South Prairie Creek - Alternatives Analysis Matrix – Natural Systems Design, 12/16/13	 
	Consideration
	Alternative 1 – restoration of pre-incised mainstem channel profile 
	Alternative 2 – partial restoration of pre-incised mainstem channel profile with inset floodplain area
	Alternative 3 – partial restoration of channel profile with restoration of anabranching channels in floodplain areas

	Attributes
	Focus on mainstem channel - Installation of log and boulder grade control structures to increase bed height approximately 2-3 ft through project reach to engage lower floodplain surfaces  when flows exceed formative discharge (1,880 cfs) assumed to be bankfull flow prior to channel incision.  Additional wood placements will be included to increase channel roughness to reduce sediment transport capacity and raise water elevations, create pools with complex cover and create better defined low flow channel.   
Floodplain - No excavation or structures on either right or left bank floodplain.  Mainstem channel improvements will increase erosion of alluvial banks in acceptable locations and trigger new channel and wetland formation on low lying sandy areas of the floodplains.    	Comment by Tim Abbe: I thought one of proposal alternatives was an inset floodplain with only minimal grade control. 
Vegetation – aggressive planting of floodplain riparian community on both left and right banks to restore native Thuja plicata (Western Red Cedar) forest – including successional species of red alder, black cottonwood and big leaf maple.
	Mainstem – installation of log structures and grade control structures in mainstem S. Prairie Creek to increase bed height approximately 2-3 ft and engage portions of lower floodplain surfaces when flows exceed formative discharge (1,880 cfs).  
Floodplain – excavation of short floodplain channel inlets at upstream end of floodplain to connect flood flows with low-lying downstream floodplain areas on either side of mainstem.  Size channels for flood relief sufficient to avoid upstream increase in flood level and initiate formation side channels. Minor installation of wood structures in highly erodible floodplain areas to improve development of side channels and protect floodplain re-vegetation. 
Vegetation – aggressive planting of floodplain riparian community on both left and right banks to restore native Thuja plicata (Western Red Cedar) forest – including successional species of red alder, black cottonwood and big leaf maple.
	Mainstem – installation of log structures and grade control structures in mainstem S. Prairie Creek to increase bed height approximately 3-4 ft and engage portions of lower floodplain surfaces when flows exceed formative discharge (1,880 cfs).    
Floodplain – excavation of floodplain channels for flood relief sufficient to avoid upstream increase in flood level. 
Side-channels – cut side-channels at elevations to begin capturing flow at base flow conditions to create perennial anabranch channel. Vary elevations of side-channels to balance flow splits to maintain prescribed depth in mainstem and side channels – elevations TBD.
Vegetation – aggressive planting of floodplain riparian community on both left and right banks to restore native Thuja plicata (Western Red Cedar) forest – including successional species of red alder, black cottonwood and big leaf maple.Installation of  native wetland plant communities on those areas graded to create wetland complexes adjacent to side-channels.

	Large wood
	Maintem – grade control structures to be channel-spanning wood/boulder matrix creating riffles. Log jams installed along channel edges for pool formation and in-stream cover, with possible full-spanning logs for overhead cover and debris accumulation.
	Maintem – grade control structures to be channel-spanning wood/boulder matrix creating riffles. Log jams installed along channel edges for pool formation and in-stream cover, with possible full-spanning logs for overhead cover and debris accumulation.
Floodplain – log structures at floodplain channel inlets. Install floodplain roughness structures installed across floodplain to encourage ephemeral channel development.
	Maintem – grade control structures to be channel-spanning wood/boulder matrix creating riffles.  Log jams installed along channel edges for pool formation and in-stream cover, with possible full-spanning logs for overhead cover and debris accumulation.
Floodplain – log structures at floodplain channel inlets for flow splitting and formation of pools with cover and refuge.
Side Channels – log structures installed throughout length of channels for channel stability, pool formation and in-stream cover

	Long-term landscape evolution
	Long-term adjustments to mainstem channel due to anticipated sediment transport will likely trigger ephemeral flood-flow channel development in floodplain on both sides of channel.  Alternative with highest uncertainty on channel evolution, particularly the mainstem since it will still accommodate 100% of bankfull flow.  
	Mid-term adjustments to mainstem channel due to anticipated sediment transport causing aggradation in main channel and increased flows through floodplain channel over time.  Will likely trigger short-term creation of ephemeral flood-flow channel development in floodplain on both sides of channel, followed by potential long-term development of channels with sufficient depth and cross-section to may have perennial flow.  Mainstem channel response is reduced from Alternative 1 given that portion of bankfull flow is routed into floodplain side channel.
	Short-term adjustments to side-channel plan form as incoming sediment and flow adjusts to new grading and achieve dynamic stability over first 5 years. Vertical adjustments likely fairly limited overall.
Alternative with lowest uncertainty of channel evolution and highest probability of achieving project goals.   Flow split into floodplain channels will occur well below bankfull flow, so Alternative 3 will have most significant reduction in erosion potential in the mainstem channel.

	Risk Elements
	Mainstem channel adjustments will continue over time, possibly with bank erosion and planform adjustment of mainstem channel.
Increased floodplain connectivity will invoke development of secondary channels and wetland areas on the floodplain that will impact revegetation areas.  
Increased flood elevations likely to impact FEMA compliance.
	Mainstem channel adjustments will continue over time at a lower rate than alternative 1, likely with areas of mainstem aggradation and planform adjustment of floodplain channels
Increased floodplain connectivity will invoke development of secondary channels and wetland areas on the floodplain that will impact revegetation areas.
Assumption is that extent of excavation will be adjusted to demonstrate no impact on FEMA flood zones.
	Plan-form adjustments to side-channel alignments likely; installation of large wood complexes can help guide adjustments towards morphologically-appropriate outcomes. Sediment fining in mainstem will result in planform adjustments of the mainstem, likely remaining within existing channel boundaries.
Alternative has highest probability of FEMA compliance.
[bookmark: _GoBack]May need to build control structure to prevent increased flood flow into existing downstream restoration area.

	Floodplain Engagement 
	Lower floodplain engaged along both sides of channel.
	Lower floodplain engaged along both sides of channel.
	Floodplain engaged along both sides of channel.

	Upstream Flood Level Impacts
	Likely to increase upstream flood levels outside of project limits, zero-rise certification unlikely.
	Excavate flood relief areas in both south and north floodplain areas sufficient to not elevate flood levels upstream of project limits.  Zero-rise certification may require expansion of excavation limits.
	Excavate flood relief areas in both south and north floodplain areas sufficient to not elevate flood levels upstream of project limits.  Highest confidence that zero-rise certification can be done.

	Permitting 
	Requires permits from WDFW, Corps, ESA review.  May also require SEPA and local permits unless waived. 
	Requires permits from WDFW, Corps, ESA review.  May also require SEPA and local permits unless waived.
	Requires permits from WDFW, Corps, ESA review.  May also require SEPA and local permits unless waived.

	Archaeology
	No excavation on floodplain, so no potential archaeological issues.
	Excavation on floodplain may have potential archaeological issues, but appears to be outside sensitive areas identified in preliminary archaeological survey.
	Excavation on floodplain may have potential archaeological issues, but appears to be outside sensitive areas identified in preliminary archaeological survey.

	Fisheries benefits
	Good, but focused on mainstem. Longest timeline for floodplain benefits to be realized and highest uncertainty of site evolution. 
Mainstem – improved spawning due to sediment fining downstream of log structures and general sediment grain size reduction due to reduction in shear stress. Enhanced holding and refugia from increased number of pools formed by log structures.
Floodplain – improved flood refugia due to increased floodplain connectivity and development floodplain wetlands.  
	Very Good, focus on mainstem, initiation of floodplain habitat formation with benefits to develop over time. More uncertainty regarding the rate and magnitude of site evolution.
Mainstem – improved spawning due to sediment fining downstream of log structures and general sediment grain size reduction due to reduction in shear stress. Enhanced holding and refugia from increased number of pools formed by log structures.
Floodplain – immediate creation of off-channel refugia areas during moderate to high flows.  Over time floodplain wetlands and side channels will develop and become more available.
	Excellent, several fold increase in aquatic and floodplain habitat. Shortest timeline for benefits to be realized and lowest uncertainty in site evolution. 
Mainstem – 200 to 300% increase in total channel length and aquatic habitat.  improved spawning due to sediment fining downstream of log structures and general sediment grain size reduction due to reduction in shear stress. Enhanced holding and refugia from increased number of pools formed by log structures. Floodplain – immediate creation of off-channel refugia for widest range of flows, including non-flood events..
Side channels –creation of spawning and rearing habitat in up to 6,000 ft of side-channel habitat.

	Constructability considerations
	Construct-able.  Mainstem activities will need to be constructed during the fish window with channel dewatering / bypass techniques.  Planting activities can occur outside of fish window.
	Construct-able. Mainstem activities will need to be constructed during the fish window with channel dewatering / bypass techniques.  Floodplain grading and planting activities can occur outside of fish window. Floodplain grading will require stream crossing for equipment access.
	Construct-able. Mainstem activities will need to be constructed during the fish window. In-water work could be minimized by first constructing the floodplain channels, then diverting flow into the floodplain channels while completing work on the mainstem. Floodplain grading, majority of side-channel construction and all planting activities can occur outside of fish window. Floodplain grading and side channel construction will require stream crossing for equipment access.  Cut material from south floodplain area placed on south terrace.  Cut material from north floodplain area relocated into upland hummocks between channel segments / wetland areas.

	Floodplain/wetland habitat
	Floodplain habitat will consist of riparian community with prevalent “wet-foot” species preference. Uncertain wetland benefits.  
	Floodplain will be wetter communities transitioning to wetland habitats in low areas, increasing in value with fine sediment deposition and vegetation shifts over time.
	Highly likely wetland community formation in floodplain areas associated with side channel construction.  Floodplain communities will be mix of wet-foot species and upland communities on soil hummocks in floodplain areas.

	Cost
	$ - lowest cost
	$$ - middle cost
	$$$ - highest cost

	structural integrity
	High structural integrity.  Some risk of channel getting around grade control structures.
	High structural integrity of mainstem elements. Likely deformation of floodplain elements.  Stable wood structures will be placed at side channel inlet and in floodplain to influence channel development and enhance habitat as side channel develops.
	High structural integrity of mainstem elements. Likely deformation of lateral edges of side-channels.  Additional wood structures will be placed in and along the new floodplain channel to reduce uncertainty of how channel develops and ensure desired sinuosity and in-stream habitat is maintained under different channel evolution scenarios.  

	Geologic  considerations
	Sand layer on floodplain will be subject to deformation in first 10 years prior to riparian vegetation becoming established.  Planting plan could influence formation of ephemeral flood channels through altering stem density and root mass to leave “softer” vegetation in those low areas likely to develop ephemeral channels.
	Sand layer on floodplain will be subject to deformation in first 10 years prior to root mass becoming established.  Flood channel lateral boundaries will likely deform during large flood flows.  Vertical elevation of cobble / boulder layer approx. 4-6 ft below surface will likely provide vertical control to flood channels.  
	Sand layer on north floodplain will be subject to deformation by shear stresses associated with flows in side-channels.  Vertical elevation of cobble / boulder layer approx. 4-6 ft below surface will likely provide vertical control to side channels.  

	Hyporheic considerations
	No significant change to existing hyporheic inputs to mainstem channel, but increased water levels in mainstem will improve hyporheic flow into floodplain areas.  Increased floodplain inundation will increase hyporheic inputs during recessional periods of hydrograph.
	No immediate change to existing hyporheic inputs, but increased water level in mainstem will improve hyporheic flow into floodplain areas.. Increased floodplain inundation will increase hyporheic inputs during recessional periods of hydrograph. If perennial channels develop, groundwater input may occur in deeper sections of those channels.
	Excavated channels in floodplain may benefit from groundwater inputs.  In best case, spring-fed conditions of flowing cool water inputs may occur in excavated floodplain channels  – TBD based on seasonal elevation variations.  Additional flow in new floodplain channel and inundation of floodplain wetlands will increase hyporheic exchange throughout the project site. 

	Potential Additional design elements
	Localized channel grading adjustments could be performed in conjunction with wood installation to enhance in-channel habitat and increased sinuosity of low-flow channel.  
	Could expand flood relief channels to also incorporate grading to promote wetland formation.
	Could also excavate channels to increase complexity of the spring-fed channel along the north slope.  Could expand side channel grading to incorporate grading to promote wetland formation.



