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SR X MP XX.XX NAME OF CREEK Creek (WDFW ID): Preliminary (or “Final” if this is final) Hydraulic Design Report
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Photograph of the creek should include the inlet or outlet WITH water flowing in the creek. If there is no water in the creek at the time of the site visit and no photo is available, please contact HQ Hydraulics.
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Please do not modify the document without talking with HQ Hydraulics first. The purpose of the template is to maintain consistency state wide for fish passage projects and make the review of the document easier for the Tribes and WDFW. Changes made to the document may warrant a template update.
Each stream crossing should have a separate design document for it, unless approved by HQ Hydraulics. 
Rounding to the nearest 10th is the level of accuracy desired for all elevations, ratios, velocities, etc. 


[bookmark: _Toc44516519]Introduction
To comply with United States, et al vs. Washington, et al No. C70-9213 Subproceeding No. 01-1 dated March 29, 2013 (a federal permanent injunction requiring the State of Washington to correct fish barriers in Water Resource Inventory Areas (WRIAs) 1-23), the Washington State Department of Transportation (WSDOT) is proposing a project to provide fish passage at the SR X crossing of NAME Creek at Mile Post (MP) XX.XX.  This existing structure on SR X has been identified as a fish barrier by Washington Department of Fish and Wildlife (WDFW) and WSDOT Environmental Services Office (ESO) (Site ID SITE NUMBER) and has an estimate X LF of habitat gain. 
Per the injunction, and in order of preference, fish passage should be achieved by (a) avoiding the necessity for the roadway to cross the stream, (b) use of a full span bridge, or (c) use of the stream simulation methodology. WSDOT evaluated the crossing Describe the Specific Strategy selected for the specific crossing and why it was selected. 
The crossing is located in NAME County X miles north of NEAREST CITY/TOWN/CORNER WITH NAME, WA in Water Resource Inventory Area (WRIA) X.  The highway runs DIRECTION-DIRECTION at this location and is about X feet from the confluence with WATER BODY (if confluence nearby).  CREEK NAME generally flows DIRECTION TO DIRECTION beginning in LOCATION upstream of the SR X crossing. (Add additional information about the creek as necessary ) (See Figure 1 for the vicinity map). 
The proposed project will replace the existing STRUCTURE TYPE, LENGTH, DIAM./WIDTH with structure designed to accommodate a minimum hydraulic opening of X. The proposed structure is designed to meet the requirements of the federal injunction using the DESIGN METHODOLOGY (confined/unconfined bridge or stream simulation design criteria) as described in the 2013 WDFW Water Crossing Design Guidelines (WCDG). This design also meets the requirements of the WSDOT Hydraulics Manual. 
If there are any design deviations summarize those briefly here and state whether agreement with WSDOT, WDFW and Tribes has been met and if so, which parties. I.E. “, with the exception of freeboard, which is further discussed in Section X.X and has been approved by the State Hydraulic Engineer and concurrence with WDFW and NAME OF TRIBE has been reached.” If a type of structure is recommended, state that here as well. I.E. (A bridge is recommended at this site rather than a buried structure due to fill depth and potential for long term degradation). If no structural recommendation is made, also state that. (Structure type is not being recommended by Headquarters Hydraulics and will be determined by others at future design phases.)
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[bookmark: _Ref12879839][bookmark: _Toc36198922]Figure 1: Vicinity map
The Vicinity Map should clearly show the crossing, a north arrow, a map in the upper corner showing its relation to the state, and the distance to nearest towns.
[bookmark: _Toc31208658][bookmark: _Toc31209191][bookmark: _Toc31209357][bookmark: _Toc31209523][bookmark: _Toc31209689][bookmark: _Toc31209855][bookmark: _Toc31210021][bookmark: _Toc31210189][bookmark: _Toc31208659][bookmark: _Toc31209192][bookmark: _Toc31209358][bookmark: _Toc31209524][bookmark: _Toc31209690][bookmark: _Toc31209856][bookmark: _Toc31210022][bookmark: _Toc31210190][bookmark: _Toc31208662][bookmark: _Toc31209195][bookmark: _Toc31209361][bookmark: _Toc31209527][bookmark: _Toc31209693][bookmark: _Toc31209859][bookmark: _Toc31210025][bookmark: _Toc31210193][bookmark: _Toc31208663][bookmark: _Toc31209196][bookmark: _Toc31209362][bookmark: _Toc31209528][bookmark: _Toc31209694][bookmark: _Toc31209860][bookmark: _Toc31210026][bookmark: _Toc31210194][bookmark: _Toc31208664][bookmark: _Toc31209197][bookmark: _Toc31209363][bookmark: _Toc31209529][bookmark: _Toc31209695][bookmark: _Toc31209861][bookmark: _Toc31210027][bookmark: _Toc31210195][bookmark: _Toc31208665][bookmark: _Toc31209198][bookmark: _Toc31209364][bookmark: _Toc31209530][bookmark: _Toc31209696][bookmark: _Toc31209862][bookmark: _Toc31210028][bookmark: _Toc31210196][bookmark: _Toc31208666][bookmark: _Toc31209199][bookmark: _Toc31209365][bookmark: _Toc31209531][bookmark: _Toc31209697][bookmark: _Toc31209863][bookmark: _Toc31210029][bookmark: _Toc31210197][bookmark: _Toc31208667][bookmark: _Toc31209200][bookmark: _Toc31209366][bookmark: _Toc31209532][bookmark: _Toc31209698][bookmark: _Toc31209864][bookmark: _Toc31210030][bookmark: _Toc31210198][bookmark: _Toc31208668][bookmark: _Toc31209201][bookmark: _Toc31209367][bookmark: _Toc31209533][bookmark: _Toc31209699][bookmark: _Toc31209865][bookmark: _Toc31210031][bookmark: _Toc31210199][bookmark: _Toc31208669][bookmark: _Toc31209202][bookmark: _Toc31209368][bookmark: _Toc31209534][bookmark: _Toc31209700][bookmark: _Toc31209866][bookmark: _Toc31210032][bookmark: _Toc31210200][bookmark: _Toc31208670][bookmark: _Toc31209203][bookmark: _Toc31209369][bookmark: _Toc31209535][bookmark: _Toc31209701][bookmark: _Toc31209867][bookmark: _Toc31210033][bookmark: _Toc31210201][bookmark: _Toc31208671][bookmark: _Toc31209204][bookmark: _Toc31209370][bookmark: _Toc31209536][bookmark: _Toc31209702][bookmark: _Toc31209868][bookmark: _Toc31210034][bookmark: _Toc31210202][bookmark: _Toc31208672][bookmark: _Toc31209205][bookmark: _Toc31209371][bookmark: _Toc31209537][bookmark: _Toc31209703][bookmark: _Toc31209869][bookmark: _Toc31210035][bookmark: _Toc31210203][bookmark: _Toc31208673][bookmark: _Toc31209206][bookmark: _Toc31209372][bookmark: _Toc31209538][bookmark: _Toc31209704][bookmark: _Toc31209870][bookmark: _Toc31210036][bookmark: _Toc31210204][bookmark: _Toc31210205][bookmark: _Toc44516520][bookmark: _Ref16671149][bookmark: _Ref16671157]Watershed and Site Assessment
[bookmark: _Toc14276859][bookmark: _Toc31210206][bookmark: _Toc44516521]Watershed & Landcover
Briefly describe the condition and trends in the contributing area, including:
· Size and location of watershed
· Major tributaries
· Topography
· Land Cover
· Prevailing land uses
· Include a watershed/landcover map

[bookmark: _Toc44516522]Geology and Soils
· Look into geology using existing mapping/studies, at the finest resolution available. Broad groupings of lithologic units are acceptable.  Consider the effects on water and sediment runoff, water storage, landslides, surface erosion, etc. Include surficial geology map as a figure.
· Include soils only if relevant to the problem, causing sediment contribution, influencing runoff, etc. and include an applicable figure
[bookmark: _Floodplains][bookmark: _Toc31210207][bookmark: _Toc44516523][bookmark: _Toc524423395]Floodplains
[bookmark: _Toc31210208]Describe the floodplain and whether or not the roadway is within the mapped floodplain, floodplain zone, etc. If relevant, include flood history of the site and the surrounding area, high water marks, and nature and extent of flooding.
[bookmark: _Toc44516524][bookmark: _Toc524423396][bookmark: _Ref31186091][bookmark: _Toc31210209]Site Description
Nature and history of the problem.
· Current reasons for the barrier status (velocity, outfall drop, low-flow barrier). How does this negatively affect fish habitat(limited sediment/debris transport, etc)?
· Status as a Chronic Environmental Deficiency (CED) or failing structure (if applicable) and obtain). Obtain CED information from WSDOT HQ Hydraulics..
· Maintenance and emergency repair history, including frequency and nature of the problem or repairs (sediment deposition, flooding, dredging, etc). Obtain maintenance information from HQ Hydraulics. State whether information is/is not available 
· Total length of habitat gain
[bookmark: _Toc44516525]Fish Presence in the Project Area
Fill in the table below and briefly summarize the completeness and accuracy of the fish use and habitat data available for the crossing location. Suggestions for data sources include SWIFD, spawner surveys other biological observations, WDFW Fish passage database, RSFS data, WDFW scoping report, WDFW scoping biologists. This information should be used throughout the design process to make sure the stream is designed for the appropriate fish life.
[bookmark: _Ref35865206][bookmark: _Toc36198944]Table 1:	Native fish species potentially present within the project area.
	Species
	Presence (Presumed, Modeled, or Documented)
	Data Source 
	ESA Listing

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


[bookmark: _Toc44516526]Wildlife Connectivity
Indicate whether WSDOT has deemed this a high, medium, or low wildlife priority route.  Any design considerations will be added in a later section.
[bookmark: _Toc44516527]Site Assessment 
Description of the crossing location and immediate vicinity. Additional headings may be needed for this section. The purpose of this section is to describe the context of the crossing location and identify factors that should be addressed as part of the project. Provide photos of the crossing structure and relevant features, or aerial photos as necessary.
[bookmark: _Toc44516528]Data Collection
· Date of site visit(s) and survey. If the site visit with WDFW/Tribes has not happened yet, be sure to state that
· Distance of survey
· Summarize field report and refer to the appendix (Appendix B). Also state bankfull widths are summarized in Section 2.7.2.
[bookmark: _Ref33022809][bookmark: _Ref33022817][bookmark: _Toc44516529]Existing Conditions
· Existing structure, including size (length, diameter, shape), gradient, materials, condition, alignment, fill depth, relevant history from as-builts. State whether as-builts were or were not obtained
· Stream conditions in the immediate vicinity of the crossing, including upstream, downstream and through the crossing (such as gradient at the crossing, channelized, at a grade break, near a headcut, on an alluvial fan, well-vegetated, etc.).
· Local constraints or infrastructure in the immediate vicinity.
· Obvious signs of maintenance activity
· How all of the above impact fish life-look at WDFW database site, feature, habitat reports and RSFS Excel Spreadsheet
[bookmark: _Toc31793877][bookmark: _Toc44516530]Fish Habitat Character and Quality
Requires site visit, preferably with the Interdisciplinary Team, but also review with WDFW culvert data and habitat survey.
· Describe the fish habitat character and quality adjacent to the crossing, both upstream and downstream. 
· Highlight any important features for salmonid spawning and rearing. Are there spawning gravels, pools, wood features, riparian cover? 
· Describe which species and lifestages are likely using the habitat features adjacent to the crossing.
· Describe the channel type (Hankin & Reeves), and any associated wetlands, estuary function, tidal influence (if relevant).
[bookmark: _Toc44516531]Geomorphology
[bookmark: _Reference_Reach_Selection][bookmark: _Toc31210211][bookmark: _Ref33018608][bookmark: _Ref33018616][bookmark: _Toc44516532]Reference Reach Selection
Rationale for selection of a reference reach, and whether an adjacent reach upstream or downstream can be used. If an adjacent reach cannot be used (the average stream gradient changes significantly from US to DS, signs of erosion or deposition, man-made features within the active channel or floodplain, and/or sudden changes in sediment size), describe the reason(s) and find a similar reference reach to use. Photographs of the reference reach should be included and an aerial location of where it is. The section should be well enough documented that someone who does not know where it is could find it.
[image: C:\Users\sbevan\Downloads\IMG_2495.JPG]
[bookmark: _Ref34292029][bookmark: _Toc31295805][bookmark: _Toc34834550][bookmark: _Toc36198923]Figure 2: Photo of reference reach, looking upstream

[image: ]
[bookmark: _Toc31208839][bookmark: _Toc36198924]Figure 3: Reference reach
[bookmark: _Toc31208681][bookmark: _Toc31209214][bookmark: _Toc31209380][bookmark: _Toc31209546][bookmark: _Toc31209712][bookmark: _Toc31209878][bookmark: _Toc31210044][bookmark: _Toc31210212][bookmark: _Toc31208682][bookmark: _Toc31209215][bookmark: _Toc31209381][bookmark: _Toc31209547][bookmark: _Toc31209713][bookmark: _Toc31209879][bookmark: _Toc31210045][bookmark: _Toc31210213][bookmark: _Toc31208683][bookmark: _Toc31209216][bookmark: _Toc31209382][bookmark: _Toc31209548][bookmark: _Toc31209714][bookmark: _Toc31209880][bookmark: _Toc31210046][bookmark: _Toc31210214][bookmark: _Toc31208684][bookmark: _Toc31209217][bookmark: _Toc31209383][bookmark: _Toc31209549][bookmark: _Toc31209715][bookmark: _Toc31209881][bookmark: _Toc31210047][bookmark: _Toc31210215][bookmark: _Channel_Geometry][bookmark: _Toc31210216][bookmark: _Ref33018552][bookmark: _Ref33018557][bookmark: _Ref33018588][bookmark: _Ref33022501][bookmark: _Ref33022509][bookmark: _Ref34305795][bookmark: _Ref34305810][bookmark: _Toc44516533]Channel Geometry
· Channel planform description
· Channel cross section description
· Clearly state the slope of the reference reach and what slope is to be compared to for design.
· Bankfull width (both during data collection and what is agreed upon by WDFW/Tribes/WSDOT), see table below. 
· Recommendation on how bankfull will be utilized for design (agreed upon on structure and measured for channel shape, for example)
· Width:depth ratio, entrenchment, channel evolution stage. 
· Include representative photos of US and DS conditions showing where bankfull was measured.
· Photograph of the channel section and a surveyed channel section(s) should be shown
· A figure showing where the bankfull widths are measured at shall be included. May be combined with pebble count location figure if doing so doesn’t make it hard to read. Locations need to be well enough described that they could be found again in the future by someone who was not part of the original site visit.

[bookmark: _Ref34736048][bookmark: _Toc34809923][bookmark: _Toc36198945]Table 2: Bankfull width measurements
	BFW #
	Width (ft)
	Included in Design Average
	Location Measured
	Concurrence Notes

	1
	XX.X
	Yes
	
	Stakeholder concurred on X/XX/XX

	2
	XX.X
	Yes
	
	Stakeholder concurred on X/XX/XX

	3
	XX.X
	No
	
	Stakeholder removed on X/XX/XX

	4
	XX.X
	Yes
	
	Stakeholder added on X/XX/XX

	Design Average
	XX.X
	
	
	




[image: ]
[bookmark: _Toc36198925]Figure 4: Existing cross section examples

[bookmark: _Toc31208686][bookmark: _Toc31209219][bookmark: _Toc31209385][bookmark: _Toc31209551][bookmark: _Toc31209717][bookmark: _Toc31209883][bookmark: _Toc31210049][bookmark: _Toc31210217][bookmark: _Toc31208687][bookmark: _Toc31209220][bookmark: _Toc31209386][bookmark: _Toc31209552][bookmark: _Toc31209718][bookmark: _Toc31209884][bookmark: _Toc31210050][bookmark: _Toc31210218][bookmark: _Toc31210219][bookmark: _Ref33022664][bookmark: _Ref33022669][bookmark: _Toc44516534]Sediment 
Location of pebble counts and/or grab samples, description of sediment and size distribution, including boulders, even if there are few. Include photos, sediment size distribution graph and table (US and DS, if relevant). Include photos of boulders with scale and discussion of whether boulders appear to be mobile or immobile. There should be a minimum of 3 pebble counts and/or grab samples unless otherwise justified.
[image: ]
[bookmark: _Toc36198926]Figure 5: Pebble count locations


[bookmark: _Toc31208822][bookmark: _Toc36198946]Table 3: Sediment properties downstream of project crossing
	
	Downstream Diameter (in)
	Downstream Diameter (in)
	Downstream Diameter (in)
	Average Diameter (in)

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


[bookmark: _Toc524423398]
[bookmark: _Vertical_Channel_Stability][bookmark: _Toc31210220][bookmark: _Ref33018627][bookmark: _Ref33018633][bookmark: _Toc44516535]Vertical Channel Stability
This section Shall cover:
· A figure showing the long profile with LiDAR + Survey if available (see example below). If the LiDAR is not available or good then show the information in the profile that is available and provide a detailed description of the data sources that were researched but not found. The long profile should also show the anticipated equilibrium slope, explaining how the estimate was done (visual, calculated, etc). LiDAR Data available here:  https://lidarportal.dnr.wa.gov/.  
· The sediment supply in the watershed 
· Potential for aggradation and quantify, even if that quantity is rough and the level of risk. Whether any additional height is needed for freeboard shall be clearly stated.
· Potential for degradation/headcut and quantify, even if that quantity is rough. Extreme amounts of degradation can influence the structure type that is feasible.
· Location and type existing of grade control
[image: ]
[bookmark: _Toc36198927]Figure 6: Watershed scale longitudinal profile
[bookmark: _Channel_Migration][bookmark: _Toc524423400][bookmark: _Ref31185139][bookmark: _Ref31186303][bookmark: _Toc31210221][bookmark: _Ref33022598][bookmark: _Ref33022605][bookmark: _Toc44516536]Channel Migration
· Channel migration zone discussion, sinuosity, bank stability, channel erosion.  Include in the discussion if the channel has a risk of migration. If the risk is low, document it as “a low risk for channel migration.” If it is anything other than low, then document it as “there is a risk for channel migration”
· Consider: Is there a floodplain? What do the flow paths through the floodplain look like? Is the channel expected to expand its floodplain? Is it expected to move around within its floodplain? These considerations should be incorporated into the risk of channel migration discussion and is not meant to repeat Section 2.3 or replace Section 2.3.
[bookmark: _Ref31201338][bookmark: _Toc31210222][bookmark: _Toc44516537]Riparian Conditions, Large Wood, Other Habitat Features
· Canopy and understory vegetation, density and species, left bank and right bank, noxious weeds.
· Large wood in the system, including significance of large wood in the system, if it would naturally be present, and how it is currently functioning or not in a geomorphic sense (creating pools, forcing flows, creating dams).
· Any other channel forming features (i.e. step-pools, boulders, etc).
· Beaver activity that’s visible or the potential for beaver activity and what effect it is having on the system
· Information included in the “comments” section of the RSFS Excel Spreadsheet and indicated in the “input” section of the RSFS spreadsheet for Reach 1 (immediately upstream of barrier), if applicable.

[bookmark: _Toc31208692][bookmark: _Toc31209225][bookmark: _Toc31209391][bookmark: _Toc31209557][bookmark: _Toc31209723][bookmark: _Toc31209889][bookmark: _Toc31210055][bookmark: _Toc31210223][bookmark: _Toc31208693][bookmark: _Toc31209226][bookmark: _Toc31209392][bookmark: _Toc31209558][bookmark: _Toc31209724][bookmark: _Toc31209890][bookmark: _Toc31210056][bookmark: _Toc31210224][bookmark: _Toc449359999][bookmark: _Ref16671921][bookmark: _Ref16671948][bookmark: _Ref33022861][bookmark: _Ref33022866][bookmark: _Toc44516538]Hydrology and Peak Flow Estimates
Description of hydrology, peak flow etimates, and methodology used to determine peak flows (USGS Regression Equations, StreamStats, MGSFlood, etc.).  The appropriateness of the method needs to be described here. Include accuracy/uncertainty calculations if possible. If low summer flow conditions are known, discuss those here as well. Do not include the high and low fish passage design flows described in Appendix G of the WCDG.
[bookmark: _Toc36198947]Table 4: Peak flows for NAME Creek at SR X
	Mean Recurrence Interval (MRI)
	USGS Regression Equation (Region 3) (cfs)
	MGSFlood
(cfs)

	2
	39
	30

	10
	69
	71

	25
	85
	98

	50
	99
	112

	100
	111
	130

	500
	
	

	2080 Predicted 100
	
	



[bookmark: _Toc44516539]Hydraulic Analysis and Design
[bookmark: _Toc393804090]If a model other than SRH-2D is used, describe it here and what parameters were used. All images used in this Section should be at a resolution that is readable AND that can be zoomed in on and read. The document does not need to be compressed to a point where it could be attached to an email.
The hydraulic analysis of the existing and proposed SR X NAME Creek crossing was performed using the U.S. Bureau of Reclamation’s SRH-2D Version X.X.X computer program, a two-dimensional hydraulic and sediment transport numerical model.  Pre- and post-processing for this model was completed using SMS Version X.X.X.
Two scenarios were analyzed for determining stream characteristics for NAME Creek with the SRH-2D models: 1) existing conditions with the DESCRIPTION and 2) future conditions with the proposed DESCRIPTION.
[bookmark: _Toc44516540]Model Development
[bookmark: _Toc44516541]Topographic and Bathymetric Data
The channel geometry data in the model was obtained from the MicroStation and InRoads files supplied by the PEO, which were developed from topographic surveys performed by NAME OF AGENCY/FIRM WHO DID SURVEY on month day, year. The survey data was supplemented with LiDAR data (source). Proposed channel geometry was developed from the proposed grading surface created by XXX. All survey and LiDAR information is referenced against the XXX vertical datum.
Discuss any key topographic and structural hydraulic controls. If relevant, discuss topographic surface development for proposed condition site geometry. Also discuss any LiDAR used and the source of the data if it did not from a survey crew.
[bookmark: _Toc44516542]Model Extent and Computational Mesh
Discuss upstream and downstream domain limits for existing and proposed conditions (if different). Include reasons for limits and ensure that limits are far enough away to not influence results. 
Discuss the total area that the mesh covers, as well as the number of elements (rect. + triang)
[image: ]
[bookmark: _Toc36198928]Figure 7: Existing conditions computational mesh with underlying terrain
[image: ]
[bookmark: _Ref35339202][bookmark: _Toc36198929]Figure 8: Proposed conditions computational mesh with underlying terrain

[bookmark: _Toc44516543]Materials/Roughness
Discuss manning’s n values selected (for both channel and floodplain areas) and methodology selected for each. Discuss if used different roughness values in existing/proposed conditions. If the existing/proposed conditions are different, include two figures like the one seen below.  Include habitat features, LWM, plantings, etc in the discussion for determining the roughness coefficient. 
[bookmark: _Toc36198948]Table 5: Manning's n hydraulic roughness coefficient values used in the SRH-2D model
	Land Cover Type
	Manning's n

	
	

	
	

	
	

	
	



[image: ]
[bookmark: _Toc36198930]Figure 9: Spatial distribution of roughness values in SRH-2D model

[bookmark: _Toc44516544]Boundary Conditions
Include inflow/outflow boundary conditions and geometric data for culverts, pressure flow boundaries, etc. Discuss if differences in boundary conditions in each existing/proposed conditions. Include discharge values and refer to Hydrology chapter for inlet boundary conditions. For exit boundary conditions, include type of discharge option chosen (constant, time series, rating curve), as well as input for any populated fields. If using FEMA elevations indicate here.
Include locations of all BC’s annotated on another map, labeling any culverts, pressure boundaries, etc. Include a table or screenshot of inputs for Linear BC or Hy-8.
Include a downstream boundary condition and all the values that are needed to recreate that information. i.e. for the normal depth condition, include the composite manning’s n, slope and flow. All information to develop the rating curve shall also be included. 
[image: ]
[bookmark: _Toc36198931]Figure 10: HY-8 Culvert parameters
[image: ]
[bookmark: _Toc36198932]Figure 11: Downstream normal depth rating curve
[bookmark: _Toc44516545]Model Run Controls
Include information in SRH-2D Model Control (Start Time, Time Step, End Time, Initial Condition, Flow (if not using default values))
[bookmark: _Toc34809866][bookmark: _Toc44516546]Model Assumptions and Limitations
Any assumptions that went into the hydraulic model or model limitations shall be included here.
[bookmark: _Ref33022921][bookmark: _Ref33022927][bookmark: _Toc44516547]Existing Conditions Model Results
Discuss important findings from model results for water surface (WSEL contours, profiles along overbanks or floodplain edges), velocity (velocity magnitude contours/vectors), water depth (depth contour plot), discharge distribution (if flow splits, multiples openings, etc.), shear stress (contour plots), etc. Anything not included refer to the Appendix. Representative Cross section(s) showing at minimum the 2-year, 100-year, 500-year and 2080 predicted 100-year shall be shown either in this section or in the appendix.
All SMS print outs shall have a north arrow, stationing (starting downstream and going upstream), and a scale bar.
All the values reported in the table should be the average across whatever is being looked at, i.e. if main channel velocity is in the table it should be the average main channel velocity across the cross section. If floodplains are what are being evaluated, it would be the average left or right bank floodplain velocity.
[image: ]
[bookmark: _Toc36198933]Figure 12: Locations of cross sections used for results reporting

[image: ]
[bookmark: _Toc36198934]Figure 13: Longitudinal profile stationing for existing and proposed conditions
[bookmark: _Toc36198949]Table 6: Average hydraulic results for existing conditions
	Event ()
	WSE ()
	Depth ()
	Velocity ()
	Shear ()

	
	US
	DS
	US
	DS
	US
	DS
	US
	DS

	2
	
	
	
	
	
	
	
	

	100
	
	
	
	
	
	
	
	

	500
	
	
	
	
	
	
	
	



[image: ]
[bookmark: _Toc36198935]Figure 14: Existing conditions water surface profiles
[image: ]
[bookmark: _Toc36198936]Figure 15: Typical upstream existing channel cross section

[image: ]
[bookmark: _Toc36198937]Figure 16: Existing conditions 100-year velocity map with Cross Section Locations
Two maps are necessary for the 100-year if the cross-section map does not cover the entire area.
[bookmark: _Toc36198950]Table 7: Existing conditions velocities including floodplains at select cross sections
	 
	Q100 Average Velocities (ft/s)

	
	LOB*
	Main Ch
	ROB*

	Reference Reach 1
	1.3
	4.3
	1.4

	Reference Reach 2
	1.3
	4.6
	0.3

	Reference Reach 3
	1.5
	4.5
	0.0

	Reference Reach 4
	0.6
	2.7
	1.0

	Immediately Upstream of Structure 1
	0.3
	0.7
	0.1

	Immediately Upstream of Structure 2
	0.3
	0.7
	0.3

	Through Structure 1
	0.6
	2.2
	0.8

	*ROB/LOB locations determined from Exisiting Conditions Q2 extent


[bookmark: _Toc44516548]Natural Conditions (if applicable, sections and requirements are the same as above)
A natural conditions model is required in an unconfined situation (FUR over 3.0). The designer will likely need to make a best guess as to what the crossing would look like with the roadway fill removed, as this information is unlikely to be available and some of the crossings have been in place for a very long time. In this case, the “natural conditions” would be what the crossing would look like with the infrastructure elements that WSDOT has control over removed (i.e. existing structure and roadway fill). 
[bookmark: _Toc44516549]Channel Design
[bookmark: _Channel_Planform_and][bookmark: _Toc44516550][bookmark: _Ref33018645][bookmark: _Ref33018654][bookmark: _Ref33022532][bookmark: _Ref33022537]Floodplain Utilization Ratio
Calculate Floodplain Utilization Ratio (FUR). Describe how it was determined, and what the FUR is upstream and downstream of the crossing. The FUR is defined as the flood-prone width (FPW) divided by the bankfull width. The FPW is the water surface width at twice the bankfull depth, or the width at the 50-year to 100-year flood. A ratio under 3.0 is considered a confined channel and above 3.0 is considered an unconfined channel.
[bookmark: _Ref35867498][bookmark: _Ref35867518][bookmark: _Ref35867520][bookmark: _Ref35867534][bookmark: _Toc44516551]Channel Planform and Shape
Discuss how the channel shape was determined (i.e. reference reach only, combination of reference reach and judgment, etc). Describe how the final cross section was determined and whether or not any channel benches are present.  Include at least one cross section of the reference reach with the new cross section for comparison, especially if no channel benches are present that includes the flow lines. Explain how the proposed channel is expected to perform compared to the adjacent reaches (and reference reach, should the reference reach be in a different location). How does the modeled 2-year compare to bankfull? Is it what is expected? How is the channel shape expected to change over time? 2-year/bankfull event should be at the edge of the floodplain benches unless it can be explicitly shown in the reference reach/existing channel that this does not happen.
A low flow channel will be added in later stages of the project that connect habitat features together so that the project is not a low flow barrier. The low flow channel will be as directed by the Engineer in the field.
[image: ]
[bookmark: _Toc36198938]Figure 17: Design cross section

[bookmark: _Toc44516552]Channel Alignment
Discuss length of grading, horizontal alignment, etc. If there are any constraints that drove the channel alignment a certain direction, discuss those here.
[bookmark: _Channel_Gradient][bookmark: _Toc44516553]Channel Gradient
What is the slope ratio?  How does the slope compare to what would be found on site naturally.  If it is different, why is it different? Is long-term degradation/aggradation expected? If so, how much? Is there a reason to contain the long-term degradation?
[bookmark: _Toc44516554]Design Methodology
The proposed fish passage design was developed using the 2013 Water Crossing Design Guidelines and the WSDOT Hydraulics Manual. Using the guidance in these two documents, the TYPE OF BRIDGE OR STREAM SIMULATION design method was determined to be the most appropriate at this crossing because REASONS.
Describe how the selected method is consistent with WCDG recommendations and other site constraints, including factors such as
· Bankfull width – refer to section Error! Reference source not found.
· Floodplain utilization ratio (FUR) – refer to section 4.2
· Slope ratio of proposed channel to the existing channel – refer to section Error! Reference source not found.
· Length of the proposed crossing – refer to section Error! Reference source not found.
· Channel stability, including potential aggradation or degradation –- refer to section Error! Reference source not found.
· Channel migration – refer to section Error! Reference source not found.
· Footprint of the fill
· Climate resiliency 
If one type of structure is recommended over another, also state that in this section and make sure it is justified in Section Error! Reference source not found.
[bookmark: _Toc44516555]Future Conditions – Proposed X Foot Minimum Hydraulic Opening
The hydraulic opening is defined as the width perpendicular to the creek beneath the proposed structure that is necessary to convey the design flow and allow for natural geomorphic processes. The hydraulic opening assumes vertical walls at the edge of the minimum hydraulic opening width unless otherwise specified. 
The starting point for the design of all WSDOT structures is equation 3.2 of the WCDG, rounded up to the nearest whole foot. For this crossing, a minimum hydraulic opening of X feet was determined to be the minimum starting point. Any iterations of width should be discussed here.
Discuss important findings from model results for water surface (WSEL contours, profiles along overbanks or floodplain edges), velocity (velocity magnitude contours/vectors), water depth (depth contour plot), discharge distribution (if flow splits, multiples openings, etc.), shear stress (contour plots), etc. Representative cross sections shall either be shown here or in the appendix showing the same flows as the existing conditions. The flows should hit the same breaklines as the existing conditions, if they do not, why the shape is different needs to be discussed or the channel needs to be redesigned.
Discuss how the velocities and shear stresses compare to the adjacent reaches.  Shear stresses should be included in the table if modified shields is used. Tables 8 and 9 should show the floodplain averages and may need to be expanded to show Left Bank and Right Bank or additional tables may need to be added. In situations where there is no floodplain, remove those tables. How the floodplain flows compare to the adjacent reaches should be discussed.
[bookmark: _Toc36198951]Table 8: Average main channel hydraulic results for proposed condition upstream and downstream of structure
	Event ()
	WSE ()
	Depth ()
	Velocity ()
	Shear ()

	
	US
	DS
	US
	DS
	US
	DS
	US
	DS

	2
	
	
	
	
	
	
	
	

	100
	
	
	
	
	
	
	
	

	500
	
	
	
	
	
	
	
	

	2080 Predicted 100
	
	
	
	
	
	
	
	



[bookmark: _Toc36198952]Table 9: Average main channel hydraulic results for proposed condition within crossing structure
	Event ()
	WSE ()
	Depth ()
	Velocity ()
	Shear ()

	2
	
	
	
	

	100
	
	
	
	

	500
	
	
	
	

	2080 Predicted 100
	
	
	
	




[image: ]
[bookmark: _Toc36198939]Figure 18: Proposed conditions water surface profiles
[image: ]
[bookmark: _Toc36198940]Figure 19: Typical section through proposed structure
[image: ]
[bookmark: _Toc36198941]Figure 20: Proposed conditions 100-year velocity map 
Two maps are necessary for the 100-year if the cross-section map does not cover the entire area.
[bookmark: _Toc36198953]Table 10: Proposed velocities including floodplains at select cross sections
	 
	Q100 Average Velocities (ft/s)

	
	LOB*
	Main Ch
	ROB*

	Reference Reach 1
	1.3
	4.3
	1.7

	Reference Reach 2
	1.3
	4.7
	0.3

	Reference Reach 3
	1.4
	4.8
	0.2

	Reference Reach 4
	0.7
	3.0
	1.0

	Immediately Upstream of Structure 1
	1.2
	2.8
	0.8

	Immediately Upstream of Structure 2
	0.4
	3.1
	1.0

	Through Structure 1
	2.1
	3.4
	1.7

	Through Structure 2
	2.2
	3.6
	1.6

	Through Structure 3
	1.0
	3.0
	1.0

	*ROB/LOB locations determined from Proposed Conditions Q2 extent



[image: ]
[bookmark: _Toc36198942]Figure 21: Proposed conditions 2080 predicted 100-year velocity map

[bookmark: _Toc44516556]Water Crossing Design
[bookmark: _Ref35873006][bookmark: _Ref35873015][bookmark: _Toc44516557]Structure Type
Pick one, Delete Others:
No structure type has been recommended by Headquarters Hydraulics. The layout and structure type will be determined at later project phases. 
A bridge is recommended by Headquarters Hydraulics for this crossing due to REASONS.  
A buried structure is recommended by Headquarters Hydraulics for this crossing due to REASONS.
[bookmark: _Ref33022713][bookmark: _Ref33022719][bookmark: _Ref33022831][bookmark: _Ref33022836][bookmark: _Toc44516558]Minimum Hydraulic Opening Width and Length
Describe how the final size using today’s hydrology/geomorphology condition was determined to be acceptable.
· If confined, describe the Factor of Safety used and how it is appropriate. Factor of safety justification shall be more than citing the stream simulation equation. The stream simulation equation is the minimum and is often enough; however, the stream’s geomorphology shall also be considered.
· If unconfined, describe velocity ratio, where the velocity ratio was taken, etc. Also discuss the floodplain velocities. If structure is in a broad wetland, explain how the wetland connectivity will happen.
· If the structure is in a tidally influenced area, explain how the structure is wide enough to allow for estuarine function and tidal exchange.
· If stream simulation, discuss the how the hydraulic opening width was determined to be adequate (beyond equation 3.2)
· Is lateral migration a risk and has it been accounted for in the width determination? Should be consistent with 2.8.5
· If there are no structure type requirements or if there is a type requirement of a buried structure, what are the length requirements? What lengths trigger additional width considerations?
· Incorporation of climate resiliency. HQ Hydraulics shall be consulted for each crossing to help make the design decisions prior to the PHD being submitted to HQ Hydraulics. Use template language below, delete parts that are not relevant to design.
Based on the factors described above, a Minimum Hydraulic Opening of X feet was determined to be necessary to allow for natural processes to occur under current flow conditions. The projected 2080 100-year flow event was evaluated and the velocity comparisons for these flow rates can be seen in Table 11Table 1 below.
[bookmark: _Ref35865220][bookmark: _Toc36198954]Table 11: Velocity comparison for X foot structure
	
	100-Year Velocity (cfs)
	Projected 100-Year Velocity (cfs)
	Difference (cfs)

	Upstream of Structure
	
	
	

	Through Structure
	
	
	

	Downstream of Structure
	
	
	

	Velocity Ratio
	
	
	



If the size does not create an adverse velocity ratio:
No size increase was determined to be necessary to accommodate climate change.
If a size increase is necessary:
The structure size was increased to X feet to provide climate resilience at the projected flow rates. The velocity comparisons for these flow rates can be seen in Table 12 below.
[bookmark: _Ref35865282][bookmark: _Toc36198955]Table 12: Velocity comparison for X foot structure
	
	100-Year Velocity (cfs)
	Projected 100-Year Velocity (cfs)
	Difference (cfs)

	Upstream of Structure
	
	
	

	Through Structure
	
	
	

	Downstream of Structure
	
	
	

	Velocity Ratio
	
	
	



If a size increase would be necessary to accommodate climate change but is not practicable:
After evaluating the velocities in Table 12 above, it was determined that increasing the structure size to produce a velocity ratio of 1.1 or less at the predicted 2080 100-year flow rate was not practicable because REASONS.
All Crossings:
A Minimum Hydraulic Opening of X feet is recommended and there is no length recommendation due to a bridge structure being proposed.
Or
A Minimum Hydraulic Opening of X feet is recommended up to a maximum structure length of X feet. At X feet, explain what will need to be done. I.E. Increase opening to X, re-evaluate, etc.
[bookmark: _Freeboard][bookmark: _Toc449090165][bookmark: _Ref16671661][bookmark: _Ref33018669][bookmark: _Ref33018682][bookmark: _Toc44516559]Freeboard
The WCDG recommend the prevention of excessive backwater rise and increased main channel velocities during floods that might lead to scour of the streambed and coarsening of the stream substrate, allow the free passage of debris expected to be encountered, and generally suggests a minimum X foot freeboard for streams of this size above the 100-year water surface elevation.  WSDOT is incorporating climate resiliency in freeboard, where practicable, and has evaluated freeboard at both the 100-year water surface elevation and the projected 2080 100-year water surface elevation. 
The minimum required freeboard at this location based on bankfull width was X feet at the 100-year flow event. The water surface elevation is projected to increase by X feet for the 2080 projected 100-year flow rate. The minimum required freeboard at this site was increased to X.X feet at this site to accommodate climate resilience.  If it is practicable to do so, a minimum of 5 feet between the channel thalweg elevation and inside top of structure is recommended for maintenance and monitoring purposes. If it is not practicable to increase the freeboard for climate resilience, explain why. If the crossing is in a tidally influenced area, describe what was done to accommodate sea level rise, if it wasn’t, then why it wasn’t. If additional freeboard is recommended per the wildlife memo, that should be noted here.
Long term degradation, aggregation, and debris risk were also evaluated at this location. X feet of countersink or freeboard was added to the structure to account for the risk of degradation/aggradation/debris risk. More information on the risk for long-term degradation and aggradation can be found in Section 8. If none then delete. If not yet quantified but expected state that there may be an increase required to account for these. 
Add as directed:
Only if not meeting freeboard needs:
A sensitivity analysis, as described above, was performed on the structure to determine whether an increased structure would have an impact on freeboard and velocities through the structure. The roadway profile was evaluated and raised as much as possible without causing additional environmental impacts and additional roadway changes.   Obtaining the recommended freeboard in this location would require the road be raised an additional X feet.  WSDOT believes this is not practicable at this time and is providing the justification below for not providing the recommended freeboard.
Past Maintenance Records (all projects)
As discussed previously  (Section ,Error! Reference source not found.), WSDOT Area X Maintenance was contacted to determine whether or not there were ongoing maintenance problems at the existing structure due to LWM racking at the inlet or sedimentation.  The maintenance representative indicated there was not a record of LWM blockage and/or removal or and sediment removal at this crossing.  If there is a history of maintenance activity, describe the activity and how the proposed structure will impact/improve this.
Wood and Sediment Supply (all projects)
Describe the potential for LWM to be transported through the reach in future conditions.  Describe hydrology, land cover, logging, restoration activities/opportunities, urban growth and anticipated future conditions for the life of the proposed project.  Describe the streams transport ability i.e. stream can transport approximately 2 ft DBH @ 40 feet long based on…or empirical data described in section X. Describe the sediment supply at the stream location (refer to sections Error! Reference source not found., Error! Reference source not found.) and whether aggradation is anticipated to be a problem (refer to section Error! Reference source not found.) and whether LWM would have an impact on this potential (.refer to section Error! Reference source not found.).
Flooding (all projects)
Is the existing roadway in a floodplain and is the entire roadway regularly inundated (refer to section Error! Reference source not found.)  Will the proposed structure better or worsen the existing conditions?  Discuss the frequency of interaction with floodwaters and the potential impacts of that interaction (to the road, to the main channel, to the fish). Is there any backwater 
Future Corridor Plans (all projects)
There are currently no long term plans to improve SR X through this corridor. If long term plans do exist, explain how the structure is forward compatible with them and what the structure would look like after these improvements take place.
Impacts (Only if not meeting freeboard needs)
Raising the road X feet in the vicinity of the structure would require an additional X linear feet of roadway work and as a result, require fill in a floodplain, additional environmental impacts, and impact X intersections and X driveways.  Delete/edit as appropriate. Raising the roadway would require approximately an additional X square feet of permanent wetland impacts, X square feet of temporary wetland impacts, X square feet of permanent stream buffer impacts and X square feet of temporary stream buffer impacts.  It would also require the removal of an additional X trees larger than 4-inch DBH.  The additional fill required to raise the roadway would place X cubic yards of fill in a FEMA regulated floodplain. 
Quantify the potential impacts and state if they are feasible to achieve the recommended minimum freeboard.  This section should focus on the environmental impacts and any concerns for public safety.  Discuss what options were considered for raising the road. Can walls be installed to mitigate for the fill? What types of avoidance and minimization efforts have been incorporated. 
Impacts to Fish Life and Habitat (Only if not meeting freeboard needs)
In discussion with WDFW and the Tribes, it is expected that the proposed freeboard of X feet will result in no substantial impacts to fish life and habitat. If there are unexpected substantial impacts to fish life and/or habitat in the future as a result of insufficient freeboard, discuss WSDOT’s mitigation sequencing and resulting action(s).
[bookmark: _Toc449090169][bookmark: _Toc44516560]Streambed Design
[bookmark: _Toc449090172][bookmark: _Ref16671702][bookmark: _Ref33022685][bookmark: _Ref33022691][bookmark: _Toc44516561]Bed Material
Describe the methodology used.  Describe why chosen methodology is valid.  Describe how the existing sediment matches the proposed sediment, refer to HM.  Provide additional justification (in detail) if there are differences in the pebble count vs. the results here.  Describe when the D50 and D84 are mobile.
Include table describing differences in observed/proposed diameter (D16, D50, D84, D100) Also include an additional table/columns for sediment sizing for coarse bands. Explain how the design of the bed material matches what type of reach this is expected to be and accommodate the species and life stages of fish expected to use it.
[bookmark: _Toc36198956]Table 13: Comparison of observed and proposed streambed material
	[bookmark: _Ref16671790]
	Average Diameter (in)
	Proposed Diameter (in)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



If there it is determined that there are constraints prohibiting the allowance of the channel to deform over time, that needs to be discussed in this section (see Streambed Material Decision Tree) and the following will need to be included:
· What are the design constraints that were determined be that prohibit channel deformation
· What level of risk was the system determined to be per the Streambed Material Decision Tree
· Who was involved in making the decision to provide an over-coarsened/roughened channel? WDFW and the Tribes need to be in agreement with the decision to provide an over-coarsened/roughened channel.
· Whether additional information will be needed at later phases of the design before a decision can be made. I.E. if we need to know where bedrock is to determine the severity of a situation.
[bookmark: _Ref35867630][bookmark: _Ref35867640][bookmark: _Ref35867650][bookmark: _Toc44516562]Channel Complexity
[bookmark: _Toc448316631][bookmark: _Toc450234407][bookmark: _Ref33022743][bookmark: _Toc44516563]Design Concept 
Design concept at the PHD level should be conceptual, but feasible. The habitat elements should be designed for today’s habitat type and not for climate change/sea level rise. At the FHD level, this section will be more refined and the LWM concept will be supported by calculations/PS&E sheets.
The design concept shall discuss (text):
· Channel planform that is expected to form and how the design will implement/encourage that
· Number of key pieces and volume of wood per 100 LF of channel. Total length of channel includes what is covered by a structure.
· How the key pieces and volume compare to Fox & Bolton and the WSDOT HM
· What flows any mobile wood would mobilize at
· What is the function of the wood/rock structures (habitat, bank protection, etc)
· Are preformed pools recommended? 
· Channel forming features to be used in/under structure
· Is anchoring anticipated (PHD) or required (FHD)
· Are there any special design considerations for the LWM/Structure interaction (i.e. if a wall or wingwall are used, does that change anything?)
· Any site specific considerations for the proposed design that improves ecological integrity at the site, refer back to Section 2
· Are there any low flow channel considerations that should be made? 
· Is there a risk of fish stranding with the design during summer flow conditions?
· How the project addresses the specific habitat components that the fish listed in section 2 would be expected to utilize in this reach
For structure footprint, assume (if not known) that a bridge will match the existing pavement width and a culvert will be the approximate length of the existing culvert or roadway fill, unless more accurate information is known. Two configurations may be necessary. Drawings shall include:
· A drawing for a buried structure and a bridge unless structure type is known.
· LWM approximate locations 
· Channel forming features inside/under structures, including boulder clusters, meander bars, mobile wood, etc
· Low flow channel with a note that it will be directed by the engineer in the field. The low flow channel should be a dashed line that connects habitat structures/pools
The following requires HQ Hydraulics approval before PHD submittal:
· Channel spanning LWM
· LWM within 50 ft of the structure
· LWM beneath bridges (not allowed in buried structures)
· Recommendation of no LWM at a site
[image: ]
[bookmark: _Toc36198943]Figure 22: Conceptual layout of habitat complexity (provide 2 figures if structure type is not known)
[bookmark: _Toc448316632][bookmark: _Toc450234408][bookmark: _Toc44516564]Stability Analysis (FHD ONLY)
List all assumptions, how the analysis was performed, where the calculations are, etc.  Include a summary table listing the anchor requirements, the LWM, safety factors, moment, etc. If any  non-wood features are calculated to be stable, discuss them here.
[bookmark: _Toc36198957]Table 14: Summary of log ballast requirements
	Log (Id Number)
	Diameter (inches)
	Length (feet)
	Buoyancy Factor of Safety
	Buoyancy Moment (ft/lbs)
	Anchor Requirements

	
	
	
	
	
	Required Ballast (pounds)
	Rock Placement (man)

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


(1) Assumes boulders with submerged specific gravity of 1.65
(2) Negative value indicates anchor and overburden moments exceed buoyant moments 

[bookmark: _Floodplain_Changes][bookmark: _Toc477954058][bookmark: _Toc449090176][bookmark: _Ref16671591][bookmark: _Toc44516565] Floodplain Changes
This project is/is not within a mapped floodplain.  The pre-project and expected post-project conditions were evaluated to determine whether or not there would be a change in water surface elevation and floodplain storage.
If the project is not within a mapped floodplain but changes are expected, note them here as well.
[bookmark: _Toc44516566]Floodplain Storage 
Describe what changes if any will occur to the mapped floodplain storage. Include any risk to properties or infrastructure.
[bookmark: _Toc44516567]Water Surface Elevations
Describe what changes if any will occur to the water surface elevations at storms of interest. Include any risk to properties or infrastructure. How do the proposed upstream and downstream water surface elevations compare to the existing? A graphic depicting both WSEs should be provided if it is possible, either profile or a plan view showing the differences in WSE between the existing and proposed surfaces.
[bookmark: _Ref16671956][bookmark: _Toc44516568] Climate Resilience
WSDOT recognizes climate resilience as a component of the integrity of its structures and approaches the design of bridges, and buried structures through a risk based assessment beyond the design criteria.  For bridges and buried structures, the largest risk to the structures will come from increases in flow and/or sea level rise.  The goal of fish passage projects is to maintain natural channel processes through the life of the structure and maintain passibility for all expected life stages and species in a system.  
[bookmark: _Toc44516569]Climate Resilience Tools
WSDOT also evaluates crossings using the mean percent change in 100-year flood flows from the WDFW Future Projections for Climate-Adapted Culvert Design program. All sites consider the 2080 percent increase throughout the design of the structure. Appendix E contains the information received from WDFW for this site. 
[bookmark: _Ref16671935][bookmark: _Toc44516570]Hydrology
For each design WSDOT uses, the best available science for assessing site hydrology. The predicted flows are analyzed in the hydraulic model and compared to field and survey indicators, maintenance history, and any other available information. Hydraulic engineering judgement is used to compare model results to system characteristics; if there is significant variation, then the hydrology is re-evaluated to determine whether or not adjustments need to be made, including adding standard error to the regression equation, basin changes in size or use, etc. 
In addition to using the best available science for current site hydrology, WSDOT is evaluating the structure at the 2080 predicted 100-year flow event to check for climate resiliency. The Design Flow for the crossing X cfs at the 100-year storm event. The projected increase for the 2080 flow rate is X%, yielding a projected 2080 flow rate of X cfs. 
[bookmark: _Toc44516571]Climate Resilience Summary
A minimum hydraulic opening of X feet and a minimum freeboard of X feet allows for the channel to behave similarly through the structure as it does in the adjacent reaches under the projected 2080 100-year flow event. This will help ensure that the structure is resilient to climate change and the system is allowed to function naturally, including the passage of sediment, debris and water in the future.
If for whatever reason climate resilience was not incorporated, summarize the reasons here.
[bookmark: _Scour_Analysis_(FHD][bookmark: _Scour_Analysis][bookmark: _Toc44516572][bookmark: _Ref15286604] Scour Analysis 
For this section, what’s included in the PHD vs FHD is different. As described in the instructions, green highlights are PHD only and Pink will be FHD only. Non-Italics in this section are not instructions, but template language. If PHD, delete the Pink Highlights. If FHD, delete the Green Highlights.
Total Scour will be computed during later phases of the project utilizing the 100-year, 500-year and projected 2080 100-year flow events. The structure will be designed to account for the potential scour at the projected 2080 100-year flow events. For this phase of the project, the risk for lateral migration and potential for degradation are evaluated on a conceptual level. This information is considered preliminary and is not to be taken as a final recommendation in either case. 
Utilizing the results of the hydraulic analysis and considering the potential for lateral channel migration, scour calculations were performed following the procedures outlined in Evaluating Scour at Bridges HEC No. 18 (Arneson et al. 2012). Scour components considered in the analysis include:
1.	Long-term aggradation/degradation
2.	General scour (i.e., contraction scour)
3.	Local scour
In addition to the three scour components above, potential lateral migration of a channel must be assessed when evaluating total scour at highway infrastructure.  
[bookmark: _Toc449090177][bookmark: _Toc44516573]Lateral Migration
[bookmark: _Toc449090178]If the lateral migration risk is low the design shall state that here.
If there is a risk for lateral migration then summarize the lateral migration risks here. If lateral migration is dependent on structure type selected, also discuss that here.
Any countermeasures being used should be described here. Lateral migration risk in this section should cover the risk to the structure itself and whether any countermeasures are required. The designer should consider whether there is a risk to that the stream will migrate to the bridge abutments and whether countermeasures are needed to prevent that migration (if the countermeasures are only needed if the bridge abutments are not designed for the scour elevation to occur at the abutment, specify this.) Lateral migration in this context should be separately discussed for each abutment/pier.
[bookmark: _Ref35872848][bookmark: _Ref35872859][bookmark: _Ref35872909][bookmark: _Toc44516574]Long‐term Aggradation/Degradation of the Channel Bed
Describe aggradation/degradation risk. For the PHD phase, this should be discussed on a conceptual level, i.e. There is a potential for 3-5 feet of long term degradation. If any additional considerations are needed for aggradation/degradation they should be described here. If the system is considered high/medium risk per the Streambed Sediment Tree, refer back to the Sediment section and discuss whether the risks are proposed to be fully mitigated and whether degradation will be allowed. If additional information is needed to quantify the degradation/aggradation risk, explain that here. (Long-term degradation in this system can be upwards of 15-20 feet; however, if a geotechnical analysis determines that there is competent bedrock at a depth shallower than this range, the risk for long-term degradation will be reduced to the depth of bedrock.)
For the FHD, long-term degradation and aggradation shall be quantified.
[bookmark: _Toc449090179][bookmark: _Toc44516575]General Scour at the Bridge (i.e., contraction scour)
Describe scour type (Clear-Water or Live-Bed) and how much scour is expected
[bookmark: _Toc449090180][bookmark: _Toc44516576]Local Scour
Any scour from piers
[bookmark: _Toc449090181][bookmark: _Toc44516577]Bend Scour
Amount of bend scour expected, any countermeasures installed as a result. Where this scour is likely to occur.
[bookmark: _Toc449090182][bookmark: _Toc44516578]Total Scour
Calculated preliminary total scour depths for the proposed NAME Creek structures are provided in Table 15. HQ Hydraulics recommends that the structure and adjacent walls be designed to account for the scour depths provided in Table 5 to assist in providing structure stability over time.  These recommendations are preliminary and could change as the design progresses due to design changes.  Describe any minimum depths for material as a result of scour.
[bookmark: _Ref12882437][bookmark: _Toc36198958]Table 15: Scour analysis summary
	Calculated Scour for SR X NAME Creek

	
	SR X Structure1
	SR X Structure2

	
	2080 Predicted 100-year
	100-year
	500-year
	2080 Predicted 100-year
	100-year
	500-year

	Long-Term Degradation (ft)
	0
	0
	0
	0
	0
	0

	Contraction Scour (ft)
	0
	0
	0.1
	0
	0
	0.1

	Local Scour (ft)
	0
	0
	0
	0
	0
	0

	Bend Scour (ft)
	1.5
	1.5
	2.3
	1.5
	0
	0

	Total Depth of Scour (ft)3
	1.5
	1.5
	2.4
	1.5
	0
	0

	Scour Elevation (NAVD88)3
	79.5
	79.5
	78.4
	79.5
	81.4
	81.4


1Upstream face of proposed SR X Structure
2Downstream face of proposed County Structure
3Depths do not include geotechnical requirements for any additional depth below the calculated scour


Summary 
[bookmark: _Toc36198959]Table 16: Report Summary Table
	Stream Crossing Category
	Elements
	Values
	Report Location

	Habitat Gain
	Total Length
	
	

	Bankfull Width
	Reference reach found?
	Y/N
	2.8.1 Reference Reach Selection

	
	Design BFW
	
	2.8.2 Channel Geometry 

	
	Concurrence BFW 
	
	2.8.2 Channel Geometry 

	Channel Slope/Gradient
	Existing Crossing
	
	2.8.4 Vertical Channel Stability

	
	Reference Reach 
	
	2.8.2 Channel Geometry

	
	Proposed
	
	4.4.2 Channel Planform and Shape

	Countersink
	Proposed
	
	4.7.3 Freeboard / 8 Scour Analysis 

	
	Added for climate resiliency
	
	4.7.3 Freeboard / 8 Scour Analysis 

	Scour
	Analysis
	
	8 Scour Analysis 

	
	Streambank protection/stabilization
	
	8 Scour Analysis 

	Channel Geometry
	Existing
	
	2.8.2 Channel Geometry

	
	Proposed
	
	4.4.2 Channel Planform and Shape

	Channel Conditions
	Dry Channel in Summer
	Y/N
	2.7.2 Existing Conditions

	Floodplain Continuity
	FEMA mapped floodplain
	Y/N
	6 Floodplain Changes

	
	Lateral Migration
	Y/N
	2.8.5 Channel Migration

	
	Floodplain changes?
	Y/N
	6 Floodplain Changes

	Freeboard
	Required Above 100 yr
	
	4.7.3 Freeboard

	
	Added for climate resiliency
	
	4.7.3 Freeboard

	
	Additional Recommended
	
	4.7.3 Freeboard

	Maintenance Clearance
	Proposed
	
	4.7.3 Freeboard

	Substrate
	Existing
	
	2.8.3 Sediment

	
	Proposed
	
	5.1 Bed Material

	
	Coarser than existing?
	Y/N
	5.1 Bed Material

	Hydraulic Opening
	Proposed
	
	4.7.2 Minimum Hydraulic Opening Width and Length

	
	Added for climate resiliency
	Y/N
	4.7.2 Minimum Hydraulic Opening Width and Length

	Channel Complexity
	LWM for Bank Stability
	Y/N
	5.2 Channel Complexity

	
	LWM for Habitat
	Y/N
	5.2 Channel Complexity

	
	Meander Bars
	#
	5.2 Channel Complexity

	
	Boulder Clusters
	#
	5.2 Channel Complexity

	
	Coarse Bands
	#
	5.2 Channel Complexity

	
	Mobile Wood
	Y/N
	5.2 Channel Complexity

	Crossing length
	Existing
	
	2.7.2 Existing Conditions

	
	Proposed
	
	4.7.2 Minimum Hydraulic Opening Width and Length

	Floodplain Utilization Ratio (FUR)
	Floodprone Width
	
	4.2 Existing Conditions Model Results

	
	Average FUR Upstream and DS
	
	4.2 Existing Conditions Model Results

	Hydrology/Design Flows
	Existing
	See Link
	3 Hydrology and Peak Flow Estimates

	
	Climate resiliency
	See Link
	3 Hydrology and Peak Flow Estimates

	Channel Morphology
	Existing
	
	2.8.2 Channel Geometry

	
	Proposed
	
	5.2 Channel Complexity

	Channel Degradation
	Potential?
	Range
	8.2 Long‐term Aggradation/Degradation of the Channel Bed

	
	Allowed?
	Y/N
	8.2 Long‐term Aggradation/Degradation of the Channel Bed

	Structure Type 
	Recommendation
	Y/N
	4.7.1 Structure Type

	
	Type
	
	4.7.1 Structure Type




References
Aquaveo. (2018). SMS Version 13.0.8
Arneson, L.A., L.W. Zevenbergen, P.F. Lagasse, P.E. Clopper. (2012). Evaluating Scour at Bridges – Fifth Edition. Federal Highway Administration. Fort Collins, Colorado. Publication No. FHWA-HIF-12-003, (HEC No. 18).
Barnard, R.J., J. Johnson, P. Brooks, K.M. Bates, B. Heiner, J.P. Klavas, D.C. Ponder, P.D. Smith, and P.D. Powers (2013). Water Crossing Design Guidelines. Washington State Department of Fish and Wildlife. Olympia, WA
Chow, V.T., 1959, Open Channel Hydraulics, McGraw-Hill book Company, NY.
Lagasse, P.F., P.E. Clopper, J.E. Pagan-Ortiz, L.W. Zevenbergen, L.A. Arneson, J.D. Schall, L.G. Girard. (2009). Bridge Scour and Stream Instability Countermeasures: Experience, Selection, and Design Guidance-Third Edition. Federal Highway Administration. Fort Collins, Colorado. Publication No. FHWA‑NHI-09-111.
Mastin, M.C., Konrad, C.P., Veilleux, A.G., and Tecca, A.E., 2016, Magnitude, frequency, and trends of
floods at gaged and ungaged sites in Washington, based on data through water year 2014 (ver 1.2,
November 2017): U.S. Geological Survey Scientific Investigations Report 2016–5118, 70 p.,
http://dx.doi.org/10.3133/sir20165118.
United States Army Corps of Engineers (2010). HEC-RAS River Analysis System V.5.0.7.
United States Department of Agriculture. (2001) Sampling Surface and Subsurface Particle-Size Distributions in Wadable Gravel- and Cobble-Bed Streams for Analyses in Sediment Transport, Hydraulics, and Streambed Monitoring.
United States Department of Agriculture, Forest Service. (2008) Stream Simulation:  An Ecological Approach to Providing Passage for Aquatic Organisms at Road-Stream Crossings, Appendix E.
United States Geological Survey, 2016, The StreamStats program, online at http://streamstats.usgs.gov,
accessed on June 27, 2019. 
United States Department of the Interior, Bureau of Reclamation (USBR). 1984. “Computing Degradation and Local Scour, Technical Guideline for Bureau of Reclamation.” Denver, CO.
United States Department of the Interior, Bureau of Reclamation. (2017). SRH-2D Version 3.2.4
Washington State Department of Transportation (2019). Hydraulics Manual. Olympia, WA. Publication
Number M 23-03.06
Washington State Department of Transportation (2018). Standard Specifications for Road, Bridge, and Municipal Construction. Washington State Department of Transportation. Olympia, WA. Publication Number M 41-10.
Washington Department of Fish and Wildlife. 2019. Fish Passage and Surface Water Diversion Screening Assessment and Prioritization Manual. Olympia, Washington.
Washington Department of Fisheries. (1975). A Catalog of Washington Streams and Salmon Utilization. 4 Volumes. Olympia, WA
Washington Department of Fish & Wildlife. (yearXXXX). Habitat Assessment Data for Creek Name Creek (culvert XXXXXX) at SR MP. Unpublished.
Washington Department of Fish & Wildlife. (yearXXXX). Washington State Fish Passage. Website accessed online: https://geodataservices.wdfw.wa.gov/hp/fishpassage/index.html
Washington Department of Fish & Wildlife (yearXXXX). SCoRE (Salmon Conservation and Reporting Engine).  Website accessed online: https://fortress.wa.gov/dfw/score/score/recovery/recovery.jsp#score

Appendices
Appendix A – FEMA Floodplain Map (This should be included if site is within/nearby floodplain)
Appendix B – Hydraulic Field Report Form
Appendix C – SRH-2D Model Results
Appendix D – Streambed Material Sizing Calculations
Appendix E – Stream Plan Sheets, Profile, Details
Appendix F – Scour Calculations FHD ONLY
Appendix G – Manning’s Calculations If needed to support values chosen
Appendix H – Large Woody Material Calculations FHD ONLY
Appendix I—Reach Assessment (This is only used if a Reach Assessment already exists and has been validated by the hydraulic/hydrology staff to include as an Appendix)
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