barnaby Slough under the Alternative 4 

scenario will likely trigger widening of the outlet channel where historical deposition has occurred.  

Widening will result in additional wood recruitment (approximately 20-40 trees ranging between 

80 and 130 feet in height) that could potentially rack up on downstream obstructions. Scour of the 

historical sediment within the outlet to Barnaby Slough will also be anticipated to trigger bar 

development along the inside bend of the meander downstream (point E in Figure 40).  

Alteration of the flow hydraulics under the Alternative 4 scenario will likely increase channel 

dynamics and complexity in the reach immediately downstream of Barnaby Slough. Discharge from 

the reconnected meander in Barnaby Slough will set up conditions favorable to erosion along the 

right bank immediately downstream of the outlet. As the bank erodes, and the point bar along the 

left bank continues to develop, channel migration will continue in a northwestern direction 

maintaining a sinuous channel pattern in sub-reach B2. 

Channel dynamics in the lower segment of the project reach (sub-reach B1) are not likely to vary 

substantially from the current trend and the anticipated response described above under 

Alternative 1. The risks to existing infrastructure such as Martin Road and SR 530 are not 

anticipated to increase under Alternative 4. If anything, the rate of channel migration and likelihood 

of infrastructure damage is slightly reduced under Alternative 4 given the increased sinuosity and 

channel adjustment in the upstream segment (sub-reach B2) and potential for attenuating flood 

peaks by redirecting flow into a broader area of the floodplain under moderate magnitude floods. 
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Figure 42. Map highlighting areas anticipated changes in habitat projecting a future condition 10-15 years after 

construction for the Alternative 4 scenario. Note that changes in the downstream segments of the reach near Martin 

Road and SR 530 are not triggered by project actions but rather show anticipated changes equal to the “no-action” 

alternative (see Figure 38). 
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3.5 RISK ASSESSMENT            
Risk is evaluated based on the probability that some event will occur, and the adverse 

consequences that will a result, in response to selection of any one of the restoration alternatives 

being considered in this study. An event can be described as having a low-risk if it is unlikely to 

occur, have little consequence, or both. Risk is divided into two basic categories:  

1. Risk to habitat. 

2. Risk to infrastructure, property and public use. 

3.5.1 Risk to Habitat  

3.5.1.1 Construction impacts 

Project goals focus on restoration of habitat-forming processes in the project reach that will restore 

and sustain habitat conditions for fish and wildlife populations; however, the construction actions 

necessary for restoration may result in short-term adverse impacts such as dewatering and 

vegetation clearing. Alternative 1 will have little impact as fish passage modifications can be 

constructed with minimal ground disturbance using existing roads for access. Alternatives 2 and 3 

will have localized impacts on habitat conditions related to earthwork in removing the existing 

dikes and infrastructure. Alternative 4 involves substantial earth moving activities and construction 

of large ELJs in the mainstem channel that will have the greatest short term impacts on habitat 

conditions during construction, but are not expected to result in long term risks to restoring and 

sustaining habitat conditions post construction.   

3.5.1.2 Fish Passage 

The conceptual design for Alternative 1 retains the existing infrastructure in the Barnaby Complex 

and will continue to impact habitat conditions in the project reach. Given the existing infrastructure 

is not compatible with natural processes, it will have to be maintained to function as designed or 

eventually fail if not maintained, which will result in a loss of off-channel habitat utilization. Project 

actions under Alternative 1 include restoration of fish passage at the existing infrastructure; 

however, there remains a potential risk that fish passage becomes impaired due to blockage, 

underlying the need for regular maintenance into perpetuity. Or alternatively, maintained 

infrastructure runs the risk of complete failure under large scale flood events, in which case failed 

structures can once again become impediments to passage and/or process. Alternative 2 will 

remove all infrastructure from Barnaby Slough and thus creates a much more sustainable situation 

and a reduced risk of impaired fish passage relative to Alternative 1; however, the risk to fish 

passage at Harrison Pond remains similar to that described for Alternative 1. There are no concerns 

to fish passage impairments under the Alternative 3 and 4 scenarios as the infrastructure will be 

completely removed.   

3.5.1.3 Habitat Loss/Conversion 

A key concern for consideration is the project impact on the distribution of aquatic habitats. Side 

channels and off-channel areas not only provide critical habitats for juvenile salmonids, but other 

diverse species guilds as well (Beechie et al., 1994; Martens and Connely, 2014). Removal of 

infrastructure within the Barnaby Complex will reduce the area of impounded water in the 
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floodplain. At present, many of these areas are not accessible to fish (both adults and juveniles). It is 

assumed that all the alternatives, other than the “no-action” alternative, will restore fish passage. It 

should be noted that any alternatives leaving infrastructure (Alternatives 1 and 2) will not ensure 

juvenile fish with continued access as well as those alternatives completely removing infrastructure 

and thereby not requiring on-going maintenance. Alternatives that restore the most floodplain flow 

(Alternative 4) also provide the greatest improvement to juvenile fish access. The current 

infrastructure, impounding relict channels like Barnaby and Harrison, create artificially high 

quantities of off-channel habitat, but without good access it is of limited value to anadromous fish.   

Alternatives such as 2 and 3 that remove current impoundments would result in a reduction of off-

channel ponded water habitat. Alternative 4 may result in short term reductions in off-channel 

habitat by removing the control structures impounding water; however, we anticipate that opening 

the inlet connection to Barnaby Slough will increase the frequency of scouring flows and deepen 

some of the existing flow paths in the floodplain; thus activating additional side channel and off-

channel areas not connected under the as-built condition. In addition, the existing beaver 

population will take advantage of increased side channel flows to create natural and sustainable 

impoundments that increase the extent of off-channel habitat over time. Discussion of potential 

changes in habitat distribution is elaborated below in specific sections for fish and wildlife. 

3.5.1.4 Channel Complexity 

Geomorphic trends in the recent historical period have reduced physical complexity of the channel 

segment adjacent to the Barnaby Complex. Riprap bank armoring upstream of Barnaby Slough, 

combined with removal of mature timber from the floodplain forest and de-snagging (channel 

clearing) activities, has increased sediment transport capacity of the project reach and led to a cut 

off that has locked the channel in position along the northern margin of the valley from RM 71 to 

71.2. Downstream meander migration has continued to straighten the channel in the downstream 

segment (sub-reach B2). In the absence of some intervention to create perturbations in flow that 

introduce physical complexity and initiate meander development, habitat forming processes such 

as channel migration and wood recruitment will continue to be severely impaired in the project 

reach, resulting in further declines in aquatic habitat. Project actions under Alternatives 1-3 do not 

address the factors constraining channel dynamics in the reach encompassing the Barnaby 

Complex. As such, the risk to future habitat degradation remains high under these alternatives.  

Alternative 4 utilizes active restoration techniques to obstruct flow with ELJs that increase 

hydraulic variability and deflect flow into an isolated portion of the floodplain; thus yielding 

potential to restart habitat forming processes that will maintain complex channel morphology in 

the reach. Only Alternative 4 will result in a major increase in mainstem and side channel spawning 

habitat, in addition to creating more channel complexity. 

3.5.2 Risk to Infrastructure, Property and Public Use  
Risks associated with each alternative were evaluated using results of the 2D model simulations, 

historic trends, field observations, and professional judgment. The key parameters used to evaluate 

risk were flood inundation and potential channel response. Hydraulic model results were processed 

to quantify summary metrics describing potential changes in flooding and erosion potential in the 

project reach and for upstream/downstream channel segments. For these calculations, the project 
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reach was narrowly defined as the channel segment directly modified by proposed project actions 

and corresponds to the 1 mile segment between RM 70-71. The downstream segment extends an 

additional two miles to the SR 530 bridge. With regards to flood inundation, the entire project site 

lies within the existing 100-year flood zone. Our simulation of historic conditions would suggest a 

significant increase in the 100-year flood elevation upstream of the project. Preliminary model 

simulations for Alternative 4, which splits the flows of the mainstem, results in a relatively small 

increase (1- to 2-feet) in water elevations during the 100-year flood upstream of the site primarily 

within the main channel. Additional hydraulic model simulations are planned to optimize design 

criteria and identify parameters that will minimize changes to flood elevations in channel segments 

upstream and downstream of the project area, and will be evaluated by adjusting the size/number 

of ELJs and the width of the inlet channel at Barnaby Slough. 

The change in area of flood inundation for the 100-year recurrence interval flow is relatively small 

for all of the alternatives considered (Table 13; also see Map Set E). Removal of infrastructure 

within the Barnaby Complex under Alternatives 2 and 3 had a very minor localized influence on the 

water surface elevation that resulted in very small changes to the area of inundation for the project 

reach and a similar magnitude (but opposite) response in the downstream channel segment. 

Table 13. Summary of flood inundation and relative changes associated with the 100-year recurrence interval flood 

simulation under the conceptual design alternatives. A positive value noted as a relative change corresponds to an 

increase in inundation area. 

 Existing Condition 
100-year Inundation (acres) 

Relative Change (acres) 

ALT 2 ALT 3 ALT 4 

Downstream (RM 68-70) 1346.5 4.3 1.3 6.5 

Project Area (RM 70-71) 556.4 -1.9 -3.0 7.7 

Upstream (RM 71-71.4) 255.4 N/A* N/A* N/A* 

Total 2158.3 2.4 -1.7 14.2 
* Initial results affected by the boundary conditions assigned to the model.  
   Upstream flood impacts to be quantified in additional modeling phase to be developed. 

 

The change in area of flood inundation for the 2-year recurrence interval flow has a much broader 

range of variability between the conceptual design alternatives (Table 14). Note that model 

simulations reflect only flows coming from the mainstem Skagit River and do not account for areas 

inundated by tributary or groundwater sources. As such, the Barnaby Complex is not included in 

the area of inundation for existing conditions simulations because they are disconnected from the 

mainstem channel. Alternatives 2 and 3 open up approximately 26 acres of floodplain connectivity 

in the project area at the 2-year recurrence interval flow and have a small reduction in floodplain 

inundation downstream for this moderate magnitude event. Alternative 4 connects an additional 

254 acres of floodplain in the project area for the 2-year flow. Note that flood inundation within the 

project reach is contained within property managed for conservation and such inundation has no 

increase in risk as there is no consequence to flooding in these areas. The downstream changes in 

flood inundation under Alternative 4 increase flooding over an additional 134 acres for the 2-year 

flow. Much of this property, similar to the project reach, is managed for conservation and not a 
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concern from a risk perspective. There is a portion of the 134 acres, however, that is privately 

owned in the vicinity of Martin Road and susceptible to flooding under existing conditions.  

Table 14. Summary of flood inundation and relative changes associated with the 2-year recurrence interval flood 

simulation under the conceptual design alternatives. A positive value noted as a relative change corresponds to an 

increase in inundation area. 

 Existing Condition 
2-year Inundation (acres) 

Relative Change (acres) 

ALT 2 ALT 3 ALT 4 

Downstream (RM 68-70) 738.9 -6.7 -9.0 134.4 

Project Area (RM 70-71) 75.1 26.3 26.8 253.8 

Upstream (RM 71-71.4) 32.4 N/A* N/A* N/A* 

Total 846.3 19.7 17.8 388.2 

* Initial results affected by the boundary conditions assigned to the model.  
   Upstream flood impacts to be quantified in additional modeling phase to be developed. 

 

Changes in basal shear stress were assessed for a sample of point locations along the toe of the 

existing mainstem channel (Table 15). Changes in shear within the project area under Alternative 2 

and Alternative 3 are small and average 1% or less. There are localized areas in the mainstem 

where the shear stress increased as much as 10 percent, however these changes in the project 

reach are not a concern from a risk perspective. Downstream changes in shear under Alternative 2 

and Alternative 3 are very minor and not substantially different than existing conditions. Upstream 

changes in shear include relatively modest increases (4% and 6%, respectively, on average). 

Alternative 4 simulations show the greatest magnitude of change relative to existing conditions and 

on average reduces shear stress along the channel margin within the project area and adjacent 

upstream/downstream reaches. The variability of shear changes substantially within the project 

reach (as noted by large changes in the minimum and maximum values) due to the hydraulic 

changes associated with engineered logjams placed within the channel.  The increase in maximum 

shear for the project reach reflects an increase in channel complexity that is not a concern from a 

risk perspective given that adjacent property is managed for conservation. 
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Table 15. Summary of anticipated changes in basal shear stress along the channel toe for the conceptual design 

alternatives. 

Existing Condition 
Shear (lbs./ft2) 

Relative Change in Shear 

ALT 2 ALT 3 ALT 4 

   Downstream of Project Area (RM 68-70) 

MIN 0.001 1.6% 0.0% 0.0% 

AVG 0.282 1.0% -0.1% -25.5% 

MAX 0.671 2.4% 2.1% -24.3% 

   Project Area (RM 70-71) 

MIN 0.028 0.3% 1.8% -87.3% 

AVG 0.361 1.1% 0.6% -17.5% 

MAX 2.074 10.2% 7.7% 149.3% 

   Upstream of Project Area (RM 71-71.4) 

MIN 0.041 -6.5% -11.4% -100.0% 

AVG 0.536 4.4% 6.2% -19.4% 

MAX 7.589 -1.0% 2.7% -31.3% 

 

3.5.2.1 Infrastructure within the Barnaby Complex 

The dikes and infrastructure surrounding Barnaby Slough and Harrison Pond have ongoing 

concerns regarding maintenance of control structures. The entire complex is inundated by the 100-

year flood under existing conditions. Alternatives 2 and 3 increase frequency of flooding for 

moderate magnitude events; however, the area prone to flood inundation remains the same. There 

are no anticipated impacts to channel changes (erosion or deposition) under Alternatives 1 or 2.  

Although the infrastructure surrounding Harrison Pond remains as part of Alternative 2, removing 

the infrastructure around Barnaby Slough does not result in increased risk of channel migration 

towards Harrison Pond in the near-term. All infrastructure is removed as part of Alternatives 3 and 

4; therefore, there is no risk to infrastructure.  

The one scenario in which risk to infrastructure within the Barnaby Complex may be elevated by 

proposed actions is Alternative 2a which armors the interior dike surrounding the perimeter of the 

small rearing pond facility within Barnaby Slough. Under this scenario, the base level of outer dike 

impoundment will be significantly lower than current conditions. The lower base level may result 

in slope instabilities of the interior dike and groundwater interflow will effect inlet and outlet 

facilities operations. If this alternative is selected as the preferred alternative, a geotechnical and 

facility design evaluation should be performed to ensure the alternative will function as intended.  

3.5.2.2 Martin Ranch Road 

Martin Ranch Road parallels the southern bank of Harrison Pond through the project area and is on 

a terrace elevated just above the elevation of the 100-year flood. Hydraulic model simulations show 

no impacts to flooding that would affect the road under any of the alternatives considered (Map Set 

E). The abandoned channel presently occupied by Harrison Pond becomes more engaged with the 

mainstem as part of Alternative 4 and is part of the channel migration zone for the Skagit River.  
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The Alternative 4 scenario will increase the proportion of flow within the Barnaby Slough channel 

and a small portion of that flow will be deflected into a side channel that connects with Harrison 

Pond. The probability of this occurring under Alternatives 1-3 is extremely low and not significantly 

different from the existing condition. Hydraulic model simulations for Alternative 4 show that the 

flow deflected into Harrison Pond during flood events is not sufficient to entrain sediment and 

trigger channel changes near the road. Should additional flow become diverted in to the connector 

channel under future conditions, the side channel may widen as banks become undercut; however, 

the riparian area is forested in that area and wood recruitment from initial bank erosion will 

provide a negative feedback that will reduce flow through the side channel and maintain the 

primary flowpath down Barnaby Slough (Figure 39). As such, risks of increased flooding or erosion 

at Martin Ranch Road are considered very low and not substantially different than the existing 

condition. 

3.5.2.3 Martin Road and SR 530 

The downstream end of the project reach is confined by artificial fill placed for construction of SR 

530, which runs north/south along the eastern margin of the Sauk River delta. SR 530 obstructs 

over 800 feet of the floodplain between Bohs Slough and the mainstem Skagit. Martin Road crosses 

the floodplain near RM 68.5 and was located within 150 feet of the active channel in 2013. Martin 

Road, SR 530, and the residential development along Martin Road are located within the floodplain 

and channel migration zone and are subject to high risk of flooding and erosion under existing 

conditions.   

Hydraulic analysis of project alternatives evaluated potential to increase flood and erosion 

downstream of proposed actions. Alternatives 1-3 are not expected to increase flood hazards of the 

Martin Road area beyond the hazards present under existing conditions. For Alternative 4, there is 

a small increase in predicted water surface elevations of the 2-year recurrence interval flow (0.5- to 

1-feet) for the area around Martin Road (Figure 43). Simulation of the 100-year recurrence interval 

flow, however, shows no increase in water surface elevation for Alternative 4 (Map Set E). 
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Figure 43. 2-year flow depth differences (from Existing Condition to Alt 4), in feet, within the Martin Road/SR530 

area. 

 

Channel migration hazards to the residential areas along Martin Road and avulsion hazards within 

Bohs Slough are high based on existing conditions and are expected to remain high regardless of 

any restoration actions. The left bank has continued to migrate southward toward Martin Road at 

an average rate of 27 feet/year (maximum rate = 38 feet/year) since 1998 with a migration trend 

that includes an increase in meander amplitude and downstream translation of the meander. 

Alternatives 1-3 will have no impact on hydraulic or geomorphic conditions in the mainstem 

downstream of Barnaby. Therefore, none of these alternatives would increase risk to infrastructure 
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along Martin Road and SR 530 above the no-action alternative. Alternative 4 will affect the 

hydraulics and channel morphology of the upstream reach adjacent to the Barnaby Complex, and 

these changes are anticipated to set up changes in areas of deposition and erosion downstream; 

however, we expect these adjustments will be most pronounced in the meander wavelength 

immediately downstream of Barnaby Slough in sub-reach B2 (Figure 39) and are not anticipated to 

alter the direction or magnitude of channel migration downstream. Alternative 4 also results in 

significant reductions in main channel velocities and shear stresses which will reduce the rate of 

southward migration towards Martin Road compared to current conditions (Figure 44). In current 

conditions and all alternatives considered, there is also potential for future avulsion along the 

existing alignment of Bohs Slough given recent migration rates. Future erosion upstream of the 

inlet could deflect additional flow into the slough. Given the small crossing for Bohs Slough, if there 

is a major increase in flow it is likely the crossing will plug with wood and the river would flow 

north along the SR 530 embankment to the mainstem bridge crossing. This scenario would 

certainly pose a risk to SR 530. Alternatives 1-3 will have no impact on the avulsion risk into Bohs 

Slough with Alternative 4 resulting in a potential reduction of risk when compared to current 

conditions.  
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Figure 44. 2-year flow velocity differences (from Existing Condition to Alt 4), in feet/second, within the Martin 

Road/SR530 area. 

 

3.5.2.4 SR 20 

SR 20 (North Cascades Highway) parallels the Skagit River on the north side of the valley and is the 

primary transportation route in the region. The road alignment from Rockport to the Sutter Creek 

picnic area (RM 71) is elevated on high ground and follows the edge of the channel migration zone 

for much of the length. This segment of the road is not prone to flooding but could be threatened by 

bank erosion hazards. There is riprap that armors the bank along the downstream end of the reach 

near the SR 530 Bridge at Rockport (Figure 10). Further upstream the valley margin appears to be 
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composed of resistant bank materials that limit channel migration hazards. Upstream from RM 71, 

SR 20 crosses an alluvial terrace and truncates the channel migration zone. This segment of the 

channel has been armored by riprap along the right bank. This segment of SR 20 is susceptible to 

both erosion and flood hazards and has required significant maintenance to stabilize the right bank 

immediately upstream of the project area. 

No measurable change in hydraulic characteristics was identified in model simulations that would 

affect SR 20 under the simulations for Alternatives 1-3. For Alternative 4 there is no increase in 

flooding risk downstream of RM 71 with a slight increase upstream of RM 71. If Alternative 4 is 

chosen as the preferred alternative, flood risk to SR 20 could be reduced by adjusting the width of 

ELJs to reduce obstructions within the main channel and increasing the width of the Barnaby inlet 

channel. No specific hazards to channel migration are created by the proposed alternatives; 

however, further field reconnaissance of the right bank between RM 70 and 71 is recommended to 

confirm presence of resistant bank materials limiting channel migration. If the bank materials in 

this segment are not resistant to erosion, placement of ELJs within the existing mainstem channel, 

as proposed under the Alternative 4 scenario, could deflect flow and destabilize the embankment. 

3.5.2.5 Public Use 

The project reach includes important natural amenities for the use of the local community. Risk 

factors related to public use include potential impacts to recreational land use activities.  

Alternatives 1 and 2 will have little to no impact on public use of the mainstem channel areas.  

Alternatives 3 and 4 may change public access by removing the culverts and roadway over Harrison 

Pond. Alternative 4 has potential to impact recreational boating as construction of ELJs will add 

hydraulic complexity to the mainstem channel. Restored conditions will enhance recreational 

experiences with more fish and wildlife, and a longer float. Conceptual design plans call for less 

than 30% of the cross-sectional area to be obstructed by wood. The proposed structures would 

mimic natural features that develop where large trees fall into the river and potential risks 

associated with public use are no greater than expected for dynamic rivers in natural settings. 

3.6 FISH 
The evaluation of fish benefits for each alternative included first estimating the likely habitat 

changes from each of the alternatives and then employing several different methods to estimate 

how these changes in habitat would influence a variety of salmon and steelhead species and life 

stages that use the Barnaby Reach. These methods and results are described below. 

3.6.1 Habitat Estimates for Each Alternative 
The hydraulic model only considered flows from the main Skagit River and side channels, and did 

not include tributary and groundwater influences. This was useful for modeling potential changes 

to the main channel under the different restoration alternatives, but did not capture changes to 

wetlands, ponds, and tributaries that can also provide important habitat for fish. So to evaluate 

habitat conditions that would be expected to develop under each alternative, a combination of 

historic aerial photographs and model results were used to estimate the area and/or length for 

each of the habitat types that were mapped under existing conditions. Three different photo sets 

that reflected different hatchery conditions in the past were used to estimate habitat conditions 
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that would likely result from each of the alternatives (Table 16). Where more than one photo set 

was available to represent each condition, photos were selected to provide the most comparable 

flow conditions in the mainstem. All photos used were taken during summer low flow conditions 

and only water that was clearly visible on the photos was mapped as habitat, so the results likely 

represent the minimum available habitat. The photographs and habitat mapping are included as 

Map Set H. 

Table 16. Photos used for evaluating existing habitat as well as conditions under each alternative. 

Photo date Facility condition Flow (cfs) at 
Marblemount 

Flow (cfs) at 
Newhalem 

Photo source 

8/27/2011 Existing conditions - 
abandoned facility 

5,390 4,320 USDA-NAIP 

8/10-
8/11/2001 

Hatchery & fish passage 
conditions maintained 

4,380/4,400 3,830/3,860 WA-DNR 

8/18/1956 Pre-hatchery conditions unknown 3,680 USFS 

 

The photos and model results were used to map habitat types for existing conditions and each 

alternative as follows: 

 Existing Conditions: Information for existing conditions used habitat mapped from the 2011 

photos, but shows the habitat below known barriers as connected and above the known 

barriers as isolated as described previously in the Fish Passage section.   

 

 Alternative 1 - Fish passage improvements: The mainstem Skagit River, sloughs downstream 

of known barriers, and tributaries flowing into the Barnaby Complex were mapped from the 

2011 photo. Habitat upstream of known barriers was mapped from the 2001 photo, when 

WDFW maintained fish passage into the sloughs and water levels were likely lower because 

beaver dams and wood debris were regularly removed. 

  

 Alternative 2 - Remove Barnaby infrastructure and improve fish passage to Harrison: The 

mainstem Skagit River, sloughs downstream of known barriers, and tributaries flowing into 

the Barnaby Complex were mapped from the 2011 photo. Barnaby Slough habitat was 

mapped from the 1956 photo, when conditions reflect no infrastructure at the site, and 

Harrison Pond habitat was mapped from the 2001 photo, when fish passage was being 

maintained by WDFW. For Alternative 2a the current locations of dikes around the small 

rearing pond in Barnaby were used to map the area that would remain as isolated fish 

habitat. 

 

 Alternative 3 - Remove Barnaby & Harrison infrastructure: The mainstem Skagit River, 

sloughs downstream of known barriers, and tributaries flowing into the Barnaby Complex 

were mapped from the 2011 photo. Barnaby Slough and Harrison Pond habitat was mapped 

from the 1956 photo, when conditions reflect no infrastructure at the site. 
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 Alternative 4 - Mainstem restoration: Habitat within the mainstem Skagit from the inlet to 

the outlet of Barnaby Slough, the Barnaby Slough meander, and the excavated connection 

between Barnaby and Harrison was mapped from the Alternative 4 model results run for 

the habitat flow level (3,000 cfs). Elevations from the 2005 LiDAR were examined and 

compared to known water surface elevations taken in a field survey during low flow 

conditions to determine the upper wetted extent of the Harrison Slough connection.  

Harrison Pond habitat was mapped from the 1956 photo, when conditions reflect no 

infrastructure at the site. Fish passage was assumed in other previously isolated areas and 

mapped from the 2001 photos. The remainder of the mainstem Skagit River, sloughs 

downstream of known barriers, and tributaries flowing into the Barnaby Complex were 

mapped from the 2011 photo. 

 

 Future Conditions:   It is expected that once a restoration project is constructed, habitat 

conditions are likely to change over time in response to river and floodplain processes.  

These types of changes are difficult to predict with hydraulic model results and aerial 

photograph interpretation. Nonetheless, these processes may result in significant changes 

to the habitat available to fish over time after project construction. To capture this, the 

Anticipated Geomorphic Response section identified likely changes 10-15 years after 

project construction and how that would change habitat availability for each of the 

alternatives. 

 

Floodplain connectivity is currently limited in the upper portion of the Barnaby reach and 

Alternatives 1-3 are not anticipated to substantially change river processes.  As such, the 

habitat gains that are anticipated to occur as a result of these alternatives are expected to 

remain relatively constant for the 10-15 year period following construction assuming that 

fish passage is maintained over time. However, Alternative 4 is designed to actively restore 

floodplain connectivity by actively directing a portion of the river flow through Barnaby 

Slough. The geomorphic and hydraulic analysis indicated that this would restore floodplain 

connectivity by creating substantially more flow across the floodplain during the modeled 

2-year flood event. This much more dynamic situation would be expected to form new 

habitats as it evolves and changes over time, and one possible outcome for habitat 

conditions 10-15 years after construction was presented in Figure 42. This figure was used 

to map habitat conditions that may develop over time under Alternative 4. 

The mapped habitat in existing conditions and expected under each alternative is shown in Map Set 

H. Table 17 and Table 18 below summarize the results. 
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Table 17. Habitat area available to fish under each alternative. 

*Alternative 2a would reduce off-channel habitat in Barnaby and the total for Alt 2 by approximately 0.5 

acres 

Table 18. Habitat length available to fish under each alternative. 

 

3.6.2 Expected Fish Habitat Utilization 
In order to compare the benefits to fish from each of the restoration alternatives this evaluation 

considered the expected level of fish utilization by species for the habitat types and amounts 

anticipated under each alternative. Habitat types resulting from each alternative were compared to 

Alternative 1 as the baseline. For each of the four alternatives and the future condition for 

Alternative 4, the change in the area (acres) and length (ft) were calculated for each habitat type as 

described above. Each habitat type increase or decrease is shown as a percentage compared to the 

Habitat Type Habitat area (acres) under each alternative 

  Existing Alt 1 Alt 2* Alt 3 
Alt 4  

As-Built 

Alt 4  
Future 

Condition 

Mainstem Skagit 163.8 163.8 163.8 163.8 201.6 234.4 

Backwater 16.7 16.7 16.7 16.7 24.8 34.7 

Side Channel 17.4 17.4 17.4 17.4 25.4 38.5 

Off-Channel             

    Barnaby 0.0 24.4 29.3 29.3 0.0 0.0 

    Harrison 0.0 25.4 25.4 10.4 10.2 10.2 

    Upper Harrison 0.0 3.8 3.8 3.5 4.3 4.3 

    Other 25.4 34.0 34.1 34.0 20.5 30.0 

Off-Channel Total 25.4 87.6 92.7 77.3 34.9 44.4 

Habitat Type Habitat length (feet) under each alternative 

  Existing Alt 1 Alt 2 Alt 3 
Alt 4  

As-Built 

Alt 4  
Future 

Condition 

Mainstem Skagit 19,873 19,873 19,873 19,873 29,283 33,693 

Backwater (perimeter) 26,543 26,543 26,543 26,543 34,881 35,605 

Side Channel 11,507 11,507 11,507 11,507 17,337 31,054 

Tributary 2,830 8,338 8,338 9,006 9,022 9,022 

Off-Channel   
    

  

    Barnaby 0 6,680 6,664 6,664 0 0 

    Harrison 0 4,667 4,795 5,300 5,263 5,263 

    Upper Harrison 0 4,689 4,692 4,648 5,347 5,347 

    Other 31,296 42,174 42,062 42,053 34,127 31,902 

Off-Channel Total 31,296 58,211 58,213 58,666 44,737 42,512 
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baseline Alternative 1 conditions in Figure 45 and Figure 46. This percent change from baseline 

levels was used to establish a species- and life stage-specific habitat utilization index.   

 

 
Figure 45. Comparison of habitat area (acres) for each alternative relative to Alternative 1. 

 

 

 
Figure 46. Comparison of habitat length (feet) outcomes for each alternative relative to Alternative 1. 
 
 
As shown in Figure 45 and Figure 46 above, for each alternative there are varying levels of changes 

in habitat type and amount. Because salmon and steelhead species use habitat types differently, 

changes in type and amount can favor a particular species or life stage. In order to evaluate how 

these changes affect different species this evaluation considered how important each of the 

identified habitat types is to each species. Years of spawning ground surveys by WDFW, tribes, and 

Seattle City Light biological staff have demonstrated that there are species-specific differences in 

the types of spawning habitat used by salmon and steelhead adults throughout the floodplain of 

both the mainstem of the Upper Skagit and its many tributaries. The spawning habitat preferences 

observed in the Skagit watershed are consistent with the findings of other Pacific salmon 

researchers (Quinn, 2004). Like their adult counterparts each juvenile salmon species exhibit 

differing patterns in rearing habitat usage. Juvenile coho utilize off-channel habitat extensively on a 

year round basis for rearing purposes while chum juveniles outmigrate immediately after 
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emergence. To a much lesser degree Chinook yearling are known to utilize off-channel habitat area 

junctions (Lowery et al., 2013). Steelhead, Chinook and pink salmon primarily use mainstem and 

side channel habitat for spawning and rearing. To a lesser degree chum adults will also utilize both 

mainstem and side channel habitat as well. Coho rarely use either mainstem or side channel habitat 

as adults but can be found in these habitats as juveniles although it is not their preferred habitat. 

The spawning and rearing habitat preferences of adult and juvenile steelhead and salmon species 

are summarized in Table 19 and Table 20 below.   

Table 19. Adult life stage utilization by habitat type. 

 

Table 20. Juvenile life stage utilization by habitat type. 

 Mainstem Backwater Side Channel Tributary Off-Channel 

Steelhead  High Low High High Low 

Chinook  High High High Medium Low 

Coho Low High Low High High 

Chum n/a n/a n/a n/a n/a 

Pink n/a n/a n/a n/a n/a 

 
 
The Alternative 1 habitat conditions were used as the baseline from which species-specific habitat 

utilization indices were developed for each alternative. Each alternative was assigned number 

ratings to describe anticipated changes in utilization for each species based on the changes in 

amounts of the different habitat types and the importance of those habitat types to one or both life 

stages considered (Table 21 and Figure 47). Utilization changes were classified as moderate if there 

was a moderate percentage change in a high value habitat type for at least one life stage or if there 

was a large change in habitat that was of medium or low value to both life stages. Utilization 

changes were classified as extreme if there was a large percentage change in a high value habitat for 

at least one life stage, or at least a moderate change to multiple high value habitat types for both life 

stages. The numerical ratings by species were summed to provide a total numerical rating for each 

alternative.        

 Mainstem Backwater Side Channel Tributary Off-Channel 

Steelhead  High Low High High Low 

Chinook  High Low High Medium Low 

Coho Low Low Low High High 

Chum Medium Low Medium Low High 

Pink High Low High High Low 
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Table 21. Juvenile and adult habitat utilization index relative to Alternative 1 conditions. 

1 – Extreme reduction in utilization 

3 – Moderate reduction in utilization 

5 – No change (relative to Alt. 1) 

7 - Moderate increase in utilization 

9 – Extreme increase in utilization 

 

Alternative Steelhead Chinook Coho Chum Pink Total 

Alt 0 3 3 1 1 3 11 

Alt 1 5 5 5 5 5 25 

Alt 2 5 5 7 5 5 27 

Alt 3 5 5 3 3 5 21 

Alt 4 9 9 1 7 9 35 

Alt 4 Future 9 9 3 9 9 39 
 

 

 
 
 

 

Figure 47. Juvenile and adult habitat utilization index relative to Alternative 1 conditions. 

 
 



 BARNABY RESTORATION ALTERNATIVES ASSESSMENT November 12, 2014 

 100  
 

The change in habitat conditions and the fish habitat utilization indices are summarized for each 

alternative below.     

 

 Existing Conditions: As shown in the habitat estimates (Table 17 and Table 18) and fish 

utilization indices (Table 21 and Figure 47) there are moderate-to-extreme reductions in 

habitat utilization for most species at both adult and juvenile life stages resulting from 

multiple barriers to fish passage that are currently isolating upstream habitat. Coho and 

chum at both life stages are considered to be the most impacted by barriers because most of 

the off-channel habitat in the reach is located above existing barriers causing an 81% 

reduction in useable off-channel habitat relative to Alternative 1. Adult and juvenile habitat 

utilization by steelhead, Chinook and pink salmon is moderately reduced relative to 

Alternative 1 conditions due to a reduction in tributary habitat. The reduction is only 

moderate because the majority of the habitat utilized by these three salmon species is found 

below existing barriers.     

 

 Alternative 1 - Fish Passage Improvements: This alternative assumes that all known passage 

barriers will be removed, replaced, or actively managed to maintain adult and juvenile fish 

passage year round. The habitat types and amounts estimated for this alternative as shown 

in Table 17 and Table 18 were used as the baseline for comparisons in the habitat 

utilization indices. This alternative is estimated to produce 87.6 acres of off-channel habitat 

that is mostly utilized by coho and chum for spawning purposes. It produces 181.2 acres of 

mainstem and side channel habitat, which is primarily utilized by steelhead, Chinook and 

pink salmon. Juvenile coho utilize off-channel habitat extensively on a year round basis for 

rearing purposes while chum juveniles outmigrate immediately after emergence. To a much 

lesser degree Chinook yearling are known to utilize off-channel habitat area junctions 

(Lowery et al., 2013). Steelhead, Chinook and pink salmon adults primarily use both 

mainstem and side channel habitat, and to a lesser degree chum adults will also utilize these 

habitats as well. Coho rarely use either mainstem or side channel habitat as adults but can 

be found in these habitats as juveniles although it is not their preferred habitat. 

 

 Alternative 2 - Remove Barnaby Infrastructure: The removal of infrastructure from Barnaby 

resulted in only a small increase (6%) in the area off-channel habitat (Figure 45). The area 

and length of mainstem, side channel and tributary habitat types were virtually unchanged. 

As might be expected the habitat utilization index remained identical to the Alternative 1 

baseline value. Alternative 2a would result in 0.5 acres less off-channel habitat than 

Alternative 2, which was not enough to change the habitat utilization index. 

 

 Alternative 3 - Remove Barnaby and Harrison Infrastructure: This alternative includes the 

removal of all infrastructure from both Barnaby and Harrison which had no effect on the 

area or length of mainstem or side channel habitat. The length of tributary habitat showed 

an 8% increase over the baseline conditions (Figure 46). The off-channel habitat area 

showed a 12% decrease by area (Figure 45) which is primarily a result of reduced surface 

area in Harrison Pond after removing the impoundment there. Overall, the habitat 
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utilization index for combined species and life stages dropped by 16% over baseline 

conditions (Figure 47). Both life stages of coho and adult chum salmon were the two species 

most affected by the loss of off-channel habitat. 

 

 Alternative 4 – Mainstem Reconnection (As-Built): In this alternative, once all existing 

infrastructure is removed from within the Barnaby Complex a new channel would be 

constructed to reconnect river flows at the upstream end of Barnaby Slough and restore 

hydraulic and geomorphic conditions to this reach. Substantial increases in area and length 

of mainstem (23% and 47%) and side channel (46% and 51%), and length of tributary (8%) 

result from this restoration alternative (Figure 45 and Figure 46). Conversely, substantial 

amounts of off-channel habitat seen in the baseline conditions will be transformed into 

other habitat types, resulting in a reduction in the area (60%) and length (23%) of this 

habitat type. The expected changes in all habitat types caused the habitat utilization index 

for combined species and life stages to increase by 40% over baseline conditions (Figure 

47). Steelhead, Chinook and pink salmon are expected to show an extreme increase in 

habitat utilization caused by the creation of preferred mainstem, side channel and tributary 

habitat types. Similarly, this alternative is expected to result in moderate gains in habitat 

utilization by chum adults. The reduction in off-channel habitat present with baseline 

conditions is expected to be offset by increases in mainstem, side channel and tributary 

habitats which are commonly used by chum salmon in the upper reach of the Skagit River. 

Conversely, the habitat utilization index for coho is expected to see an extreme reduction 

from baseline conditions. In the Upper Skagit, coho adults spawn almost entirely in off-

channel and tributary habitat areas and are rarely observed spawning in mainstem or side 

channel areas, and they depend heavily on off-channel habitat for rearing. Unlike with other 

species evaluated, the reduction in off-channel habitat will not be offset by other habitat 

types for coho. 

 

 Alternative 4 – Mainstem Reconnection (Future): The alternative to restore the Barnaby 

Complex and reconnect river flows at the upstream end of Barnaby Slough is expected to 

have substantial effects on hydraulic and geomorphic conditions in the reach. As described 

earlier in this report, this is the only alternative that is likely to improve floodplain 

connectivity in the upper portion of the Barnaby Reach. As a result Alternative 4 would be 

expected to evolve over time with natural river processes creating and altering habitat 

conditions, and as a result fish utilization would also be expected to change with it over 

time. In order to anticipate how some of these dynamic changes may influence fish use, one 

possible future condition approximately 10-15 years after construction was developed for 

Alternative 4 (Figure 42) as described in the Anticipated Geomorphic Response section of 

this report. In particular, within floodplain areas adjacent to the reconnected channel 

segments, additional flow is anticipated to trigger localized scour forming new side 

channels that branch away from, and reconnect to, the primary slough channel. This near 

term habitat evolution will form additional areas of all habitat types as shown in Figure 45 

and Figure 46, further benefiting all salmon species and life stages. While these ongoing 

changes are certain to continue to benefit steelhead and Chinook, the most notable changes 



 BARNABY RESTORATION ALTERNATIVES ASSESSMENT November 12, 2014 

 102  
 

are for coho and chum salmon. While still less than the Alternative 1 baseline, the 

anticipated 11% increase in off-channel habitat compared to as built conditions improves 

the habitat utilization index value for both species (Figure 45 and Figure 46), which 

increased the habitat utilization index for combined species and life stages to 56% over 

baseline conditions (Figure 47). 

 
 

3.6.3 Adult Fish Production Indices  
In an attempt to validate the results from the habitat utilization approach, a second method was 

developed using contemporary spawning survey data from the Skagit watershed. This method 

estimates fish production by species for each alternative by applying known adult spawning density 

to the changes in habitat type and length identified for each alternative in Table 18. Spawning 

density information was derived from numbers of chum, Chinook, steelhead and pink salmon 

typically observed spawning in mainstem and side channel habitat in the Upper Skagit River (Table 

22). The resulting indices (Figure 48 and Figure 49) represent an approximation of the number of 

adult salmon and steelhead produced under each alternative compared to baseline conditions. It 

should be understood that while spawning habitat may not be the limiting factor for all of these 

species, this evaluation can provide an index of the scale that each of the alternatives may influence 

different species.   

Table 22. Average spawning density per river mile for chum, Chinook, steelhead, and pink 
salmon observed in mainstem and side channel habitat in the Upper Skagit River from 
Rockport to Marblemount (Barkdull, 2014).  
 

Species 10 Year  average 
spawner/mile escapement 
(2004-13) 

10 Year  average spawner/mile 
escapement plus estimate of 
harvest (2004-13) 

Chum 444 555 

Chinook 365 730 

Steelhead* 20 21 

Pink 18,504 28,468 

* steelhead data were taken from Rockport to Shovel Spur reach 
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Figure 48. Estimated number of adult salmon and steelhead produced annually compared to Alternative 1. 
 
 

 

Figure 49. Estimated number of adult pink salmon produced annually compared to Alternative 1. 
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Skagit basin coho do not spawn in mainstem and side channel habitat as adults, so as an alternative 

the adult coho index was derived from the work of Roni et al. (2006) which found an average of 

0.37 coho smolts were produced per square meter of floodplain habitat. Coho smolt production was 

estimated by applying this density number to the off-channel, side channel, and backwater habitat 

for each alternative. The number of adult coho produced from these smolts was estimated by 

applying an average Skagit watershed smolt-to-adult survival rate of 6% (Karis, 2014) and the 

results are shown in Figure 50. Again, this estimate should be seen as an index of the scale that each 

alternative may affect coho salmon. 

 

 
 

Figure 50. Estimated number of adult coho salmon produced annually compared to Alternative 1. Alt 2a is expected 

to produce 45 fewer adult coho than Alt 2. 
 
 

3.6.4 Chinook Smolt Production Estimates 
A final approach used to evaluate the fish benefits of the different restoration alternatives for the 

Barnaby Reach was to estimate Chinook smolt production using the methods from Hayman et al. 

(1996) and the Skagit Chinook Recovery Plan (SRSC and WDFW, 2005). Hayman et al. (1996) 

characterized mainstem habitat and sampled juvenile Chinook use throughout the 1995 smolt 

migration period to estimate Chinook distribution among the mainstem habitat types in the Skagit 

River. These estimates are provided in Table 23. The Skagit Chinook Recovery Plan used this 

information along with more recently collected habitat data to estimate Chinook capacity 

throughout the Skagit River basin. While these methods are focused on a single species, they are 

valuable for making comparisons between project alternatives and with other restoration activities 
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because they have been commonly used for restoration planning and funding decisions in the 

Skagit River basin. 

Table 23.  Juvenile Chinook density by habitat type from Hayman et al. (1996) and SRSC and WDFW (2005) 

Habitat Type Fish/ft2 

Natural backwater 0.165 
Hydromodified backwater 0.059 
Natural bar 0.041 
Hydromodified bar 0.015 
Natural bank 0.090 
Hydromodified bank 0.032 
Mid-channel areas 0.0001 
Off-channel habitat 0.0045 
 

The methods for measuring mainstem, backwaters, side channel and off-channel habitat have been 

described previously, but to estimate Chinook smolt production, mainstem habitats need to be 

further subdivided into mid-channel areas, banks (near vertical shorelines), and bars (shallow low-

gradient connection to the shore). Edge habitats with hydromodifications such as bank armoring 

need to be identified because they support fewer fish. To accomplish this, mainstem edge habitats 

in each alternative were classified as banks or bars and their length measured in GIS. To calculate 

area each edge habitat type was multiplied by the average width of that type found in Hayman et al. 

(1996) which was 8.5 feet for banks and 51.2 feet for bars. Information on hydromodifications was 

taken from a survey completed by the Upper Skagit Indian Tribe (USIT, 2013). Mid-channel area for 

each alternative was calculated by subtracting the total edge habitat area from the total mainstem 

area. The resulting edge habitat and mid-channel areas anticipated under each alternative are 

summarized in Table 24. 

Table 24.  Mainstem edge habitat and mid-channel areas in the Barnaby Reach 

 

 

Habitat Type 

Habitat area (ft2) under each alternative 

Alts 0-3 
Alt 4  

As-Built 

Alt 4  
Future  

Condition 

Bank 229,307 308,013 363,516 

Hydromodified Bank 16,553 16,553 11,222 

Bar 605,992 1,094,422 1,098,384 

Hydromodified Bar 0 0 0 

Mid-channel areas 6,285,129 7,363,259 8,739,157 
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To estimate Chinook smolt production from each alternative, the total area of each habitat type in 

the Barnaby Reach (Table 17and Table 24) was multiplied by the appropriate smolt density in 

Table 23 and the results totaled for each alternative (Table 25). The smolt density for off-channel 

habitat was used to estimate production from areas mapped as side channels. These results show 

that while Alternatives 1-3 would produce substantial gains in Chinook smolts, the benefits of 

Alternative 4 are larger by an order of magnitude and show an increase over time that almost 

doubles the Chinook smolts currently produced in the Barnaby reach. By comparison, the benefits 

estimated in the Chinook Plan (SRSC and WDFW, 2005) for a package of freshwater rearing habitat 

restoration projects throughout the Skagit River basin ranged from 233 smolts to 65,028 smolts for 

individual projects, and the total benefits from implementing all of the freshwater rearing habitat 

projects in the plan was estimated to be 433,000 smolts. 

Table 25. Chinook smolt estimates for the Barnaby Reach for each alternative. 

* Alt 2a is expected to produce 153 fewer Chinook smolts than Alt 2. 

 

3.6.5 Results 
If coho salmon production is considered a fish management priority over additional production of 

Chinook, steelhead, chum and pink salmon, Alternatives 1 and 2 would be the most productive for 

coho and Alternative 3 the least productive, although all of the alternatives are a significant 

improvement over existing conditions. Alternative 4 would initially provide the least benefit to 

coho (although still an improvement over existing conditions) but as the project evolves over time 

would likely be better than Alternative 3. Alternatives 1 and 2 both require ongoing maintenance at 

existing structures over time to maintain benefits, while Alternatives 3 and 4 would be expected to 

be maintenance free. Alternative 2a would produce slightly fewer coho but still remains more 

similar to Alternative 2 than any of the other alternatives. 

For other species, Alternatives 1-3 all provide relatively moderate benefits to Chinook, steelhead, 

pink and chum salmon compared to existing conditions. They each provide a similar level of benefit, 

although again Alternative 3 trails slightly behind for Chinook and chum. Alternative 4 provides by 

far the most dramatic benefits to these species including Chinook and steelhead which are currently 

both listed as threatened on the federal Endangered Species Act (ESA) (Figure 48). The adult 

spawning index indicates that Alternative 4 could result in a 9-14% increase in the number of 

  
Existing 

Condition Alt 1 Alt 2* Alt 3 
Alt 4  

As-Built 

Alt 4  
Future  

Condition 

Total Chinook 

Smolts 
174,920 187,159 188,154 185,122 264,385 345,184 

Increase in 

Chinook Smolts 

Compared to 

Existing Condition 

0 12,239 13,234 10,202 89,465 170,264 
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steelhead spawning annually in the reach of Skagit mainstem between Rockport and Newhalem.  

Similarly, Chinook spawning could increase by an estimated 1,301 adults annually shortly after 

construction and by as many as 1,911 within 10-15 years after construction. Both chum and pink 

salmon would also benefit greatly from this alternative with possible increases in annual adult 

spawners of more than 1,453 and 74,509 respectively. The Chinook smolt production estimates 

also show dramatic increases from Alternative 4. These methods show that Alternatives 1-3 could 

provide an additional 10,202 to 13,234 Chinook smolts annually, but that Alternative 4 might 

eventually provide over 170,000 Chinook smolts annually which would almost double smolt 

production for the entire Barnaby Reach. 

Alternative 4 also has the advantage of restoring floodplain connectivity and natural river 

processes that form and sustain habitat. As a result, while habitat conditions for specific species 

may fluctuate over time, Alternative 4 is most likely to be self-sustaining and maintain habitat 

benefits over time. Alternative 1 and Alternative 2 will require ongoing maintenance to ensure 

habitat benefits, and even though Alternative 3 would not require ongoing maintenance, it runs 

some risk of reduced habitat as Barnaby and Harrison may silt in over time. Conversely, the 

projections provided by the Anticipated Geomorphic Response section indicate that Alternative 4 

would likely increase most habitat types over time. 

3.7 WILDLIFE  
The evaluation of impacts to wildlife was based on the relative changes in fish habitat and acreage 

of adjacent habitats projected to be inundated by 2-year flows. It is expected that there is a direct 

relationship between acreage of seasonally inundated land and habitat complexity for wildlife that 

use aquatic, wetland, and riparian habitats in the floodplain.    

3.7.1 Alternative 1 
Alternative 1 involves removal of existing fish passage barriers in Barnaby Slough and ongoing 

maintenance of all existing WDFW water management infrastructure. Compared to Alternative 0 

(current conditions), Alternative 1 would result in approximately 16 acres of side- and off-channel 

open water habitat to become drier under 2-year flow conditions. The lower year-round water 

levels would also affect the emergent/scrub shrub wetland zones of Barnaby and Harrison. In 

Barnaby Slough (on WDFW property) the open water zone would narrow, decreasing from 49.6 

acres under existing conditions to 32.7 acres under Alternative 1 (34 % decrease). The open water 

habitat in Upper Harrison Slough is projected to narrow from an average width of 63 feet to 46 feet, 

reducing open water area from 4.7 acres under existing conditions to 3.8 acres under Alternative 1 

(19 percent decrease). At both Barnaby and Harrison, it is likely that a narrower zone of open water 

would allow emergent, scrub-shrub and forested wetland habitat to develop along the new 

shoreline, although some of the higher elevation seasonally-flooded wetlands would be less 

frequently wetted once the infrastructure is maintained consistently.  

At Upper Harrison Slough and False Lucas Slough, the stable groundwater inflow and significant 

beaver activity is likely to be similar under both Alternatives 1 and 2; habitat conditions in those 

areas would change very little from current conditions. No changes to wildlife habitat would occur 

to the Harrison Pond because the dam would be retained. The model projects a slight widening of 
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Harrison Pond, with open water increasing from 22.6 to 25.4 acres, which could further inundate 

adjoining wetland habitat. The average width of the open water area would increase by only 2 feet, 

from 181 to 183 feet  

The overall availability of deeper open aquatic habitat for waterfowl, particularly diving ducks, 

would be reduced slightly under Alternative 1, but both Barnaby and Harrison would still provide 

large areas of high-quality shallow open water fringed by emergent and forested wetland habitat. 

Similarly, the forested and emergent wetlands maintained by beaver dams and groundwater 

inflows would continue to provide high-quality habitat for pond-breeding amphibians in the Upper 

Harrison Slough. All of the sloughs would also continue to provide excellent foraging habitat for 

bats and insectivorous birds. 

The lower water levels would likely cause the forested wetland between Harrison and Barnaby and 

north of Barnaby Slough to become slightly drier. This would reduce the amount of tree mortality 

that has occurred in recent years due to the elevated water levels. Once the water level is lowered, 

understory vegetation will develop in these areas.  

If fences are maintained under Alternative 1, large mammal movement would continue to be 

adversely affected. 

3.7.2 Alternative 2 
Under Alternative 2, the removal of the Barnaby infrastructure would eliminate 11 acres of open 

water in Barnaby Slough. This would reduce deep water for diving ducks but would likely increase 

acreage and diversity of wetland and riparian communities for other wildlife. It would also result in 

a greater diversity of tree and shrub age classes which would improve habitat for species that 

prefer early successional stages. While the acreage of open water would be less than under 

Alternative 1, it is likely that the range of water depths in the channel and the increased structural 

diversity in the adjacent emergent and forested wetland zones would actually improve habitat 

conditions for many waterfowl and amphibian species at Barnaby Slough. The same improvements 

in habitat structural diversity would also likely benefit bats that feed on insects over water and in 

forest openings. 

Restoration of the 1.1-acre caretaker house site including the lawn, storage building, and gravel 

road would improve upland habitat for deer, elk, and many bird species. 

Wildlife habitat conditions in Harrison Pond and False Lucas Sloughs would likely be very similar to 

those under Alternative 1. 

3.7.3 Alternative 3 
Alternative 3 impacts at Barnaby Slough would be the same as under Alternative 2. The removal of 

the Barnaby infrastructure would result in a slight narrowing of the open water area in the slough 

but there would still be a large amount of backwater habitat for waterfowl ( 

Figure 51). The water levels would fluctuate more and result in greater wetland habitat diversity 

along the slough. Removal of Harrison Dam, fishway, and culverts under Barnaby Slough Road 
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would cause significant changes to Harrison Pond habitats. Compared to Alternative 2, this 

alternative would eliminate an additional 16 acres of off-channel open water habitat mostly in 

Harrison Pond. The most substantial changes would occur in lower Harrison where the existing 

open water habitat would change from a 25-acre “pond” averaging 180 feet in width, to a flowing 

channel about 85 feet wide and occupying about 10 acres. In Upper Harrison Slough, only minor 

narrowing of the wetted channel would occur and most of what is currently wetland ( 

Figure 51) is likely to remain wetland (or riparian habitat) due to the stable inflow and extensive 

system of beaver dams. Even along Harrison Pond, much of the dewatered zone would likely 

develop wetland communities along the channel thalweg ( 

Figure 52). Similarly, little change at False Lucas Slough is expected to occur.   

Under Alternative 3, approximately 606 acres of uplands would be inundated (>0.5 feet) by water 

during a 2-year flow event (Table 26), resulting in a gain in wetland and riparian habitat. This is 

about 15 acres more than under existing conditions. Much of this gain would occur between the 

Skagit River and Barnaby and Lucas Sloughs.   

 
 

Figure 51. Alternative 3 aquatic habitat and inundated terrestrial areas during a 2-year flow event.  
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Figure 52. Harrison Slough thalweg profile (current conditions). 

 

 

One way to evaluate potential conditions in Harrison Pond under this alternative is to examine 

historical aerial photos taken prior to the construction of the Barnaby and Harrison dams, dikes, 

levees and control structures. The 1956 photos show that Harrison Pond was a narrow slough, 

likely bordered by forested wetland (Figure 53). However, it is not certain how long-term changes 

in Skagit River channel morphology and the operation of Ross Dam have influenced annual peak 

flows that could have maintained some of these off-channel habitats. Therefore, direct comparison 

may not be applicable. 

 

Table 26. Area outside of aquatic habitat inundated by 2-year flow under Alternative 3. 

Depth (ft) Acres 

0.5 - 2 214 

2 - 4 229 

> 4 163 

Total 606 
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Figure 53. Comparison of current (2011) and pre-development (1956) aerial photos of Barnaby and Harrison 

sloughs. 

 

3.7.4 Alternative 4 
Under Alternative 4, there would large changes to the hydrology of Barnaby, Harrison, and False 

Lucas Sloughs. Converting Barnaby Slough into mainstem habitat would cause a much greater area 

to be directly affected (inundated) by normal Skagit River flows (Figure 54). Approximately 930 

acres of area outside of identified aquatic habitat channels will be inundated (>0.5 feet) by water 

during a 2-year flow (Table 27). A large proportion of the acreage would be flooded sufficiently to 

be ponded open water and wetland habitat; other areas would be more riparian in nature. This is 

especially true for the area between the river and Barnaby and Lucas Sloughs. In comparison to 

existing conditions, there would be about 57 percent more area (339 acres) that is subjected to 

inundation (> 0.5 feet) by 2-year river flows ( 

Figure 55). In addition, as shown in  

Figure 55, the proportion of off-channel habitat that is deeply flooded by 2-year flows is much 

greater under this alternative than Alternatives 0 or 3.  

Compared to the other alternatives, it is likely that vegetation communities would become more 

diverse in age and structure under this alternative, which would benefit a large number of wildlife 

species, including many native bird species, deer, and elk. While the impounded portions of 
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Barnaby and Harrison would be eliminated, the loss of amphibian breeding and bat foraging habitat 

would likely be more than offset by the expected increased habitat diversity between the new 

mainstem and along Harrison and False Lucas Sloughs. There would be a loss of foraging habitat for 

diving ducks and potentially bald eagles that forage for fish and waterfowl at Barnaby and Harrison. 

While the Harrison Pond dam would be removed, existing groundwater would continue to provide 

flows for beavers to build dams along the entire length so it is likely that a high percentage of the 

wetland that currently exists along Harrison Pond and Upper Harrison Slough would continue to 

exist into the future. 

 
 

Figure 54. Alternative 4 aquatic habitat and inundated terrestrial habitats during a 2-year flow event. 

  

Table 27. Area outside of aquatic habitat inundated by 2-year flow under Alternative 4. 

Depth (ft) Acres 

0.5 - 2 322 

2 - 4 344 

> 4 264 

Total 930 
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Figure 55. Comparison of modeled inundation depths for a 2-year flow event under Alternatives 0, 3, and 4. 

 

3.8 COSTS            
Conceptual costs were developed for each alternative as “planning level” level construction cost 

estimates suitable for comparing relative costs between the different alternatives (Appendix D). 

Table 28 summarizes the various elements included in each alternative. Costs for Alternative 2a 

were not included because additional engineering studies will be needed before even a conceptual 

design can be completed for retaining the existing rearing pond. The low level of detail at this point 

precludes these estimates from being used for pursuit of construction funding. Multipliers were 

uniformly applied to each cost estimate to account for inflation, administration, and allowance for 

indeterminate elements. Key assumptions to the overall cost estimating exercise include: 

 All cut material to be disposed of on-site either directly adjacent to the cut location or short 

(<1/4 mile) haul. 

 8.5% local tax. 

 Fill areas to have half the acreage of cut areas for purposes of estimating erosion control 

and re-vegetation costs. 

 Structures to be initially perforated to allow site to drain before initiating construction to 

minimize erosion control costs associated with in-water work. 

 Man-made debris (concrete, houses, piping) to be hauled and disposed off-site. 

 Large wood used in engineered log jams to be procured from local off-site sources – use of 

on-site materials in structures will be negligible. 

 Existing roads are sufficient for construction traffic – no road upgrades will be required. 

 Traffic control will be minimal. 

 Mobilization costs of 10%. 
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 Inflation multiplier of 12% (4%/year for 3 years, [assuming 2017 construction]) 

 Administration and construction supervision multiplier of 10% 

 Allowance for indeterminate elements multiplier ranging from 5%-25% to account for 

those minor elements which will be required for the final design but are unknown at this 

level of detail. Typical elements which arise could include on-site mitigation for wetland 

impacts, additional earthwork for flood-proofing along project margins, disposal of 

contaminated materials, additional construction materials, modifications related to 

archaeological findings, additional earthwork or hauling longer distances to dispose of 

materials onsite, additional effort to install and maintain access routes over soft/wet areas.  
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Table 28. Comparison of design elements within restoration alternatives. 

Item Alt1 Alt2 Alt3 Alt4 Description 

Maintain existing infrastructure 

around Barnaby Slough 
X    

Clean control structure (03.1343 

0.30), mid-section dike (03.1343 

1.00) and middle dam culverts 

(IL17) 

Maintain existing infrastructure 

around Harrison Pond 
X X   

New log boom at Harrison Pond, 

clean fishway (03.1340 1.60) 

Restore fish passage in 

surrounding drainages 

X X X X 

Replace 4 culverts (IL11, IL12, 

IL25, IL26) with larger culverts or 

bridges, remove road fills at 4 

locations (983312, 03.1340B 

0.10, IL 14, IL 24) 

Remove existing infrastructure 

around Barnaby Slough 

 X X X 

Remove 2 control structures 

(03.1343 0.30 & 03.1343 0.50), 

mid-section dike (03.1343 1.00), 

middle dam culverts ((IL17), 2 

buildings, decommission well & 

pipes 

Remove existing infrastructure 

around Harrison Pond 
  X X 

Removal of 1 concrete dam with 

17-step fishway (03.1340 1.60)  

Remove dikes around Barnaby 

Slough 
 X X X 

85,000 CY dikes removed, on-

site disposal 

Remove dikes around Harrison 

Pond 
  X X 

36,000 CY dikes removed, on-

site disposal 

Excavate channel between 

Skagit River and Barnaby Slough 
   X 

203,000 CY cut for new channel, 

on-site disposal 

Install large wood structures 

along new channel 
   X 

3,000 LF of large wood 

structures 

Excavate channel between 

Barnaby Slough & Harrison Pond 
   X 

17,000 CY cut for new channel, 

on-site disposal 

Excavate channel to Lucas 

Slough 
   X 

2,200 CY of cut for connector 

channel, on-site disposal 
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Item Alt1 Alt2 Alt3 Alt4 Description 

Install ELJs in Skagit River 

   X 

5 engineered log jams in 

mainstem with low floodplain 

benches using 150,000 CY of cut 

from on-site disposal 

Additional project costs, 

amounts vary by alternative 
X X X X 

Mobilization, traffic control, 

erosion control, revegetation, 

access, staging, clearing & 

grubbing  

Convert road to trail beyond 

Harrison Pond  
 X X X 

Rip ½ of surface width of 1 mile 

long road 

 

3.8.1 Alternative 1: Restoration of Fish Passage Only 
 Restore fish passage and maintain all existing infrastructure in the Barnaby Complex. 

 Planning level cost range: $2,000,000 - $2,400,000. 

 Key cost assumptions include: 

o Restoring fish passage to elements identified in this analysis for Barnaby Slough and 

Harrison Pond and surrounding (Other) areas, including restoration of that portion 

of the channel immediately adjacent to the fish passage restoration, 

o Repair of the existing systems on Harrison and Barnaby Sloughs to restore fish 

passage, and 

o Ongoing maintenance for 20 years of the systems on Barnaby Slough and Harrison 

Pond. 

 

3.8.2 Alternative 2: Restoration at Barnaby Slough 
 Full restoration at Barnaby Slough, including removing all dikes and infrastructure, but 

maintain existing dam and fishway at Harrison Pond. 

 Planning level cost range: $3,700,000 - $4,300,000. 

 Key cost assumptions include: 

o Restoring fish passage to elements identified in this alternative for Harrison Pond 

and surrounding (Other) areas, 

o Removal of the fish barriers on Barnaby Slough, including house and sheds and 

wells, 

o Removal of the dikes around Barnaby Slough, 

o Repair of the existing systems on Harrison Pond to restore fish passage, and 

o Ongoing maintenance for 20 years of the systems on Harrison Pond. 
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3.8.3 Alternative 3: Restoration at Barnaby Slough and Harrison Pond 
 Full restoration of the Barnaby Complex, including removing all dikes and other 

infrastructure associated with both Barnaby Slough and Harrison Pond. 

 Planning level cost range: $4,700,000 - $5,500,000. 

 Key cost assumptions include: 

o Restoring fish passage to elements identified in this alternative for surrounding 

(Other) areas,  

o Removal of the fish barriers and all systems on Barnaby Slough and Harrison Pond, 

including house and sheds and wells, and 

o Removal of the dikes around Barnaby Slough and Harrison Pond. 

 

3.8.4 Alternative 4: Mainstem Restoration 
 Full restoration of the Barnaby Complex, including removing all dikes and other 

infrastructure associated with both Barnaby Slough and Harrison Pond.    

 Actively restore perennial river flow into the Barnaby Slough. 

 Restore Harrison Slough (removing dam at outlet that created the pond and restoring an 

inlet channel from Barnaby Slough) 

 Planning level cost range: $16,400,000 - $19,000,000. 

 Key cost assumptions include: 

o Restoring fish passage to elements identified in this alternative for surrounding 

(Other) areas, 

o Removal of the fish barriers and all systems on Barnaby Slough and Harrison Pond, 

including house and sheds and wells, 

o Removal of the dikes around Barnaby Slough and Harrison Pond, 

o Installation of 5 engineered log jams on Skagit River mainstem, 

o Re-connection of Barnaby Slough to Skagit River mainstem through excavation of 

channel, and 

o Installation of 3,000 LF of large wood structures along the new channel into 

Barnaby Slough. 

 

3.8.5 Relative cost comparison 
The cost of each alternative was also identified relative to the area in acres which represents the 

approximate area within likely construction limits; the unit cost in $/acre is the order-of-magnitude 

cost divided by the acreage as shown in Table 29.   
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Table 29. Conceptual cost estimate summary. 

Description Acres Cost Range* Cost/Acre 

ALTERNATIVE 1  
Fish Passage Maintenance 

95 $ 2.0M - 2.3M $ 21,000 - 24,000 

ALTERNATIVE 2  
Restoration at Barnaby Slough 

100 $ 3.7M - 4.3M $ 37,000 - 43,000 

ALTERNATIVE 3  
Restoration at Barnaby Slough 

& Harrison Pond 
130 $ 4.7M - 5.5M $ 36,000 - 42,000 

ALTERNATIVE 4 
Mainstem Restoration 

250 $ 16.4M - 19.0M $ 65,600 - 76,000 

* Costs are in 2014 dollars 
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4  MITIGATING DESIGN CONSIDERATIONS      

In addition to supporting the selection of a project alternative, a number of the project values 

considered in this assessment need to be included during project design regardless of which 

alternative moves forward, including flood and erosion risks, off-site rearing opportunities and 

recreation. This section describes some of the approaches that will be considered to address these 

project values once a restoration alternative is selected. 

4.1 FLOOD AND EROSION RISK 
The hydraulic and geomorphic analysis indicates that there are fairly substantial risks from 

flooding and erosion in some areas under existing conditions, in particular in the area around 

Martin Road. The analysis also shows relatively small changes to the river channel or floodplain 

condition under Alternatives 1-3, so these flood and erosion risks would be expected to continue 

unchanged. Alternative 4 represents a much more dramatic change to the river and floodplain. The 

analysis shows a minor increase in flood elevations in a few locations during moderate (2-yr) flow 

events (Figure 43), a minor increase in flooding during large (100-yr) flow events upstream of the 

project area, and no increase in flood elevations during large (100-yr) flow events downstream of 

the project area (Map Set E). Alternative 4 would also likely reduce velocities in the main channel 

downstream of the project area which will reduce erosion risks in the Martin Road area and the 

likelihood of an avulsion into Bohs Slough, which would be a benefit to both private property and 

infrastructure (Figure 44). 

Due to its importance for neighboring properties and infrastructure, the project Steering 

Committee will consider changes in flooding and erosion risks in the selection of a preferred 

alternative and in all future design work for the selected alternative. This will include collecting 

more detailed topographic data and developing a higher resolution hydraulic model, identifying 

and evaluating changes in project design that could reduce flooding and erosion risks and working 

with any potentially affected landowners and public agencies to mitigate all identified risks from 

restoration activities. Mitigation activities could include consideration of flood and erosion 

protection structures that will maintain flooding on public or conservation land, improvements to 

floodplain infrastructure that may increase conveyance and reduce flooding or erosion, flood-

proofing infrastructure and buildings, purchasing properties or flood easements from willing 

sellers, or other activities that will address any identified risks from restoration activities. 

4.2 OFF-SITE REARING OPPORTUNITIES 
Historically the Barnaby Complex was used for off-site rearing and release of hatchery steelhead, 

however it has not been used for this purpose since 2007. WDFW does not currently have plans to 

resume steelhead rearing within the Barnaby Complex because off-site rearing with hatchery 

steelhead is not consistent with the steelhead management plan in place for the Skagit watershed.  

However, representatives of WDFW have indicated that they may want to maintain the opportunity 

to use off-site rearing in the future. Because this policy decision has yet to be made, the degree to 

which this element is a design consideration has yet to be determined.   
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The Steering Committee’s approach to this topic was to first describe how the various restoration 

alternatives will impact existing infrastructure dedicated to off-site rearing. In addition, retaining 

the existing ½-acre steelhead rearing pond for future use was specifically considered in 

Alternatives 1 and 2a. In both cases, retaining the pond would reduce the available off-channel 

habitat by approximately ½ acre, which would impact fish use but would not likely change the 

relative comparison of the alternatives. Alternative 2a would change flow conditions in Barnaby 

Slough sufficiently that it may cause erosion or limit the function of the rearing pond, so further 

engineering studies and likely modifications to the pond would be needed before pursuing that 

alternative. Retaining the rearing pond was not considered with Alternative 3 and would not be 

possible with Alternative 4. 

Secondly, the Steering Committee felt it would be important to explore and present a quick review 

of locations that could be suitable for off-site rearing as an alternative to maintaining infrastructure 

at Barnaby. Table 30 provides a summary of sites identified throughout the Skagit River basin that 

have the potential to replace the existing rearing site if it were eliminated by one of the habitat 

restoration alternatives being considered. The existing hatchery facility at Marblemount could 

potentially produce up to an additional 800,000 steelhead smolts beyond the current production 

levels, without the need for any hatchery facility alterations, but this was not considered a viable 

option because there would be no off-site release opportunities. Instead, the Steering Committee 

identified several sites that could be used for some level of off-site rearing, imprinting and/or 

release of steelhead smolts. Although the type and size of any future off-site steelhead rearing 

program is uncertain, the site list was composed of sites with ponds that had previously been used 

for rearing purposes, locations of existing ponds with surface or groundwater flow sources and 

adequate access, or properties where ponds might be constructed. The final evaluation parameter 

involved the identification of ownership type. While some of these sites have been used in the past, 

others are simply ideas and may not be appropriate due to fisheries management issues, site 

conditions, potential habitat impacts, permit challenges, logistics of releasing and managing fish, or 

a variety of other factors. The list is intended to provide a starting point for discussion, but 

substantial additional evaluation will be needed before proceeding with development of any 

particular site. This list and associated map is provided below (Table 30, Figure 56). 
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Table 30. Potential off-site rearing sites 

Area Site Ownership Previously 
used for 
rearing? 

Water 
source 

Comments 

Barnaby 
Reach 

Harrison 
raceways 

TNC Yes Ground and 
Surface 

Two existing concrete raceways at lower end of 
Harrison Pond. One is associated with the existing 
dam/fishway and the other is nearby. Assumes 
minimal changes to Harrison pond. 

 Harrison Pond TNC/SCL Yes Ground and 
Surface 

Rearing in the main Harrison Pond was tried in the 
1960s but most fish were lost to predation. If the 
purpose was only imprinting and releasing fish, this 
could be tried again with net pen structures in the 
ponds. This is SCL wildlife mitigation land, so any 
impacts to wildlife values would need to be 
addressed. 

 Tributary to 
Lucas 

Private No Surface and 
Ground 

Existing slough that is tributary to Lucas Slough, 
upstream of culvert under Martin Ranch Road. 

 Powerline 
Pond 

SCL No Ground Existing pond excavated to create spawning and 
rearing habitat. This is SCL wildlife mitigation land, 
so any impacts to wildlife values would need to be 
addressed. 

Upper Skagit County Line 
Ponds 

SCL Yes Ground This site that was used to rear hatchery winter 
steelhead for several years up until the early 1990s, 
and is currently used as the imprint site for the 
Summer Chinook indicator stock program. The pond 
used for this has an existing control structure and 
several docks. There are also other ponds on the site 
that could be considered. 

 Newhalem 
Ponds 

SCL No Ground  Multiple options including net pens or structures 
installed at the existing upper pond could be 
considered. 
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Area Site Ownership Previously 
used for 
rearing? 

Water 
source 

Comments 

Cascade Cascade Pond Private Yes Ground Privately owned mill pond off of main road approx 1 
mile upstream from hatchery. Dam and water 
control structures installed. Long term involvement 
by the landowner in fish and wildlife enhancement. 

 Cascade River 
Park 

Private No Ground Community-owned pond, with dam and water 
control structures in place. Long term community 
involvement in fish passage and production.  

Sauk Boyd Pond Private Yes Ground Existing mill pond in natural slough that would need 
to be made fish passable, and past efforts to 
accomplish that did not work out. 

 Hyakchuck and 
Tiny Kisutch 

Forest 
Service 

No Surface and 
Ground 

These sites were originally developed for habitat 
enhancement. 

 Trib 1094 Private No Surface Two potential sites: the previous water supply for 
the Town of Darrington and a pond on private 
property shortly downstream. The water supply site 
currently has a dam and control structure. 

 Hilt Creek Private No Surface 
and/or 
Ground 

Seasonal oxbow pond located at the edge of the 
valley wall near Hilt Creek falls. 

Suiattle Boundary 
Creek 

Forest 
Service/Tri
bal 

No Ground Crosses Forest Road 25 south of Boundary Bridge. 

 Suiattle Slough DNR No Surface and 
Ground 

Large series of relic Suiattle River channels with 
history of various fish passage installations and 
enhancements. 

 Seed Orchard 
Slough 

Forest 
Service 

No Surface and 
Ground 

Existing slough that is a tributary to the Suiattle 
River. 

Baker Little Baker Private No Ground Previous gravel mining area that could possibly be 
enlarged. 
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Area Site Ownership Previously 
used for 
rearing? 

Water 
source 

Comments 

 Upper Baker 
Lake 

Forest 
Service 

No Surface Several options, including imprinting in the lake with 
net pens, or developing sites in existing sloughs and 
ponded areas such as Little Park Creek, Channel, 
Creek, and Swift Creek. Downstream fish passage 
for steelhead through the Baker Dams needs to be 
evaluated. 

Middle Skagit Northern State 
Hospital Site 

Private/Co
unty 

No Surface Tributary to Hansen Creek. 

 Vandesaar/Iron 
Mountain 

SCL No Ground Possibility for development of new constructed 
ponds on properties owned by SCL. 

 Hamilton 
Slough/Carey’s 
Lake 

Private No Surface Multiple options could be evaluated at these sites. 

Nookachamps Otter Pond Private No Surface Associated with West Fork Nookachamps below Big 
Lake. 

 Boy Scout 
Camp 

Private No Surface Large existing lake on East Fork Nookachamps 
upstream of Walker Creek. 
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Figure 56. Potential off-site rearing locations. 

 

4.3 RECREATIONAL IMPROVEMENTS 
While the site is not currently managed for recreation, an interest in recreation has been identified 

by stakeholders as a project value. For this reason WDFW and conservation landowners may 

incorporate modest recreational amenities in the Barnaby Reach as part of habitat restoration 

activities. To achieve this objective WDFW or some other entity could implement a project to install 

recreational improvements to the site. Throughout the alternatives assessment we have engaged a 

number of stakeholders and have compiled a few suggestions that deserve further consideration. 

Among others, possible improvements being considered include: 

 Vehicle parking. Small parking area near Martin Road. 

 

 Improved and maintained trails. Improved access trail from parking area to the Skagit River 

for pedestrian use only to enable fishing, bird watching and passive recreation. This would 

likely need to be compliant with the Americans with Disabilities Act (ADA). 

 

 Hunting blind(s). Waterfowl hunting opportunities of the site could be improved by 

providing permanent or semi-permanent hunting blind shelters. 
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 Bird watching platform/blind. In addition to hunting blinds shelters or platforms could be 

installed to improve bird watching activities. Special attention could be given to the 

opportunity to view eagles. Efforts have been made in conjunction with the Skagit River 

Bald Eagle Natural Area to prevent observers from disturbing eagles by walking along the 

banks of the river. A structure built intentionally to avoid disturbing the eagles could be 

provided. 

 

 Interpretive signage. Signs could be provided to explain the history of Barnaby Slough and 

the restoration action, and for the Bald Eagle Natural Area. 

 

In consideration of these opportunities the Steering Committee has recommended that once a 

preferred alternative is selected and work begins to design habitat restoration activities, a 

recreational working sub-group will be established comprised of representatives from each of the 

major landowner groups and interested members of the community to identify options and develop 

a plan for recreational improvements in the Barnaby Reach. This subgroup would then bring 

recommendations back to the Steering Committee for inclusion in the design process.  
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5 EVALUATION RESULTS          

A preferred restoration alternative will be selected by the organizations represented on the 

Steering Committee after receiving input from interested stakeholders. To assist in that selection 

process, this section of the report provides an evaluation and comparison of each alternative. As 

described in the section Project Objectives and Values, the approach to this assessment is to 

evaluate habitat restoration alternatives based on the following identified project values:  

restoration of floodplain processes, effects to fish and wildlife, flood and erosion risks, costs of the 

project including maintenance, maintaining off-site rearing, recreational access, and consistency 

with landowner management goals. Some of these project values, such as recreation and 

maintaining off-site rearing, can be addressed in a variety of ways after a preferred alternative is 

selected as described in the previous section. Other project values will be essential for deciding 

between the alternatives. This section uses the analyses described in this report to evaluate 

alternatives relative to each of these key project values, which include restoration of floodplain 

processes, effects to fish and wildlife, flood and erosion risks, and costs of the project.  

To complete the evaluation, the major findings of this assessment are summarized to compare 

project alternatives for each key project value, and an attempt is made to quantify the effect each 

alternative will have on key project values. To do this, one or more metrics taken from the analyses 

described in this report were selected to represent each project value and alternatives were 

assigned a numbered rating from 0-6 based on the percent change in those metrics using the scale 

in Table 31. Larger ratings indicate a greater effect on the project value, with beneficial results 

classified as a positive rating and detrimental results classified with a negative rating. For example, 

increases in fish habitat and floodplain processes would be assigned a positive rating, whereas 

increases in flood and erosion risks would be assigned a negative rating. A description of how 

restoration alternatives influence each of the key project values and the ratings based on selected 

project metrics are provided below. 

Table 31.  Rating system for evaluating alternatives for key project values 

% Change in 
Selected Metric Rating 

0-5% 0 

5-10% 1 

10-20% 2 

20-30% 3 

30-40% 4 

40-50% 5 

>50% 6 

 



 BARNABY RESTORATION ALTERNATIVES ASSESSMENT November 12, 2014 

 127  
 

5.1 RESTORATION OF FLOODPLAIN PROCESSES  
The hydraulic and geomorphic analyses concluded that despite evidence of the main river channel 

occupying Barnaby Slough in the recent past, there currently is very limited connectivity between 

the main river and the floodplain in the upper portion of the Barnaby reach. Alternatives 1 through 

3 will not likely result in much improvement in floodplain connectivity and as a result will likely 

lead to a loss in the quantity and quality of aquatic habitat as floodplain channels silt in over time.  

Alternatives 1 and 2 will also require varying amounts of ongoing maintenance to retain their 

habitat values. Conversely, Alternative 4 is the only alternative that will result in dramatic 

improvements in floodplain connectivity, which will result in habitat changes and benefits over 

time consistent with natural river processes. Alternative 4 will also result in long-term 

sustainability of resulting habitat and will not require ongoing maintenance to ensure habitat 

benefits over time. 

The metric chosen to evaluate floodplain processes was the area inundated across the entire 

Barnaby reach during the 2-year flow condition taken from Table 14  presented again along with 

relative percent change and a numerical rating in Table 32. This metric indicates very little change 

for Alternatives 1-3 and a substantial increase in floodplain connectivity for Alternative 4. 

Table 32. Change in inundation area for the 2-yr flow for the Barnaby Reach (RM 68-71.4) 

2-yr flow results for entire reach Existing Alt 1 Alt 2 Alt 3 Alt 4 

Total area (ac) 846.3 846.3 866 864.1 1234.5 

Change compared to existing (ac)   0 19.7 17.8 388.2 

Change compared to existing (%)   0.0% 2.3% 2.1% 45.9% 

Rating   0 0 0 5 

 

5.2 EFFECTS TO FISH   
Existing passage barriers prevent fish from accessing substantial amounts of off-channel and 

tributary habitat. By correcting these barriers, all alternatives improve conditions to all fish species 

that currently use the project area. The analysis suggests that coho, which rely heavily on tributary 

and off-channel habitat, may benefit the most from Alternatives 1-2 which restore fish passage to 

substantial amounts of off-channel habitat. Other fish species will also receive moderate benefits 

from these alternatives. Alternative 3 provides similar benefits although slightly less than 

Alternatives 1-2. Alternative 4 goes well beyond providing passage to existing habitats and is 

expected to add more than 2.5 miles of length to the Skagit River channel and over 3 miles of side 

channel. It will convert some existing off-channel habitat to these new habitat types so the benefits 

to coho may be somewhat similar to Alternatives 1-2, but provides much more benefit to pink, 

chum, Chinook, and steelhead than any of the other alternatives. In addition, as described above, 

Alternative 4 is expected to be self-sustaining and to maintain or potentially increase habitat value 

over time. The overall benefits to multiple fish species for Alternative 4 greatly exceed all other 

alternatives considered. 
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The metric used to evaluate the effects of project alternatives on fish was the estimate of Chinook 

smolts produced from Table 25 presented again along with relative percent change and a numerical 

rating in Table 33. Chinook smolt production was chosen because it a common metric used for 

planning and evaluating restoration projects in the Skagit River basin and it provides a simple way 

to quantify the effects of each alternative that is consistent with methods used in the Skagit Chinook 

Recovery Plan (SRSC and WDFW, 2005). This metric shows a relatively similar benefit to fish from 

Alternatives 1-3 compared to existing conditions, and much more dramatic benefits to fish from 

Alternative 4. 

Table 33. Chinook smolt production estimated by alternative for the Barnaby reach (RM 68-71.4) 

Chinook smolt production for entire reach Existing Alt 1 Alt 2 Alt 3 Alt 4 

Total Chinook smolts 174,920 187,159 188,154 185,122 345,184 

Change relative to existing   12,239 13,234 10,202 170,264 

Change relative to existing (%)   7.0% 7.6% 5.8% 97.3% 

Rating   1 1 1 6 

 

5.3 EFFECTS TO WILDLIFE 
The four action alternatives would generally benefit wildlife due to the improved natural processes 

and increased vegetation structural diversity.  However, given the wide diversity of wildlife species, 

not all species would benefit. Species that use forests and wetland/riparian communities would 

benefit from infrastructure removal while the species most closely associated with ponded water 

areas, such as diving ducks and waterbirds would experience reduced habitat availability. Under 

Alternative 1, habitat for birds that use open water would decline by about 16 acres but the lower 

water levels will improve conditions for wetland and riparian vegetation that supports many bird, 

mammal and amphibian species. The areas would still provide good habitat for the small number of 

ducks that use the sloughs during the fall, winter, and spring. Removal of the infrastructure at 

Barnaby under Alternative 2 and at both Barnaby and Harrison under Alternative 3 would increase 

overall wetland and riparian habitat diversity slightly from existing conditions, with Alternative 3 

causing the a more significant change from open ponded aquatic habitat to lotic habitats bordered 

by wetland and riparian plant communities, although the total area inundated by two-year flows 

would be nearly identical under these two alternatives.    

Under Alternative 4, there would be a substantial increase in aquatic and wetland/riparian habitat 

complexity for wildlife due to the reconnection of the river channel into Barnaby Slough and the 

more natural flooding, scouring and depositional processes. There would be some upland/riparian 

habitat lost from channel excavation but this would be compensated for by the increased riparian 

diversity in an area that is now dominated by invasive Himalayan blackberry.   

Under all alternatives, Upper Harrison Slough, which supports an abundant breeding amphibian 

population, good bat foraging habitat and secluded habitat for waterfowl and bald eagles would 

likely be minimally affected because it receives its water from groundwater and the water levels are 
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largely controlled by beaver dams. The types of changes would be similar to these those at False 

Lucas Slough.  

Evaluating changes to all wildlife species with diverse habitat needs with a single metric is difficult, 

so the primary focus of this assessment is wetland and riparian associated species. For this, we 

used the 2-year flood inundation area as an index to the amount of area outside the river channel 

that will be periodically inundated and thus able to support diverse wetland and riparian plant 

communities. Because the index does not capture all of the changes that would occur, particularly at 

Harrison Pond, we also include a qualitative summary of effects of alternatives on these habitats 

using professional judgment (Table 34). Alternative 4 showed an increase of 339 acres (57%) of 

terrestrial habitat that would be inundated under 2-yr flows compared to existing conditions (Table 

27) which would provide substantial benefits to many wetland- and riparian-dependent wildlife 

species. This result combined with the overall increased habitat diversity from restored river 

processes justifies a high rating for Alternative 4. While alternatives 1-3 all show substantially less 

or no change in this habitat metric, it is anticipated that each of these alternatives would increase 

habitat diversity from removal of infrastructure. For this reason, the final ratings were modified to 

include some of the anticipated benefits to riparian and wetland habitat described in the wildlife 

assessment that are not be fully captured by the 2-yr flow metric. These ratings indicate increasing 

wildlife benefits for Alternatives 1 to 3, and more dramatic benefits from Alternative 4. 

Table 34. Change in terrestrial habitat inundated in 2-yr flood by alternative for the Barnaby Reach (RM 68-71.4) 

and overall anticipated change in riparian and wetland habitat. 

2-yr flow results on terrestrial habitat 
for the entire reach  Alt 1 Alt 2 Alt 3 Alt 4 

Change relative to existing (%) 
Very slight 

change 
Similar to 

Alt 3 2.5% 57.4% 

2-yr flow rating 0 0 0 6 

Anticipated change in riparian and 
wetland habitat relative to existing 

Slight 
increase  

Moderate 
increase  

Moderate to 
high increase  High increase  

Overall rating 1 2 4 6 

 

5.4 FLOOD AND EROSION RISKS 
The hydraulic and geomorphic analysis indicates that there are fairly substantial risks from 

flooding and erosion in some areas within the project reach under existing conditions. The analysis 

also shows relatively small changes to the river channel or floodplain condition under Alternatives 

1-3, so the substantial flooding and erosion risks evident under existing conditions, particularly 

near Martin Road, would be expected to continue unchanged within the project area. Alternative 4 

represents a much more dramatic change to the river and floodplain. The analysis shows a minor 

increase in flood elevations in a few locations during moderate (2-yr) flow events but no increase in 

flood elevations during large (100-yr) flow events downstream of the project area (Figure 43, Map 

Set E). Alternative 4 would likely also reduce velocities in the main channel downstream of the 

project area which will reduce erosion in the Martin Road area and the likelihood of an avulsion 

into Bohs Slough (Figure 44, Map Set E). There is also a minor increase in flooding upstream of the 
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project area during both minor and major flood events with Alternative 4 (Map Set E). Increases in 

flooding during large (100-yr) flow events could affect SR 20. It is expected the identified flood risks 

can be addressed during the design phase by modifying the log jam design in the main channel 

and/or flood-proofing existing infrastructure. In addition, the lower velocities in the mainstem are 

a significant and reach-wide benefit over existing conditions that will result in an overall reduction 

of erosion risks with Alternative 4. 

The metrics used to evaluate the effect of project alternatives on flood risks was the change in 

inundated area throughout the Barnaby Reach during the 100-yr flow and the change in inundated 

area downstream of the project during the 2-yr flow. These metrics were taken from Table 13 and 

Table 14 and are presented again along with relative percent change and a numerical rating in 

Table 35 and Table 36. The 100-yr flow shows very little change from any of the project 

alternatives, but the 2-yr flood shows an 18.2% increase in inundation area, which resulted in a 

rating of -2 to indicate an increase in flood risk during 2-yr flows. 

Table 35. Change in inundation area for the 100-yr flow by alternative for the Barnaby Reach (RM 68-71.4). 

100-yr flow results for entire reach Existing Alt 1 Alt 2 Alt 3 Alt 4 

Total area (ac) 2158.3 2158.3 2160.7 2156.6 2172.5 

Change compared to existing (ac)   0 2.4 -1.7 14.2 

Change compared to existing (%)   0.0% 0.1% -0.1% 0.7% 

Rating   0 0 0 0 

 

Table 36. Change in inundation area for the 2-yr flow by alternative for the reach downstream of the project area 

(RM 68-70). 

2-yr flow results downstream of project Existing Alt 1 Alt 2 Alt 3 Alt 4 

Total area (ac) 738.9 738.9 732.2 729.9 873.3 

Change compared to existing (ac)   0 -6.7 -9 134.4 

Change compared to existing (%)   0.0% -0.9% -1.2% 18.2% 

Rating   0 0 0 -2 

 

The metric used to evaluate the effect of project alternatives on erosion risk was the change in 

average basal shear stress along the channel toe downstream of the project. This metric was taken 

from Table 15 and is presented again along with relative percent change and a numerical rating in 

Table 37. This metric shows no change in erosion risk for Alternatives 1-3, and a reduction in 

erosion risk from Alternative 4. 
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Table 37. Change in average basal shear stress by alternative for the reach downstream of the project area (RM 68-

70). 

Shear stress downstream of project Existing Alt 1 Alt 2 Alt 3 Alt 4 

Average shear (lbs./ft2) 0.282 0.282 0.285 0.282 0.210 

Change relative to existing (%)   0.0% 1.0% -0.1% -25.5% 

Rating   0 0 0 3 

 

5.5 COSTS  
Costs are not assigned a rating system but are provided as a range of anticipated costs for each 

alternative taken from Table 29 and presented again in Table 38. Costs are lowest with Alternative 

1, however, infrastructure will stay in place at Harrison and Barnaby so ongoing and regular 

maintenance will be required to maintain fish passage at those locations. Alternative 2 is more 

expensive although by removing infrastructure at Barnaby it would eliminate ongoing maintenance 

there which would is expected to be the largest ongoing maintenance cost. Alternative 3 is even 

more expensive but would eliminate the need for ongoing maintenance, but actually has less benefit 

for fish. While ongoing maintenance is factored into the total cost estimates, it is likely that near-

term construction actions would likely be funded by grants for habitat restoration, whereas the 

ongoing maintenance costs are more likely to require funds from the landowners over time.  

Alternative 4 is the most expensive alternative but the benefits greatly exceed the other alternatives 

so may warrant the additional cost.   

Table 38. Summary of anticipated cost ranges for each alternative. 

 

Alt 1 Alt 2 Alt 3 Alt 4 

Cost range $2.0M – $2.3M $3.7M – 4.3M $4.7M – 5.5M $16.4M – 19.0M 

 

5.6 EVALUATION SUMMARY 
This assessment has provided an evaluation of four different habitat restoration alternatives for 

improving conditions for fish and wildlife in the Barnaby Reach of the Skagit River. Change results 

are summarized in Table 39. Based on the analyses described in this report, Alternatives 1-3 

provide relatively similar benefits to fish habitat, will result in minimal change to flooding and 

erosion risks compared to existing conditions, and will not restore floodplain processes. In moving 

from Alternatives 1 to 3, benefits to wildlife increase, costs increase, and long-term maintenance 

requirements go down. Alternative 4 provides by far the greatest benefits to fish and wildlife, is the 

only alternative that actively restores floodplain processes, and has no anticipated long-term 

maintenance requirements. Alternative 4 is also the most expensive and represents the largest 

change to floodplain processes, so it is also the only alternative that may change flood and erosion 

risks in the project reach. The analysis completed so far suggests there could be a modest increase 

in flood heights during 2-year flow events in some areas and there may be a reduction in risks from 
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erosion downstream from the project area. The flood risks may be mitigated through refinements 

to the design, conservation purchases, and flood-proofing private properties and infrastructure.   

Table 39. Summary of changes in project values from each restoration alternative compared to existing 

conditions. 

Project Value Alt 1 Alt 2 Alt 3 Alt 4 

Floodplain connectivity 0 0 0 5 

Fish 1 1 1 6 

Wildlife 1 2 4 6 

Flood risk  0 0 0 -2 

Erosion risk 0 0 0 3 

Cost range $2.0M – $2.3M $3.7M – 4.3M $4.7M – 5.5M $16.4M – 19.0M 
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6 PREFERRED ALTERNATIVE AND NEXT STEPS     

The Barnaby Project Steering Committee will be selecting a preferred restoration alternative based 

on the assessment described in this report and on comments and input from agencies, stakeholders, 

and other interested parties.  Several meetings will be scheduled with specific stakeholder groups 

and the public to discuss the results of this assessment, answer questions, and to provide a forum 

for comments on the project. In addition, comments can be provided on the project web site at any 

time:  http://www.barnabystudy.wordpress.com 

Currently, a higher resolution hydraulic model is being developed to provide more detailed 

information about potential flood risks and how they may be addressed. Once a preferred 

alternative is selected, work will proceed to complete design work for that alternative. 

  

http://www.barnabystudy.wordpress.com/
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