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[bookmark: _Ref16670617]General template notes (delete before turning in PHD):
The table/figure numbers in this document are fields. If any new tables/figures are added, it is recommended to follow the same format so updating is easier. The table and figure numbers in the titles can be updated automatically by:
Ctrl + A
F9
Anything with a yellow highlighting is both PHD and FHD. Green highlighting is PHD only. Pink highlighting is FHD only. Italics with highlights are instructions that are to be deleted prior to turning in PHD. 
Please do not modify the document without talking with HQ Hydraulics first. The purpose of the template is to maintain consistency statewide for fish passage projects and to make the review of the document easier for the tribes and WDFW. Changes made to the document may warrant a template update.
The following are general directions for template use:
All prompts shall be acknowledged with the level of detail that is appropriate to convey the rationale.
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. 
All plan view figures should have a north arrow and scale bar.
Use one space after a period at the end of a sentence, not two.
All figures, tables, and their captions/titles should be left-justified.
When creating the PDF make sure it is created with PDF bookmarks of the headings so that readers can quickly jump to specific sections within the document.
All pages should have a “draft” watermark until the PHD or FHD is considered final.
Please do not manually modify template text styles—use Body Text 1 for body text, List Bullet for bulleted lists, List Number for numbered lists, Table Title for table titles, Caption, Figure for figure captions, etc.
Please make sure to cross reference all figures and tables in the narrative of the report, preferably above (and near) where the figure/table appears. Use auto cross referencing and cross reference only the figure/table number (i.e., not the full caption or title).


[bookmark: _Toc102626271]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 through 23), the Washington State Department of Transportation (WSDOT) is proposing a project to provide fish passage at the State Route (SR) X crossing of NAME Creek at milepost (MP) XX.XX within WSDOT’s Olympic/Northwest/Southwest/North Central/South Central/Eastern region. The existing structure at that location has been identified as a fish barrier by the Washington Department of Fish and Wildlife (WDFW) and WSDOT Environmental Services Office (ESO) (site identifier [ID] SITE NUMBER), and has an estimated XX linear feet (LF) of habitat gain. 
Per the federal injunction, and in order of preference, fish passage should be achieved by (1) avoiding the necessity for the roadway to cross the stream, (2) use of a full-span bridge, or (3) 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, Washington, in WRIA X. The highway runs in a DIRECTION–DIRECTION direction at this location and is about X feet from the confluence with WATER BODY (if confluence nearby). CREEK NAME generally flows from 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, DIAMETER/WIDTH with a structure designed to accommodate a minimum hydraulic width of X feet. 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) (Barnard et al. 2013). This design also meets the requirements of the WSDOT Hydraulics Manual (WSDOT 2022a). 
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—e.g. “, 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, also state that here—e.g. (A bridge is recommended at this site rather than a buried structure because of 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.)
[image: ]
[bookmark: _Ref12879839][bookmark: _Toc102626329]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 the 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: _Toc102626272][bookmark: _Ref16671149][bookmark: _Ref16671157]Watershed and Site Assessment
[bookmark: _Toc14276859][bookmark: _Toc31210206]The existing watershed was assessed in terms of land cover, geology, regulatory floodplains, fish presence, site observations, wildlife crossing priority, and geomorphology. This was performed using a site visit and desktop research with resources such as the United States Geological Survey (USGS), Federal Emergency Management Agency (FEMA), and WDFW, and past records like observations, maintenance, and fish passage evaluation. (modify above list as needed)
Section 2 is primarily a discussion on existing site conditions and should not have discussion of proposed design. This reduces redundancy and confusion with later sections.
[bookmark: _Ref86740321][bookmark: _Ref86998312][bookmark: _Toc102626273]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 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 WSDOT. State whether information is available. 
If relevant, include flood history of the site and the surrounding area, high water marks, and nature and extent of flooding. Cite sources of information (conversations with maintenance, historical records, etc.)
Total length of habitat gain.
[bookmark: _Toc102626274]Watershed and Land Cover
Briefly describe the condition and trends in the contributing area to the crossing, including:
Size and location of watershed.
Major tributaries.
Topography (including the maximum and minimum elevations and elevation at the crossing). Define vertical datum for all elevations.
DNR LiDAR hillshade or other relief maps (to understand flow paths)
Land cover.
Prevailing land uses. If this has influenced the present state of the stream (e.g., downcut, lots of sediment, etc.) make sure to expand on here or within Section 2.7.4 and any other relevant sections.
Include a watershed/land cover map.


[bookmark: _Ref77594942][bookmark: _Toc78544846][bookmark: _Toc102626363]Table 1: Land cover
	Land cover class
	Basin coverage (percentage)
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[bookmark: _Toc102626330]Figure 2: Watershed map (include topography, flow lines, and label basin area)
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[bookmark: _Ref64373289][bookmark: _Toc78544797][bookmark: _Toc102626331]Figure 3: Land cover map (NLCD 2016)
[bookmark: _Toc88554343][bookmark: _Toc88574533][bookmark: _Ref85458134][bookmark: _Toc102626275]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 sources of information.
If possible, add discussion on how this influences the design (risk to landslides, sediment laden, sediment supply, influencing runoff, etc.).
Coordinate with HQ Geotechnical Scoping lead to determine if there is additional geotechnical data needed to evaluate lateral migration and long term degradation as part of the PHD phase.

[image: ]
[bookmark: _Ref42779933][bookmark: _Toc53656672][bookmark: _Toc78544798][bookmark: _Toc102626332]Figure 4: Geologic map

[image: ]
[bookmark: _Ref77592928][bookmark: _Toc78544799][bookmark: _Toc102626333]Figure 5: Soils map

[bookmark: _Floodplains][bookmark: _Toc87279058][bookmark: _Toc87281752][bookmark: _Toc87282566][bookmark: _Toc87279059][bookmark: _Toc87281753][bookmark: _Toc87282567][bookmark: _Toc86667481][bookmark: _Toc86669184][bookmark: _Toc86669570][bookmark: _Toc86669687][bookmark: _Toc86740207][bookmark: _Toc87279060][bookmark: _Toc87281754][bookmark: _Toc87282568][bookmark: _Toc86667482][bookmark: _Toc86669185][bookmark: _Toc86669571][bookmark: _Toc86669688][bookmark: _Toc86740208][bookmark: _Toc87279061][bookmark: _Toc87281755][bookmark: _Toc87282569][bookmark: _Toc86667483][bookmark: _Toc86669186][bookmark: _Toc86669572][bookmark: _Toc86669689][bookmark: _Toc86740209][bookmark: _Toc87279062][bookmark: _Toc87281756][bookmark: _Toc87282570][bookmark: _Toc86667484][bookmark: _Toc86669187][bookmark: _Toc86669573][bookmark: _Toc86669690][bookmark: _Toc86740210][bookmark: _Toc87279063][bookmark: _Toc87281757][bookmark: _Toc87282571][bookmark: _Toc86667485][bookmark: _Toc86669188][bookmark: _Toc86669574][bookmark: _Toc86669691][bookmark: _Toc86740211][bookmark: _Toc87279064][bookmark: _Toc87281758][bookmark: _Toc87282572][bookmark: _Toc86667486][bookmark: _Toc86669189][bookmark: _Toc86669575][bookmark: _Toc86669692][bookmark: _Toc86740212][bookmark: _Toc87279065][bookmark: _Toc87281759][bookmark: _Toc87282573][bookmark: _Toc102626276][bookmark: _Toc524423396][bookmark: _Ref31186091][bookmark: _Toc31210209]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, and 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: _Toc102626364]Table 2: Native fish species potentially present within the project area
	Species
	Presence (presumed, modeled, or documented)
	Data source 
	ESA listing

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


[bookmark: _Toc102626277]Wildlife Connectivity
Obtain and review wildlife connectivity information from WSDOT HQ, ESO, or Region PEO.
For crossings that are not high or adjacent to high:
The 1-mile-long segment that Crossing Name falls in ranked Level priority for Ecological Stewardship and Level priority for Wildlife-related Safety by WSDOT Headquarters (HQ) ESO. Adjacent segments to the north and south ranked Level. A wildlife connectivity memorandum will not be provided at this site and additional width or height has not been recommended by WSDOT HQ ESO for wildlife connectivity purposes.
Email provided, but no memorandum complete:
The 1-mile-long segment that Crossing Name falls in ranked Level priority for Ecological Stewardship and Level priority for Wildlife-related Safety by WSDOT Headquarters (HQ) ESO. Adjacent segments to the north and south ranked Level. At the time this document was written, the habitat connectivity analysis was pending for this crossing.
High with analysis:
The 1-mile-long segment that Crossing Name falls in ranked Level priority for Ecological Stewardship and Level priority for Wildlife-related Safety by WSDOT Headquarters (HQ) ESO. Adjacent segments to the north and south ranked Level. Describe what was done to accommodate wildlife at the crossing. If no changes were needed note that.
[bookmark: _Toc102626278]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 to 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: _Ref86828023][bookmark: _Ref86828691][bookmark: _Toc102626279]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.
Survey extents.
Summarize field report and refer to the appendix (Appendix B). 
Summary of data collected (number of bankfull widths collected, number of pebble counts, etc.). 
Refer to Figure 6 for locations and also state that bankfull width measurements are summarized in Section 2.7.2 and pebble counts in Section 2.7.3

[image: ] 
[bookmark: _Ref86669295][bookmark: _Toc102626334]Figure 6: Reference reach, bankfull width, and pebble count locations (consider adding stationing to figure)

[bookmark: _Ref33022809][bookmark: _Ref33022817][bookmark: _Toc102626280]Existing Conditions
Existing structure, including size (length, diameter, shape), gradient, materials, condition, alignment, fill depth, and relevant history from as-builts. State whether as-builts were obtained. Size of scour pool if it has one (length, depth, shape).
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.
Photographs of the existing conditions (inlet, outlet, upstream, downstream, habitat features, etc.).
[bookmark: _Toc31793877][bookmark: _Toc102626281]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? Also describe the frequency and typical depth of pools.
Describe which species and life stages are likely using the habitat features adjacent to the crossing.
What type of fish use would be anticipated in the vicinity of the cross (spawning, rearing, or migrating)?
Describe the channel type, and any associated wetlands, estuary function, tidal influence (if relevant).
[bookmark: _Ref86740320][bookmark: _Toc102626282]Riparian Conditions, Large Wood, and Other Habitat Features
Canopy and understory vegetation, density and species, left bank and right bank, noxious weeds. Include discussion on whether possible future tree recruitment (through bank erosion, windfall, deadfall, etc.) is anticipated.
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 (e.g., step pools, boulders, etc.).
Beaver activity that is 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. Request this information from HQ Hydraulics (typically located within the WDFW folder on ProjectWise).
[bookmark: _Toc102626283]Geomorphology
Geomorphic information provided for this site includes selection of a reference reach, the geometry and cross sections of the channel, and stability of the channel both vertically and laterally of Creek Name.
[bookmark: _Reference_Reach_Selection][bookmark: _Toc31210211][bookmark: _Ref33018608][bookmark: _Ref33018616][bookmark: _Ref85452511][bookmark: _Toc102626284]Reference Reach Selection
[bookmark: _Hlk87427632][bookmark: _Hlk88222306]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 upstream to downstream, 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. Follow WSDOT Hydraulics Manual detailed process for how to properly select a reference reach. Photographs of the reference reach should be included and an aerial location of where it is. Provide as much detail as possible within the text and figures of where the reference reach is located, including distance from key site features (culvert inlet/outlet, roadway, other prominent features if applicable). Refer to figure within Section 2.6.1 to illustrate location of reference reach. The section should be well enough documented that someone who does not know where it is could find it. If a reference reach is not available, identify any design reaches that were used to inform the design.
[image: ]
[bookmark: _Ref34292029][bookmark: _Toc31295805][bookmark: _Toc34834550][bookmark: _Toc102626335]Figure 7: Reference reach, looking upstream

[bookmark: _Toc86669199][bookmark: _Toc86669585][bookmark: _Toc86669702][bookmark: _Toc86740222][bookmark: _Toc87279075][bookmark: _Toc87281769][bookmark: _Toc87282583][bookmark: _Toc86669200][bookmark: _Toc86669586][bookmark: _Toc86669703][bookmark: _Toc86740223][bookmark: _Toc87279076][bookmark: _Toc87281770][bookmark: _Toc87282584][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: _Ref54686555][bookmark: _Ref85447607][bookmark: _Toc102626285]Channel Geometry
Channel planform description.
Channel cross-section description (i.e., bank heights, bank slopes, and bank composition. Are there visible floodplains, and how wide).
Clearly state the slope of the reference reach and what slope is to be compared to for design.
Be mindful of stream slope at locations of bankfull width measurements, especially if they are significantly different from the reference reach/what is being proposed for design. A significant difference in slope at bankfull widths versus the project slope can be a reason for why they were not included in the design average. If the scale of the figure allows, indicate locations of BFWs on the long profile in Section 2.7.4.
Bankfull width (both during data collection and what is agreed upon by WDFW/tribes/WSDOT); see Table 3. Include measurements upstream, downstream, and in reference reach (if measurements are not appropriate for design, can exclude from design average in Table 3).
Recommendation on how bankfull width will be used for design (agreed upon on structure and measured for channel shape, for example).
Width:depth ratio (bankfull width/depth) and channel evolution stage. 
Include representative photos of upstream and downstream conditions showing where bankfull width 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 shall be included. May be combined with pebble count location figure if doing so does not 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: _Toc102626365]Table 3: Bankfull width measurements
	BFW number
	Width (ft)
	Included in design average?
	Location measured (distance from culvert or STA)
	Concurrence notes

	1
	XX.X
	Yes/No
	
	Stakeholder concurred on XX/XX/XXXX

	2
	XX.X
	Yes/No
	
	Stakeholder concurred on XX/XX/XXXX

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

	4
	XX.X
	Yes/No
	
	Stakeholder added on XX/XX/XXXX

	Design average
	XX.X
	
	
	




[image: ]
[bookmark: _Toc102626336]Figure 8: Existing cross-section examples (include hand-drawn/field measurements if reference reach outside of survey)

[bookmark: _Ref86994864]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. FUR can be determined through field measurements or hydraulic modeling. Describe methods used. If using existing-conditions hydraulic model and taking measurements within areas backwatered by existing culverts, make sure to create a model run that removes backwater impacts (typically by artificially increasing size of culvert in HY-8 to remove backwatering). If the model run created does not meet the requirements of a “natural-conditions” model, do not call it that. A ratio under 3.0 is considered a confined channel and a ratio above 3.0 is considered an unconfined channel.
Summarize FUR at a variety of locations (upstream, downstream, and reference reach). Include plan view figure showing where FUR was calculated. If FUR varies significantly (e.g., transitioning from unconfined to confined) the figure and table should have enough measurements to illustrate this transition and provide reason for average FUR used at the project site. Include FPW and FUR values that illustrate this transition but may not be included in the design average.
[image: ]
[bookmark: _Toc102626337]Figure 9: FUR locations
[bookmark: _Ref65235153][bookmark: _Toc78544856][bookmark: _Toc102626366]Table 4: FUR determination
	Station
	FPW (ft)
	FUR
	Confined/unconfined
	Included in average FUR determination

	US XX+XX
	X.X
	X.X
	Confined/Unconfined
	Yes/No

	US XX+XX
	X.X
	X.X
	Confined/Unconfined
	Yes/No

	US XX+XX (reference reach)
	X.X
	X.X
	Confined/Unconfined
	Yes/No

	DS XX+XX
	X.X
	X.X
	Confined/Unconfined
	Yes/No

	DS XX+XX
	X.X
	X.X
	Confined/Unconfined
	Yes/No

	DS XX+XX
	X.X
	X.X
	Confined/Unconfined
	Yes/No

	Average
	X.X
	X.X
	Confined/Unconfined
	Yes/No



[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: _Ref85452471][bookmark: _Ref85458152][bookmark: _Ref85707251][bookmark: _Ref86740119][bookmark: _Ref86740319][bookmark: _Toc102626286]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 (upstream and downstream, 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 three pebble counts and/or grab samples unless otherwise justified. An understanding or description of an armor layer and how it may differ from sediment below the armor layer. If a subsurface sample was taken, these could be compared.
A figure showing where the pebble counts were taken shall be included in Section 2.6.1. Figure will show locations of reference reach, bankfull widths, and pebble counts. Refer to figure within this section’s narrative to help illustrate locations of pebble counts. Pebble count units to be in inches.
[bookmark: _Toc31208822][bookmark: _Toc102626367]Table 5: Sediment properties near the project crossing
	Particle size
	Pebble Count # diameter (in)
	Pebble Count # diameter (in)
	Pebble Count # diameter (in)
	Average diameter for design (in)

	Included in average?
	Yes/No
	Yes/No
	Yes/No
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


[bookmark: _Toc524423398]
[image: ]
[bookmark: _Toc102626338]Figure 10: Sediment size distribution

[bookmark: _Vertical_Channel_Stability][bookmark: _Toc31210220][bookmark: _Ref33018627][bookmark: _Ref33018633][bookmark: _Ref54686474][bookmark: _Ref86826666][bookmark: _Ref87019747][bookmark: _Toc102626287]Vertical Channel Stability
This section covers:
A figure showing a reach-based longitudinal profile with LiDAR + survey if available (see Figure 11). If the LiDAR is not available or reliable 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. LiDAR data available here: https://lidarportal.dnr.wa.gov/.
Label the crossing, other crossings, significant grade control features (e.g., competent bedrock), assumed base-level control and reach average slopes. Equilibrium slopes should be drawn on this figure, to assist in evaluating long-term degradation, illustrate details of equilibrium slope in Figure 34 within Section 7.2.
The sediment supply in the watershed. 
Potential for aggradation and quantify, even if that quantity is rough (give ranges). (If aggradation is anticipated may need to consider additional structure height to maintain freeboard after aggradation.) Do not specify additional freeboard recommendations in this section; simply present the analysis. Refer back to this section within the design sections of the PHD for the reason additional freeboard is needed.
Suggest keeping degradation discussion brief here and just summarizing results and referring to Section 7.2 for detailed analysis. Detailed discussion and analysis should be included in Section 7.2.
Location and type of existing grade control. Include a brief description of features and their anticipated stability.
[image: ]
[bookmark: _Toc102626339]Figure 11: Watershed-scale longitudinal profile
[bookmark: _Channel_Migration][bookmark: _Toc524423400][bookmark: _Ref31185139][bookmark: _Ref31186303][bookmark: _Toc31210221][bookmark: _Ref33022598][bookmark: _Ref33022605][bookmark: _Ref54686459][bookmark: _Toc102626288]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 it is not meant to repeat or replace Section 6.
Provide a distinction between channel’s likelihood to migrate with respect to the geomorphic sense versus a structural sense.

[bookmark: _Toc88554358][bookmark: _Toc88574548][bookmark: _Toc88554359][bookmark: _Toc88574549][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: _Toc102626289]Hydrology and Peak Flow Estimates
Description of hydrology, peak flow estimates, and methodology used to determine peak flows (stream gages, USGS regression equations, StreamStats, MGSFlood, etc.). The appropriateness of the method needs to be described here. Include accuracy/uncertainty calculations if possible. Include any field verification or validation of the modeled flows to support accuracy of hydrology (rust lines on structures, scour lines, OHWM, BFW, observed high flow debris, photos from documented events, conversations with adjacent landowners, etc.). If low summer flow conditions are known, also discuss those here (can be helpful to know whether the stream has been observed dry in the summers). Do not include the high and low fish passage design flows described in Appendix G of the WCDG.
If modeling other flow inputs (tributaries, confluences, etc.) provide hydrology information and methodology for that flow used within the model. Add discussion here or within Section 5.1 for which flow combinations were run and why they were selected to determine the freeboard, scour, etc. (e.g., concurrent 100-year flows, 100-year flow within project stream and low flow in another, etc.)
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. The largest risk to bridges and buried 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 to maintain passability for all expected life stages and species in a system. 
WSDOT 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 projected 2080 percent increase throughout the design of the structure. Appendix G contains the projected increase information for the project site. The design flow for the crossing is X cubic feet per second (cfs) at the 100-year storm event. The projected increase for the 2080 100-year flow is X percent, yielding a projected 2080 100-year flow of X cfs.
[bookmark: _Toc102626368]Table 6: Peak flows for NAME Creek at SR X (present all methods explored, bold method selected and clearly state in narrative which method was selected for design)
	Mean recurrence interval (MRI) (years)
	USGS regression equation (Region 3) (cfs)
	MGSFlood
(cfs)

	2
	39
	30

	10
	69
	71

	25
	85
	98

	50
	99
	112

	100
	111
	130

	500
	
	

	Projected 2080 100
	
	




[bookmark: _Toc102626290]Water Crossing Design
This section describes the water crossing design developed for SR XX MP XX.XX Creek name, including channel design, minimum hydraulic opening, and streambed design.
[bookmark: _Toc87279083][bookmark: _Toc87281777][bookmark: _Toc87282591][bookmark: _Toc87279084][bookmark: _Toc87281778][bookmark: _Toc87282592][bookmark: _Toc102626291]Channel Design
This section describes the channel design developed for creek name at SR XX MP XX.XX. 
[bookmark: _Hlk88482378]Does the design propose variability in the vertical, cross-sectional shape, and/or alignment? Some of these may not be completed until FHD but describe recommendation for the FHD if not implemented at PHD. Include discussion for variability proposed in appropriate sections below.
[bookmark: _Channel_Planform_and][bookmark: _Toc87279086][bookmark: _Toc87281780][bookmark: _Toc87282594][bookmark: _Toc87279087][bookmark: _Toc87281781][bookmark: _Toc87282595][bookmark: _Ref33018645][bookmark: _Ref33018654][bookmark: _Ref33022532][bookmark: _Ref33022537][bookmark: _Ref35867498][bookmark: _Ref35867518][bookmark: _Ref35867520][bookmark: _Ref35867534][bookmark: _Toc102626292]Channel Planform and Shape
Discuss how the channel shape was determined (e.g., reference reach only, combination of reference reach and judgment, etc.). Describe how the final cross section was determined and whether any channel benches are present. Include at least one cross section (that includes the water surface elevations) of the reference reach with the new cross section for comparison, especially if no channel benches are present. Explain how the proposed channel supports continuity of channel processes through the crossing and 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? Two-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. If this does not happen, it needs to be specifically stated.
Include text narrative for Figure 13 explaining how the proposed section compares to the existing channel shape observed.
Include statement within discussion of channel shape. In later stages of the project, a low-flow channel will be added that connects 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.
If a meander belt amplitude assessment is needed, details of that analysis should be presented in this section. Results of the assessment should be clearly stated so that Section 4.2.2 can use the results as a basis for a hydraulic width recommendation.
[image: ]
[bookmark: _Toc102626340]Figure 12: Design cross section (include typical 2-year and 100-year WSEs on this figure)

[image: ]
[bookmark: _Ref85549631][bookmark: _Toc78544836][bookmark: _Toc102626341]Figure 13: Proposed cross section superimposed with existing survey cross sections 
[bookmark: _Toc53656721](Used to determine bankfull width or within reference reach [this figure should illustrate that the proposed channel shape matches the reference reach, unless you are purposely not matching the reference reach shape]. Okay to include other sections not used for (such as STA 3+00, 2+85, and 2+41 in the example figure) but add explanation in the narrative that they were not within the reference reach and were not used in determining an appropriate design channel shape.)

[bookmark: _Ref85454238][bookmark: _Toc102626293]Channel Alignment
Discuss length of grading, horizontal alignment, sinuosity, etc. If any constraints drove the channel alignment a certain direction, discuss those here.
[bookmark: _Channel_Gradient][bookmark: _Ref54686501][bookmark: _Ref85459409][bookmark: _Ref85459426][bookmark: _Toc102626294]Channel Gradient
What is the slope ratio? How does the slope compare to what would be found on the 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?
Keep aggradation/degradation discussion brief here and just summarize results. Refer to Section 7.2 for further details. Detailed discussion and analysis for how it was quantified should be discussed in detail in Section 7.2.
[bookmark: _Toc87279091][bookmark: _Toc87281785][bookmark: _Toc87282599][bookmark: _Toc87279092][bookmark: _Toc87281786][bookmark: _Toc87282600][bookmark: _Toc87279093][bookmark: _Toc87281787][bookmark: _Toc87282601][bookmark: _Toc87279094][bookmark: _Toc87281788][bookmark: _Toc87282602][bookmark: _Toc87279095][bookmark: _Toc87281789][bookmark: _Toc87282603][bookmark: _Toc87279096][bookmark: _Toc87281790][bookmark: _Toc87282604][bookmark: _Toc87279097][bookmark: _Toc87281791][bookmark: _Toc87282605][bookmark: _Toc87279098][bookmark: _Toc87281792][bookmark: _Toc87282606][bookmark: _Toc87279099][bookmark: _Toc87281793][bookmark: _Toc87282607][bookmark: _Toc87279100][bookmark: _Toc87281794][bookmark: _Toc87282608][bookmark: _Toc87279101][bookmark: _Toc87281795][bookmark: _Toc87282609][bookmark: _Toc87279102][bookmark: _Toc87281796][bookmark: _Toc87282610][bookmark: _Toc87279103][bookmark: _Toc87281797][bookmark: _Toc87282611][bookmark: _Toc87279104][bookmark: _Toc87281798][bookmark: _Toc87282612][bookmark: _Toc87279105][bookmark: _Toc87281799][bookmark: _Toc87282613][bookmark: _Toc87279106][bookmark: _Toc87281800][bookmark: _Toc87282614][bookmark: _Toc87279107][bookmark: _Toc87281801][bookmark: _Toc87282615][bookmark: _Toc87279108][bookmark: _Toc87281802][bookmark: _Toc87282616][bookmark: _Toc87279109][bookmark: _Toc87281803][bookmark: _Toc87282617][bookmark: _Toc87279110][bookmark: _Toc87281804][bookmark: _Toc87282618][bookmark: _Toc87279291][bookmark: _Toc87281985][bookmark: _Toc87282799][bookmark: _Toc87279292][bookmark: _Toc87281986][bookmark: _Toc87282800][bookmark: _Toc87279293][bookmark: _Toc87281987][bookmark: _Toc87282801][bookmark: _Toc87279324][bookmark: _Toc87282018][bookmark: _Toc87282832][bookmark: _Toc87279325][bookmark: _Toc87282019][bookmark: _Toc87282833][bookmark: _Toc87279326][bookmark: _Toc87282020][bookmark: _Toc87282834][bookmark: _Toc87279327][bookmark: _Toc87282021][bookmark: _Toc87282835][bookmark: _Toc87279328][bookmark: _Toc87282022][bookmark: _Toc87282836][bookmark: _Toc87279329][bookmark: _Toc87282023][bookmark: _Toc87282837][bookmark: _Toc87279330][bookmark: _Toc87282024][bookmark: _Toc87282838][bookmark: _Toc87279331][bookmark: _Toc87282025][bookmark: _Toc87282839][bookmark: _Toc87279332][bookmark: _Toc87282026][bookmark: _Toc87282840][bookmark: _Toc87279333][bookmark: _Toc87282027][bookmark: _Toc87282841][bookmark: _Toc87279334][bookmark: _Toc87282028][bookmark: _Toc87282842][bookmark: _Toc87279335][bookmark: _Toc87282029][bookmark: _Toc87282843][bookmark: _Toc87279336][bookmark: _Toc87282030][bookmark: _Toc87282844][bookmark: _Toc87279337][bookmark: _Toc87282031][bookmark: _Toc87282845][bookmark: _Toc87279338][bookmark: _Toc87282032][bookmark: _Toc87282846][bookmark: _Toc87279383][bookmark: _Toc87282077][bookmark: _Toc87282891][bookmark: _Toc87279384][bookmark: _Toc87282078][bookmark: _Toc87282892][bookmark: _Toc87279385][bookmark: _Toc87282079][bookmark: _Toc87282893][bookmark: _Toc87279386][bookmark: _Toc87282080][bookmark: _Toc87282894][bookmark: _Toc87279387][bookmark: _Toc87282081][bookmark: _Toc87282895][bookmark: _Toc102626295]Minimum Hydraulic Opening
The minimum hydraulic opening is defined horizontally by the hydraulic width and the total height is determined by vertical clearance and scour elevation. This section describes the minimum hydraulic width and vertical clearance; for discussion on the scour elevation see Section 7. See Figure 14 for an illustration of the minimum hydraulic opening, hydraulic width, freeboard, and maintenance clearance terminology.

[image: ]
[bookmark: _Ref87009317][bookmark: _Toc102626342]Figure 14: Minimum hydraulic opening illustration
[bookmark: _Toc88554367][bookmark: _Toc88574557][bookmark: _Toc102626296]Design Methodology
The proposed fish passage design was developed using the WCDG (Barnard et al. 2013) and the WSDOT Hydraulics Manual (WSDOT 2022a). 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 (see bullet list below for reasons that can drive the design methodology. Discuss the reasons and reference the appropriate sections of the PHD for the reasons driving the design methodology).
Describe how the selected method is consistent with WCDG recommendations and other site constraints, including factors such as:
Bankfull width: refer to Section 2.7.2
Floodplain utilization ratio (FUR): refer to Section 2.7.2.1
Slope ratio of proposed channel to the existing channel: refer to Section 4.1.3
Length of the proposed crossing: refer to Section 4.1.2
Footprint of the fill
Report elevation of existing roadway and height above proposed channel thalweg. Very large embankments (long crossings) are more likely to be clear span bridge rather than buried structure.
Channel stability, including potential aggradation or degradation: refer to Section 7.2
Channel migration: refer to Sections 2.7.5 and 4.1.1
Climate resilience 
[bookmark: _Toc88554369][bookmark: _Toc88574559][bookmark: _Toc87279390][bookmark: _Toc87282084][bookmark: _Toc87282898][bookmark: _Toc87279391][bookmark: _Toc87282085][bookmark: _Toc87282899][bookmark: _Toc87279392][bookmark: _Toc87282086][bookmark: _Toc87282900][bookmark: _Toc87279393][bookmark: _Toc87282087][bookmark: _Toc87282901][bookmark: _Toc87279394][bookmark: _Toc87282088][bookmark: _Toc87282902][bookmark: _Ref33022713][bookmark: _Ref33022719][bookmark: _Ref33022831][bookmark: _Ref33022836][bookmark: _Ref86999450][bookmark: _Ref88232104][bookmark: _Toc102626297]Hydraulic Width
The starting point for the minimum hydraulic width determination of all WSDOT crossings is Equation 3.2 of the WCDG, rounded up to the nearest whole foot. For this crossing, a minimum hydraulic width of X feet was determined to be the minimum starting point. Any iterations of width should be discussed and the reasons for why the width was increased (see below list for possible reasons of increased structure size).
Describe how the final size using today’s hydrology/geomorphology condition was determined to be acceptable. 
Potential drivers for minimum hydraulic width include BFW, velocity ratio, floodplain connectivity, lateral migration, FPW, valley width, aggradation/degradation, hydraulic backwater, 100-year WSE, stream sinuosity, meander amplitude (meander belt amplitude assessment needs to be detailed including assumptions that were made), channel complexities (boulders/LWM), and continuity of channel processes (see Chapter 7 of Design Manual).
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. Comparison of velocities shall be made through the structure as compared to the natural reach to indicate that the crossing is not artificially constraining the structure; however, do not use velocity ratio.
If unconfined, describe velocity ratio, where the velocity ratio was taken, etc. Also discuss the floodplain velocities. If the 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 how the minimum hydraulic width was determined to be adequate (beyond Equation 3.2).
Is lateral migration (geomorphic) a risk and has it been accounted for in the width determination?
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 resilience. 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 width 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. Table 7 compares the velocities of the 100-year and projected 2080 100-year events. 
[bookmark: _Ref35865220][bookmark: _Toc102626369]Table 7: Velocity comparison for X-foot structure
	Location
	100-year velocity (ft/s)
	Projected 2080 100-year velocity (ft/s)

	Reference reach (STA XX+XX)
	
	

	Upstream of structure (STA XX+X)
	
	

	Any other locations that are relevant
	
	

	Through structure (STA XX+XX)
	
	

	Downstream of structure (STA XX+XX)
	
	



If the size does not create an adverse increase in velocities:
No size increase was determined to be necessary to accommodate climate change. For detailed hydraulic results see Section 5.4.
If a size increase is necessary:
The structure size was increased to X feet to provide climate resilience at the projected flow rates. Table 8 compares the velocities of the 100-year and projected 2080 100-year events with the larger structure. For detailed hydraulic results see Section 5.4.
[bookmark: _Ref35865282][bookmark: _Toc102626370]Table 8: Velocity comparison for X-foot structure
	Location
	100-year velocity (ft/s)
	Projected 2080 100-year velocity (ft/s)

	Reference reach (STA XX+XX)
	
	

	Upstream of structure (STA XX+X)
	
	

	Any other locations that are relevant
	
	

	Through structure (STA XX+XX)
	
	

	Downstream of structure (STA XX+XX)
	
	



If a size increase would be necessary to accommodate climate change but is not practicable:
After evaluating the velocities in Table 8 above, it was determined that increasing the structure size to produce a similar velocity through the structure at the projected 2080 100-year event was not practicable because REASONS. For detailed hydraulic results see Section 5.4.
[bookmark: _Toc88554371][bookmark: _Toc88574561][bookmark: _Ref87274825][bookmark: _Toc449090165][bookmark: _Ref16671661][bookmark: _Ref33018669][bookmark: _Ref33018682][bookmark: _Toc102626298]Vertical Clearance
The vertical clearance under a structure is made up of two considerations: freeboard and maintenance clearance. Both are discussed below, and results are summarized in Table 9.
The minimum required freeboard at the project location, based on bankfull width, is X feet above the 100-year water surface elevation (WSE) (Barnard et al. 2013, WSDOT 2022a). The WSDOT Hydraulics Manual requires 3 feet of freeboard for all structures greater than 20 feet and on all bridge structures unless otherwise approved by HQ Hydraulics (WSDOT 2022a). 
If none then delete this paragraph. Long-term aggradation and debris risk were also evaluated at this location. X feet of freeboard was added to account for the risk of aggradation/debris risk, resulting in a minimum required freeboard of X feet. More information on the risk for long-term aggradation can be found in Section 8. 
WSDOT is incorporating climate resilience in freeboard, where practicable, and has evaluated freeboard at both the 100-year WSE and the projected 2080 100-year WSE. The WSE is projected to increase by X feet for the 2080 projected 100-year flow rate. The minimum required freeboard at this site will be applied above the projected 2080 100-year WSE to accommodate climate resilience. If it is not practicable to apply the freeboard requirement to the 2080 100-year, explain why. If the crossing is in a tidally influenced area, describe what was done to accommodate sea level rise; if it was not, then explain why it was not. 
The second vertical clearance consideration is maintenance clearance. WSDOT HQ Hydraulics determines a required maintenance clearance if a height is required to maintain habitat elements, such as boulders or large woody material (LWM). If there are no habitat elements requiring maintenance clearance to maintain, the maintenance clearance is only a recommendation by WSDOT HQ Hydraulics, and the region determines the maintenance clearance required.
Choose one of the following paragraphs depending on whether maintenance clearance is required or recommended:
The channel complexity features in Section 4.3.2 include boulders and/or LWM habitat features within the structure that may need to be maintained. Therefore, a maintenance clearance of 10 feet to allow for machinery to access and operate under the structure is required. Maintenance clearance is measured from the highest streambed ground elevation within the horizontal limits of the minimum hydraulic width. Discuss with HQ Hydraulics before making maintenance clearance a requirement. If additional vertical clearance is recommended per the wildlife memorandum, that should be noted here.
Or
The channel complexity features in Section 4.3.2 do not include elements of significant size and will not need to be maintained with machinery. If it is practicable to do so, a minimum maintenance clearance of 6 feet is recommended for maintenance and monitoring purposes but is not a hydraulic requirement. Maintenance clearance is measured from the highest streambed ground elevation within the horizontal limits of the minimum hydraulic width. If additional vertical clearance is recommended per the wildlife memorandum, that should be noted here.
[bookmark: _Ref87003988][bookmark: _Ref87003978][bookmark: _Toc102626371]Table 9: Vertical clearance summary
	Parameter
	Downstream face of structure
	Upstream face of structure

	Station
	
	

	Thalweg elevation (ft)
	
	

	Highest streambed ground elevation within hydraulic width (ft)
	
	

	100-year WSE (ft)
	
	

	2080 100-year WSE (ft)
	
	

	Required freeboard (ft)
	1, 2, 3, or more if aggradation risk
	1, 2, 3, or more if aggradation risk

	Recommended/Required maintenance clearance (ft)
	Typically 6 or 10
	Typically 6 or 10

	Required minimum low chord, 100-year WSE + freeboard (ft)
	
	

	Required minimum low chord, 2080 100-year WSE + freeboard (ft) if discussion in section states not practical to meet freeboard at 2080 100-year flow delete this row.
	
	

	Recommended/Required minimum low chord, highest streambed ground elevation within hydraulic width + maintenance clearance (ft)
	
	

	Required minimum low chord (ft) select highest of above REQUIRED low chords
	
	

	Recommended minimum low chord (ft) select highest of all the above RECOMMENDED and REQUIRED low chords; delete row if all the above are required
	
	



Only if not meeting freeboard needs (coordinate required with HQ Hydraulics):
A sensitivity analysis, as described above, was performed on the hydraulic width to determine whether an increased hydraulic width 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 that the road be raised approximately X feet. WSDOT believes that this is not practicable and is providing the justification below for not meeting the recommended freeboard.
Past Maintenance Records (all projects)
WSDOT Area X Maintenance was contacted to determine whether there are ongoing maintenance problems at the existing structure because of LWM racking at the inlet or sedimentation. The maintenance representative indicated that there was no record of LWM blockage and/or removal or 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 proposed conditions. Describe hydrology, land cover, logging, restoration activities/opportunities, urban growth, and anticipated proposed conditions for the life of the proposed project. Describe the stream’s transportability—e.g., stream can transport approximately 2 feet DBH at 40 feet long based on … or empirical data described in Section X. Describe the sediment supply at the stream location (refer to Sections 2.3 and 2.7.3) and whether aggradation is anticipated to be a problem (refer to Section 7.2) and whether LWM would have an impact on this potential (refer to Section 2.6.4). If LWM and aggradation are a concern, freeboard requirement should be increased in Section 4.2.3 (discuss increase with HQ Hydraulics).
Impacts (Only if not meeting freeboard needs)
Raising the road X feet in the vicinity of the structure would require an additional X LF of roadway work and, as a result, would 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 X additional trees larger than 4-inch diameter at breast height (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)
As a result of discussion with WDFW and the XXX tribe(s), WSDOT expects 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: _Ref86996901][bookmark: _Toc102626299]Hydraulic Length
Pick one and delete the other:
A minimum hydraulic width of X feet is recommended. There is no length recommendation because of a bridge structure is being proposed.
Or
A minimum hydraulic width of X feet is recommended up to a maximum hydraulic length of X feet. If the hydraulic length is increased beyond X feet, the hydraulic width and vertical clearance will need to be reevaluated.
[bookmark: _Toc88554374][bookmark: _Toc88574564][bookmark: _Toc102626300]Future Corridor Plans
Request coordinate studies from Region PEO
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.
[bookmark: _Toc88554376][bookmark: _Toc88574566][bookmark: _Ref86998411][bookmark: _Toc102626301]Structure Type
Pick one and delete the others:
No structure type has been recommended by WSDOT HQ Hydraulics. The layout and structure type will be determined at later project phases. 
A bridge is recommended by WSDOT HQ Hydraulics for the proposed crossing because of REASONS. 
A buried structure is recommended by WSDOT HQ Hydraulics for the proposed crossing because of REASONS.
[bookmark: _Toc88554378][bookmark: _Toc88574568][bookmark: _Toc102626302]Streambed Design
This section describes the streambed design developed for creek name at SR XX MP XX.XX.
[bookmark: _Ref86998463][bookmark: _Toc102626303]Bed Material
Describe the methodology used. Describe why the chosen methodology is valid. Describe how the existing sediment matches the proposed sediment; refer to Hydraulics Manual. Provide additional justification (in detail) if there are differences in the pebble count versus the results here. Describe when the D50 and D84 are mobile. Describe the methodology used for assessing stability.
Include table describing differences in observed/proposed diameter (D16, D50, D84, D100). Also include an additional table/columns for sediment sizing for meander bars, coarse bands, or other rock features. 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: _Toc102626372]Table 10: Comparison of observed and proposed streambed material
	Sediment size
	Observed diameter for design (in)
	Proposed diameter (in)
	Meander bar diameter (in) (if applicable)

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



If 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 design constraints were determined to 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; e.g., if we need to know where bedrock is to determine the severity of a situation.
[bookmark: _Ref86998252][bookmark: _Toc102626304]Channel Complexity
This section describes the channel complexity of the streambed design developed for creek name at SR XX MP XX.XX.
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.
· List out the total length of channel grading, including what is covered by a structure.
· List the 75th percentile wood targets per Fox and Bolton/WSDOT Hydraulics Manual for that length and BFW (number of key pieces, total number of pieces, and wood volume).
· List the wood being proposed (number of key pieces, total number of pieces, and wood volume). How do they compare to Fox and Bolton and the WSDOT Hydraulics Manual?
· Need two conceptual layouts unless recommending a bridge structure type. One assumes a buried structure and the other assumes a bridge. 
· Include LWM calculations in Appendix F and reference the appendix in the narrative.
· 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.
· State that anchoring is anticipated until stability calculations are completed that indicated otherwise (PHD). FHD state results of stability analysis and what pieces require anchoring.
· Are there any special design considerations for the LWM-structure interaction (e.g., if a wall or wingwall is used, does that change anything?)
· Any site-specific considerations for the proposed design that improve 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 does the project address the specific habitat components that the fish listed in Section 2 would be expected to use 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 feet of the structure; discuss scour and stability concerns
· LWM beneath bridges (not allowed in buried structures)
· Recommendation of no LWM at a site

Restoration Plan:
· PHD – coordinate with WSDOT Landscape Architect (reach out to HQ Hydraulics if uncertain who that is) to develop a conceptual restoration plan. Add brief reference to the concept and that it will be further coordinated and refined as the design progresses
· FHD – included detailed plan and sections figure within the FHD. Also include a write-up describing the restoration efforts and their objectives.
[image: ]
[bookmark: _Toc102626343]Figure 15: Conceptual layout of habitat complexity (provide 2 figures if structure type is not known)

[image: ]
Figure 16: Conceptual layout of restoration (this figure should be refined at FHD to include detailed PSE sheet )

Stability Analysis
For this section, what is included in the PHD versus FHD is different. As described in the instructions, green highlights are PHD only and pink highlights are 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.
Large wood stability analysis will be completed at final design.
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: _Toc102626373]Table 11: Summary of log ballast requirements
	Log (ID number)
	Diameter (in)
	Length (ft)
	Buoyancy factor of safety
	Buoyancy moment (ft/lb)
	Anchor requirements

	
	
	
	
	
	Required ballast (lb)
	Rock placement (man)

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


a. Assumes boulders with submerged specific gravity of 1.65.
b. Negative value indicates anchor and overburden moments exceed buoyant moments. 


[bookmark: _Toc102626305][bookmark: _Toc449090169]Hydraulic Analysis
If a model other than SRH-2D is used, it needs to be approved by HQ Hydraulics and described 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 United States Bureau of Reclamation’s (USBR’s) SRH-2D Version X.X.X computer program, a two-dimensional (2D) hydraulic and sediment transport numerical model (USBR 2017). Pre- and post-processing for this model was completed using SMS Version X.X.X (Aquaveo 2021).
X scenarios were analyzed for determining stream characteristics for NAME Creek with the SRH-2D models: (1) existing conditions with the DESCRIPTION and (2) proposed conditions with the proposed DESCRIPTION installed. Add natural conditions to list and describe it if included in analysis.
[bookmark: _Ref88233593][bookmark: _Toc102626306]Model Development
This section describes the development of the model used for the hydraulic analysis and design.
[bookmark: _Toc102626307]Topographic and Bathymetric Data
The channel geometry data in the model were obtained from the MicroStation and InRoads files supplied by the WSDOT Project Engineer’s Office (PEO), which were developed from topographic surveys performed by NAME OF AGENCY/FIRM WHO DID SURVEY on month day, year. The survey data were supplemented with light detection and ranging (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-conditions site geometry. Also discuss any LiDAR data used and the source of the data if they did not from a survey crew.
[bookmark: _Toc102626308]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: _Toc102626344]Figure 16: Existing-conditions computational mesh with underlying terrain
[image: ]
[bookmark: _Toc102626345]Figure 17: Proposed-conditions computational mesh with underlying terrain
[bookmark: _Toc88574576][bookmark: _Toc102626309]Materials/Roughness
Discuss Manning’s n values selected (for channel, floodplain, roadway, etc.). 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. Explain how LWM was modeled in both existing and proposed conditions (general roughness, local roughness, obstructions, etc.).
[bookmark: _Toc102626374]Table 12: Manning's n hydraulic roughness coefficient values used in the SRH-2D model
	Material
	Manning's n

	
	

	
	

	
	

	
	



[image: ]
[bookmark: _Toc102626346]Figure 18: Spatial distribution of existing-conditions roughness values in SRH-2D model
[image: ]
[bookmark: _Toc102626347]Figure 19: Spatial distribution of proposed-conditions roughness values in SRH-2D model

[bookmark: _Toc102626310]Boundary Conditions
Include inflow/outflow boundary conditions and geometric data for culverts, pressure flow boundaries, etc. Discuss if there are differences in boundary conditions in each existing/proposed conditions. Include discharge values and refer to Section 3 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 boundary conditions annotated on another map, labeling any culverts, pressure boundaries, slip boundary conditions, etc. Include a table or screenshot of inputs for linear boundary condition or HY-8.
Include a downstream boundary condition and all the values that are needed to recreate that information; e.g., 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: _Toc102626348]Figure 20: HY-8 culvert parameters
[image: ]
[bookmark: _Toc102626349]Figure 21: Downstream outflow boundary condition normal depth rating curve
[image: ]
[bookmark: _Ref65163894][bookmark: _Toc78544829][bookmark: _Toc102626350]Figure 22: Existing-conditions boundary conditions (if more than one culvert, add labels with size and materials)
[image: ]
[bookmark: _Ref65163900][bookmark: _Toc78544830][bookmark: _Toc102626351]Figure 23: Proposed-conditions boundary conditions
[bookmark: _Toc88554388][bookmark: _Toc88574579][bookmark: _Toc102626311]Model Run Controls
Include information in SRH-2D Model Control (Start Time, Time Step, End Time, Initial Condition, Turbulence [if not using default values]). Did the model reach a stable steady-state result? Refer to Appendix I for stability plots.
All hydraulic models should undergo a QC check prior to submittal to HQ Hydraulics; see Appendix C of 2D Modeling for Highways in the River Environment (FHWA 2019) for an example formal model review checklist.
[bookmark: _Toc102626312]Model Assumptions and Limitations
Any assumptions that went into the hydraulic model or model limitations shall be included here.
It is not always possible or practical to maintain consistent stationing for watershed-scale long profile, existing-conditions, proposed-conditions, and CAD design stationing. If stationing throughout PHD/FHD varies provide a figure illustrating them all for comparison. Include north arrow, scale, stationing, and label key features.
[bookmark: _Ref87276756][bookmark: _Toc102626313]Existing Conditions
[bookmark: _Hlk87435427]Discuss important findings from model results for water surface (WSE 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. For anything not included refer to the appendix. Include several cross sections in Table 13 and Figure 24 within the project extent as well as multiple cross sections upstream and downstream (including within reference reach). Cross-section figures shall be provided in the appendix at all locations of results presented in tables. Each cross section should show (at a minimum) the 2-year, 100-year, and 500-year and existing ground.
All SMS printouts shall have a north arrow, stationing (starting downstream and going upstream), and scale bar. Stationing of the plan, profile, and section figures should all match.
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—except for depth; depth is channel maximum. If floodplains are what is being evaluated, it would be the average left or right bank floodplain averages presented separately.
For velocity figures use a color ramp with red as higher velocities and blue as slower velocities.
[image: ]
[bookmark: _Ref87435289][bookmark: _Toc102626352][bookmark: _Hlk87435070]Figure 24: Locations of cross sections used for results reporting (show alignment with stationing and label sections to match tables)
[bookmark: _Ref87435267][bookmark: _Toc102626375]Table 13: Average main channel hydraulic results for existing conditions
	Hydraulic parameter
	Cross section
	2-year
	100-year
	500-year

	Average WSE (ft)
	DS XX+XX (A)
	
	
	

	
	DS XX+XX (B)
	
	
	

	
	DS XX+XX (C)
	
	
	

	
	Structure (D)
	NA
	NA
	NA

	
	US XX+XX (E)
	
	
	

	
	US XX+XX (F)
	
	
	

	
	US XX+XX (G)
	
	
	

	Max depth (ft)
	DS XX+XX (A)
	
	
	

	
	DS XX+XX (B)
	
	
	

	
	DS XX+XX (C)
	
	
	

	
	Structure (D)
	NA
	NA
	NA

	
	US XX+XX (E)
	
	
	

	
	US XX+XX (F)
	
	
	

	
	US XX+XX (G)
	
	
	

	Average velocity (ft/s)
	DS XX+XX (A)
	
	
	

	
	DS XX+XX (B)
	
	
	

	
	DS XX+XX (C)
	
	
	

	
	Structure (D)
	NA
	NA
	NA

	
	US XX+XX (E)
	
	
	

	
	US XX+XX (F)
	
	
	

	
	US XX+XX (G)
	
	
	

	Average shear (lb/SF)
	DS XX+XX (A)
	
	
	

	
	DS XX+XX (B)
	
	
	

	
	DS XX+XX (C)
	
	
	

	
	Structure (D)
	NA
	NA
	NA

	
	US XX+XX (E)
	
	
	

	
	US XX+XX (F)
	
	
	

	
	US XX+XX (G)
	
	
	


Main channel extents were approximated explain methodology (e.g., by 2-year event water surface top widths, inspection of the topographic grade breaks, combination, etc. ).
[image: ]
[bookmark: _Toc102626353]Figure 25: Existing-conditions water surface profiles
[image: ]
[bookmark: _Toc102626354]Figure 26: Typical upstream existing channel cross section (STA X+XX)

[image: ]
[bookmark: _Toc102626355]Figure 27: 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: _Toc102626376]Table 14: Existing-conditions average channel and floodplains velocities
	Cross-section location
	Q100 average velocities tributary scenario (ft/s)

	
	LOBa
	Main channel
	ROBa

	DS XX+XX
	
	
	

	DS XX+XX
	
	
	

	DS XX+XX
	
	
	

	Structure XX+XX
	NA
	NA
	NA

	US XX+XX
	
	
	

	US XX+XX
	
	
	

	US XX+XX
	
	
	


Right overbank (ROB)/left overbank (LOB) locations were approximated explain methodology (e.g., by 2-year event water surface top widths, inspection of the topographic grade breaks, combination, etc.).
[bookmark: _Ref87276760][bookmark: _Toc102626314]Natural Conditions (if applicable, sections and requirements are the same as above, do not delete heading if section is not needed)
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 (e.g., existing structure and roadway fill). 
If a natural-conditions model is not necessary because the system is confined, do not delete this heading to keep section numbers the same between all PHDs. Simply state “A natural-conditions model was not required as the system is confined.”
[bookmark: _Toc88554393][bookmark: _Toc88574584][bookmark: _Ref86999803][bookmark: _Toc102626315]Proposed Conditions: X-foot Minimum Hydraulic Width
The hydraulic width 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 modeling assumes vertical walls at the edge of the minimum hydraulic width unless otherwise specified. See Section 4.2.2 for a description of how the minimum hydraulic width was determined.
[bookmark: _Hlk87435572]Discuss important findings from model results for water surface (WSE 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. For anything not included refer to the appendix. Include several cross sections in Table 15 and Figure 28 within the project grading extent as well as multiple cross sections upstream and downstream (including within the reference reach). Cross-section figures shall be provided in the appendix at all locations of results presented in tables within this section. Each cross section should show (at a minimum) the 2-year, 100-year, 2080 100-year, 500-year, and proposed ground. The flows should hit the same breaklines as the existing conditions within the reference reach. If they do not, need to discuss why the shape is different 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 are used. Table 16 should include the floodplain left bank, main channel, and right bank average velocities. In situations where there is no floodplain, remove those tables. How the floodplain flows compare to the adjacent reaches should be discussed.
For velocity figures use a color ramp with red as higher velocities and blue as slower velocities.
[image: ]
[bookmark: _Ref65243040][bookmark: _Toc78544838][bookmark: _Toc102626356]Figure 28: Locations of cross sections on proposed alignment used for results reporting
[bookmark: _Ref86995759][bookmark: _Toc102626377]Table 15: Average main channel hydraulic results for proposed conditions 
	Hydraulic parameter
	Cross section
	2-year
	100-year
	Projected 2080 100-year
	500-year

	Average WSE (ft)
	DS XX+XX (A)
	
	
	
	

	
	DS XX+XX (B)
	
	
	
	

	
	DS XX+XX (C)
	
	
	
	

	
	Structure XX+XX (D)
	
	
	
	

	
	US XX+XX (E)
	
	
	
	

	
	US XX+XX (F)
	
	
	
	

	
	US XX+XX (G)
	
	
	
	

	Max depth (ft)
	DS XX+XX (A)
	
	
	
	

	
	DS XX+XX (B)
	
	
	
	

	
	DS XX+XX (C)
	
	
	
	

	
	Structure XX+XX (D)
	
	
	
	

	
	US XX+XX (E)
	
	
	
	

	
	US XX+XX (F)
	
	
	
	

	
	US XX+XX (G)
	
	
	
	

	Average velocity (ft/s)
	DS XX+XX (A)
	
	
	
	

	
	DS XX+XX (B)
	
	
	
	

	
	DS XX+XX (C)
	
	
	
	

	
	Structure XX+XX (D)
	
	
	
	

	
	US XX+XX (E)
	
	
	
	

	
	US XX+XX (F)
	
	
	
	

	
	US XX+XX (G)
	
	
	
	

	Average shear 
(lb/SF)
	DS XX+XX (A)
	
	
	
	

	
	DS XX+XX (B)
	
	
	
	

	
	DS XX+XX (C)
	
	
	
	

	
	Structure XX+XX (D)
	
	
	
	

	
	US XX+XX (E)
	
	
	
	

	
	US XX+XX (F)
	
	
	
	

	
	US XX+XX (G)
	
	
	
	



[image: ]
[bookmark: _Toc102626357]Figure 29: Proposed-conditions water surface profiles

[image: ]
[bookmark: _Toc102626358]Figure 30: Typical section through proposed structure (STA X+XX)
[image: ]
[bookmark: _Toc102626359]Figure 31: Proposed-conditions 100-year velocity map 
Two maps are necessary for the 100-year if the above map does not cover the entire area.
[bookmark: _Ref86995612][bookmark: _Toc102626378]Table 16: Proposed-conditions average channel and floodplains velocities
	Cross-section location
	Q100 average velocities (ft/s)
	2080 Q100 average velocity (ft/s)

	
	LOBa
	Main channel
	ROBa
	LOBa
	Main channel
	ROBa

	DS XX+XX (A)
	
	
	
	
	
	

	DS XX+XX (B)
	
	
	
	
	
	

	DS XX+XX (C)
	
	
	
	
	
	

	Structure XX+XX (D)
	
	
	
	
	
	

	US XX+XX (E)
	
	
	
	
	
	

	US XX+XX (F)
	
	
	
	
	
	

	US XX+XX (G)
	
	
	
	
	
	


Right overbank (ROB)/left overbank (LOB) locations were approximated explain methodology (e.g., by 2-year event water surface top widths, inspection of the topographic grade breaks, combination, etc.). 

[bookmark: _Toc87279414][bookmark: _Toc87282108][bookmark: _Toc87282922][bookmark: _Toc87279415][bookmark: _Toc87282109][bookmark: _Toc87282923][bookmark: _Toc87279416][bookmark: _Toc87282110][bookmark: _Toc87282924][bookmark: _Toc87279417][bookmark: _Toc87282111][bookmark: _Toc87282925][bookmark: _Toc87279418][bookmark: _Toc87282112][bookmark: _Toc87282926][bookmark: _Toc87279419][bookmark: _Toc87282113][bookmark: _Toc87282927][bookmark: _Toc87279420][bookmark: _Toc87282114][bookmark: _Toc87282928][bookmark: _Toc87279474][bookmark: _Toc87282168][bookmark: _Toc87282982][bookmark: _Toc87279475][bookmark: _Toc87282169][bookmark: _Toc87282983][bookmark: _Toc87279476][bookmark: _Toc87282170][bookmark: _Toc87282984][bookmark: _Toc87279477][bookmark: _Toc87282171][bookmark: _Toc87282985][bookmark: _Toc87279478][bookmark: _Toc87282172][bookmark: _Toc87282986][bookmark: _Toc87279479][bookmark: _Toc87282173][bookmark: _Toc87282987][bookmark: _Toc87279480][bookmark: _Toc87282174][bookmark: _Toc87282988][bookmark: _Toc87279481][bookmark: _Toc87282175][bookmark: _Toc87282989][bookmark: _Toc87279482][bookmark: _Toc87282176][bookmark: _Toc87282990][bookmark: _Toc87279483][bookmark: _Toc87282177][bookmark: _Toc87282991][bookmark: _Toc87279484][bookmark: _Toc87282178][bookmark: _Toc87282992][bookmark: _Toc87279485][bookmark: _Toc87282179][bookmark: _Toc87282993][bookmark: _Toc87279486][bookmark: _Toc87282180][bookmark: _Toc87282994][bookmark: _Toc87279487][bookmark: _Toc87282181][bookmark: _Toc87282995][bookmark: _Toc87279488][bookmark: _Toc87282182][bookmark: _Toc87282996][bookmark: _Toc87279489][bookmark: _Toc87282183][bookmark: _Toc87282997][bookmark: _Toc87279490][bookmark: _Toc87282184][bookmark: _Toc87282998][bookmark: _Toc87279491][bookmark: _Toc87282185][bookmark: _Toc87282999][bookmark: _Toc87279492][bookmark: _Toc87282186][bookmark: _Toc87283000][bookmark: _Toc87279493][bookmark: _Toc87282187][bookmark: _Toc87283001][bookmark: _Toc87279494][bookmark: _Toc87282188][bookmark: _Toc87283002][bookmark: _Toc87279495][bookmark: _Toc87282189][bookmark: _Toc87283003][bookmark: _Toc87279496][bookmark: _Toc87282190][bookmark: _Toc87283004][bookmark: _Toc87279497][bookmark: _Toc87282191][bookmark: _Toc87283005][bookmark: _Toc87279498][bookmark: _Toc87282192][bookmark: _Toc87283006][bookmark: _Toc87279499][bookmark: _Toc87282193][bookmark: _Toc87283007][bookmark: _Toc87279500][bookmark: _Toc87282194][bookmark: _Toc87283008][bookmark: _Toc87279501][bookmark: _Toc87282195][bookmark: _Toc87283009][bookmark: _Toc87279502][bookmark: _Toc87282196][bookmark: _Toc87283010][bookmark: _Toc87279503][bookmark: _Toc87282197][bookmark: _Toc87283011][bookmark: _Toc87279504][bookmark: _Toc87282198][bookmark: _Toc87283012][bookmark: _Toc87279505][bookmark: _Toc87282199][bookmark: _Toc87283013][bookmark: _Toc87279506][bookmark: _Toc87282200][bookmark: _Toc87283014][bookmark: _Toc87279507][bookmark: _Toc87282201][bookmark: _Toc87283015][bookmark: _Toc87279508][bookmark: _Toc87282202][bookmark: _Toc87283016][bookmark: _Toc87279509][bookmark: _Toc87282203][bookmark: _Toc87283017][bookmark: _Toc87279510][bookmark: _Toc87282204][bookmark: _Toc87283018][bookmark: _Toc87279511][bookmark: _Toc87282205][bookmark: _Toc87283019][bookmark: _Toc87279512][bookmark: _Toc87282206][bookmark: _Toc87283020][bookmark: _Toc87279513][bookmark: _Toc87282207][bookmark: _Toc87283021][bookmark: _Toc87279524][bookmark: _Toc87282218][bookmark: _Toc87283032][bookmark: _Toc87279532][bookmark: _Toc87282226][bookmark: _Toc87283040][bookmark: _Toc87279540][bookmark: _Toc87282234][bookmark: _Toc87283048][bookmark: _Toc87279548][bookmark: _Toc87282242][bookmark: _Toc87283056][bookmark: _Toc87279556][bookmark: _Toc87282250][bookmark: _Toc87283064][bookmark: _Toc87279564][bookmark: _Toc87282258][bookmark: _Toc87283072][bookmark: _Toc87279572][bookmark: _Toc87282266][bookmark: _Toc87283080][bookmark: _Toc87279580][bookmark: _Toc87282274][bookmark: _Toc87283088][bookmark: _Toc87279588][bookmark: _Toc87282282][bookmark: _Toc87283096][bookmark: _Toc87279596][bookmark: _Toc87282290][bookmark: _Toc87283104][bookmark: _Toc87279604][bookmark: _Toc87282298][bookmark: _Toc87283112][bookmark: _Toc87279612][bookmark: _Toc87282306][bookmark: _Toc87283120][bookmark: _Toc87279620][bookmark: _Toc87282314][bookmark: _Toc87283128][bookmark: _Toc87279628][bookmark: _Toc87282322][bookmark: _Toc87283136][bookmark: _Toc87279636][bookmark: _Toc87282330][bookmark: _Toc87283144][bookmark: _Toc87279644][bookmark: _Toc87282338][bookmark: _Toc87283152][bookmark: _Toc87279652][bookmark: _Toc87282346][bookmark: _Toc87283160][bookmark: _Toc87279660][bookmark: _Toc87282354][bookmark: _Toc87283168][bookmark: _Toc87279668][bookmark: _Toc87282362][bookmark: _Toc87283176][bookmark: _Toc87279676][bookmark: _Toc87282370][bookmark: _Toc87283184][bookmark: _Toc87279684][bookmark: _Toc87282378][bookmark: _Toc87283192][bookmark: _Toc87279692][bookmark: _Toc87282386][bookmark: _Toc87283200][bookmark: _Toc87279700][bookmark: _Toc87282394][bookmark: _Toc87283208][bookmark: _Toc87279708][bookmark: _Toc87282402][bookmark: _Toc87283216][bookmark: _Toc87279716][bookmark: _Toc87282410][bookmark: _Toc87283224][bookmark: _Toc87279724][bookmark: _Toc87282418][bookmark: _Toc87283232][bookmark: _Toc87279732][bookmark: _Toc87282426][bookmark: _Toc87283240][bookmark: _Toc87279740][bookmark: _Toc87282434][bookmark: _Toc87283248][bookmark: _Toc87279748][bookmark: _Toc87282442][bookmark: _Toc87283256][bookmark: _Toc87279756][bookmark: _Toc87282450][bookmark: _Toc87283264][bookmark: _Toc87279764][bookmark: _Toc87282458][bookmark: _Toc87283272][bookmark: _Toc87279772][bookmark: _Toc87282466][bookmark: _Toc87283280][bookmark: _Toc87279780][bookmark: _Toc87282474][bookmark: _Toc87283288][bookmark: _Toc87279788][bookmark: _Toc87282482][bookmark: _Toc87283296][bookmark: _Toc87279789][bookmark: _Toc87282483][bookmark: _Toc87283297][bookmark: _Toc87279790][bookmark: _Toc87282484][bookmark: _Toc87283298][bookmark: _Floodplain_Changes][bookmark: _Ref87020283][bookmark: _Ref16671591][bookmark: _Ref85706999][bookmark: _Toc102626316][bookmark: _Toc477954058][bookmark: _Toc449090176]Floodplain Evaluation
This project is/is not within a FEMA special flood hazard area (SFHA) (state which one) Zone A, Zone AE, etc.; see Appendix A for FIRM or FIRMette. The existing-project and expected proposed-project conditions were evaluated to determine whether the project would cause a change in flood risk. 
For FHD add the following text; do not include in PHD: See Appendix L for (floodplain analysis, no-rise, zero-rise, CLOMR, etc.).
[bookmark: _Toc87279792][bookmark: _Toc87282486][bookmark: _Toc87283300][bookmark: _Toc87279793][bookmark: _Toc87282487][bookmark: _Toc87283301][bookmark: _Toc87279794][bookmark: _Toc87282488][bookmark: _Toc87283302][bookmark: _Toc102626317]Water Surface Elevations (PHD only, delete section for FHD as the analysis will be provided as an Appendix)
Describe what changes if any will occur to the water surface elevations at storms of interest. State distance where 100-year existing and proposed WSEs converge. 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, both a profile and plan view showing the differences in WSE between the existing and proposed surfaces.
A flood risk assessment will be developed during later stages of the design.
[image: ]
[bookmark: _Ref65502828][bookmark: _Toc78544844][bookmark: _Toc102626360]Figure 32: Existing- and proposed-conditions 100-year water surface profile comparison along proposed alignment
[image: ]
[bookmark: _Ref65502837][bookmark: _Toc78544845][bookmark: _Toc102626361]Figure 33: 100-year WSE change from existing to proposed conditions (add FEMA zone extents and GIS parcels to figure)

[bookmark: _Toc88554397][bookmark: _Toc88574588][bookmark: _Toc88554398][bookmark: _Toc88574589][bookmark: _Toc87279796][bookmark: _Toc87282490][bookmark: _Toc87283304][bookmark: _Toc87279797][bookmark: _Toc87282491][bookmark: _Toc87283305][bookmark: _Toc87279798][bookmark: _Toc87282492][bookmark: _Toc87283306][bookmark: _Toc87279799][bookmark: _Toc87282493][bookmark: _Toc87283307][bookmark: _Toc87279800][bookmark: _Toc87282494][bookmark: _Toc87283308][bookmark: _Toc87279801][bookmark: _Toc87282495][bookmark: _Toc87283309][bookmark: _Toc87279802][bookmark: _Toc87282496][bookmark: _Toc87283310][bookmark: _Toc87279803][bookmark: _Toc87282497][bookmark: _Toc87283311][bookmark: _Toc87279804][bookmark: _Toc87282498][bookmark: _Toc87283312][bookmark: _Toc87279805][bookmark: _Toc87282499][bookmark: _Toc87283313][bookmark: _Scour_Analysis_(FHD][bookmark: _Scour_Analysis][bookmark: _Ref87005539][bookmark: _Ref15286604][bookmark: _Toc102626318][bookmark: _Hlk101281110]Preliminary or Structure Free Zone or Final Scour Analysis 	Comment by HQ Hydraulics: If there is a need for a separate scour memorandum, it needs to include a general project description, background as to what the scour analyses is for and the dimension for the minimum hydraulic opening, structure free zone or final structure span.
Non-italics in this section are not instructions, but template language. 
This section is used as a scour analysis for multiple phases of a project.  Each phase will have various levels of available data and therefore will need to be updated as the design progresses. The preliminary scour analysis is based on minimum hydraulic opening (PHD). The updated preliminary scour analysis is based on the structure free zone (do not update PHD, utilize a memorandum). The final scour analysis is based on the final structure (FHD).
See WSDOT Hydraulics Manual for additional guidance and the definition of scour design flood and scour check flood.  Contact HQ Hydraulics to determine if the design shall incorporate the 2080 100-year projected discharge (flood). For this preliminary phase of the project, the risk for lateral migration, potential for long-term degradation and evaluation of preliminary total scour is based on available data, including but not limited to (specify available data such as the geotechnical scoping memorandum, or data package, or assumptions if no data is available. DO NOT DELAY PHD PROCESS!).  Coordinate with the geotechnical scoping lead early in the development of the PHD to see if this data is available or can be collected. This evaluation is to be considered preliminary and is not to be taken as a final recommendation. For this FHD, the risk for lateral migration, potential for long-term degradation, and evaluation of total scour are based on (specify available data such as the final geotechnical report dated XX/XX/XXXX.  
[bookmark: _Hlk102735395]Using the results of the hydraulic analysis (Section 5.4), based on the recommended minimum hydraulic opening or structure free zone or final structure, and considering the potential for lateral channel migration, preliminary or updated preliminary or final scour calculations for the scour design flood and scour check flood (Evaluate all flows up to the scour design flood and scour check flood to determine the deepest depth of scour for each scour component.  Document the flow that causes the maximum depth of scour for each scour component for the scour design flood and scour check flood) were performed following the procedures outlined in Evaluating Scour at Bridges, HEC No. 18 (Arneson et al. 2012). Use the FHWA Hydraulic Toolbox for calculating various scour components (except long-term degradation). Do not use the plotting tool in the FHWA Hydraulic Toolbox, instead report depth of scour values for various infrastructure components (e.g., water crossing structure foundations, walls, roadway embankment, scour countermeasures, etc.) to be designed in Section 7.5.  Coordinate with the geotechnical and structure engineers at each design phase to ensure all disciplines clearly understand assumptions and scour elevations at each structure component.  Include the .hyd file with the PHD/FHD/Scour Memorandum. Scour components considered in the analysis include:
Long-term degradation
Contraction scour
Local scour
In addition to the three scour components listed above, the potential for lateral migration was assessed to evaluate total scour at the proposed highway infrastructure. These various scour components will be discussed in the following sections.
[bookmark: _Toc449090177][bookmark: _Toc102626319]Lateral Migration
[bookmark: _Toc449090178]Describe lateral migration risk within the project reach and at the crossing, at minimum based on the variables and evaluations below:
· The presence of non-erodible soils based on available geotechnical data. This can be accomplished through geotechnical bore logs, hand augers, or other approved soil investigation methods. 
· The evaluation of historical/existing conditions vs expected future conditions with the proposed stream design. Primarily, the analysis will evaluate what the expected lateral migration will be in the future based on how the stream may adjust over the life of the structure. This evaluation shall refer to Section 2.7.4 and 7.2, which includes the determination of whether the site is considered aggrading or degrading and how will that change in future conditions as the stream develops its natural equilibrium gradient.
· The evaluation of the dynamic physical process of stream sinuosity and channel meandering capabilities in consideration of the proposed design. The information from this evaluation is used to predict the streams migration pattern based on the proposed design.
· The evaluation of the existing and proposed hydraulic models and the evaluation of the potential effects of the shear stress and velocity of the stream in consideration of the proposed design and how it relates to the expected future condition of the stream. This information is used to predict the streams scour and bank erosion potential with the proposed design and assess changes in stream characteristics between existing and proposed conditions.
· If a scour countermeasure (i.e., rock revetment) is required to protect against lateral migration, conduct a geometric evaluation of where the stream may move laterally and determine angles of attack of the stream in relation to the various infrastructure components. This evaluation is to determine the spatial extents of scour protection needed based on the potential for lateral migration. 

At the PHD stage, the risk to lateral migration in relation to the structure is assumed to occur (i.e., not a low risk) unless detailed geotechnical data (i.e., competent bedrock, geotechnical evaluation for soil erodibility, stream power vs. soil erodibility, etc.) is available to support the assessment of no lateral migration being anticipated over the life (75+ years) of the proposed structure(s). 

Lateral migration risk in this section should cover the risk to the various infrastructure components and whether any countermeasures are required. The designer should consider whether there is a risk that the stream will migrate to the bridge foundations, walls, or the roadway embankment and whether countermeasures are needed to prevent that migration. Scour countermeasures can mitigate all or some components of total scour at walls and roadway embankments through coordination with the region design team and approval by hydraulics, bridge, and the geotechnical offices. Total scour for structure foundations shall not rely on the scour countermeasure. Any countermeasures being recommended should be mentioned here; refer to Section 8 for more detailed description and required analysis.
[bookmark: _Ref35872848][bookmark: _Ref35872859][bookmark: _Ref35872909][bookmark: _Toc102626320]Long‐term Degradation of the Channel Bed
This section should contain the detailed analysis (figures, calculations, and discussion) for long-term degradation. Previous sections throughout the PHD or FHD should summarize the results and refer to this section for more details.
Describe long-term degradation risk. Coordinate with the geotechnical scoping lead early in the development of the PHD to see if supporting geotechnical data is available or can be collected. If additional information is needed to quantify the long-term degradation risk, explain that here. 
For the PHD, preliminary long-term degradation shall be quantified, (e.g., There is a potential for X to X feet of long-term degradation). 
For the FHD, long-term degradation shall be quantified based on the final geotechnical report and other supporting data. 
Describe the methodology used to determine the range of anticipated long-term degradation and the justification for how the base-level control was determined. Base-level controls often occur outside of right-of-way and potentially survey limits. Use reach based longitudinal profile (Figure 11) to assess location of base-level control. However, if a geotechnical analysis determines that there is competent bedrock or non-erodible material at a depth shallower than this range, the risk for long-term degradation will be reduced to the depth of competent bedrock or non-erodible material. 
 
[bookmark: _Toc102626362]Figure 34: Potential long-term degradation at the proposed structure (include profile figure illustrating visual equilibrium projection or calculated equilibrium slope projection if used to quantify long-term degradation, assumed base-level control (from Figure 11) and how degradation was measured at various locations)
[bookmark: _Toc88554402][bookmark: _Toc88574593][bookmark: _Toc449090179][bookmark: _Toc102626321]Contraction Scour
Describe type of contraction scour (e.g., clear-water or live-bed) and how much contraction scour is expected for the scour design flood and scour check flood. Use the results of the hydraulic (Section 5.4) analysis and proposed geometry based on the recommended minimum hydraulic opening or structure free zone or final structure
[bookmark: _Toc449090180][bookmark: _Toc102626322]Local Scour
Describe type and amount of local scour (e.g., pier scour, bend scour, abutment scour, etc.) for the scour design flood and scour check flood. Use the results of the hydraulic analysis (Section 5.4) and proposed geometry based on the recommended minimum hydraulic opening or structure free zone or final structure
Examples of various local scour components are provided below.  Designer needs to determine the most appropriate types of scour at the crossing and correctly apply equations applicable to the site.
[bookmark: _Toc102626323]Pier Scour
If crossing has piers summarize pier scour, otherwise; The crossing will not have piers and therefore pier scour was not calculated.

[bookmark: _Toc102626324]Abutment Scour
Select one of the options below.
Abutment scour was not quantified at the crossing because the proposed abutments are located outside the extents of the proposed 500-year floodplain and 2080 projected 100-year floodplain (when HQ Hydraulics approves it practicable), whichever is greater.
or
Abutment scour was estimated using the National Cooperative Highway Research Program (NCHRP) 24-20 approach for the scour design flood and scour check flood. The abutment scour calculated using the NCHRP methodology includes contraction scour, therefore contraction scour should not be added to total scour since it is part of abutment scour. Similar to contraction scour, abutment scour has live-bed and clear-water conditions depending on the amount of bed material transported from the upstream reach. Describe type of abutment scour (e.g., clear-water or live-bed) and how much abutment scour is expected for the scour design flood and scour check flood.
Abutment scour equations estimate depths of scour of X.X feet and X.X feet at the scour design flood and scour check flood, respectively.
Add discussion of where the abutment scour is applied to and how it is accounted for in the total scour. For minimum hydraulic opening and structure free zone assume a vertical wall for estimating abutment scour and clearly state/communicate this assumption with other disciplines. For FHD, abutment geometry should be included in the final surface / 2D hydraulic model.

[bookmark: _Toc102626325]Bend Scour
Select one of the options below.
Bend scour was not quantified at this crossing given the lack of anticipated bends in the vicinity of the crossing.
or
Bend scour was calculated following the methodology outlined in HEC-23 (Lagasse et al. 2009). Depth of bend scour was estimated using Maynord’s method. The analysis indicates that the depth of bend scour is X.X feet.
[bookmark: _Toc449090182][bookmark: _Ref102550249][bookmark: _Toc102626326][bookmark: _Hlk87018612]Total Scour
[bookmark: _Hlk87018603][bookmark: _Hlk87018923]Use the results of the hydraulic analysis and proposed geometry based on the recommended minimum hydraulic opening or structure free zone or final structure to determine total scour. See WSDOT Hydraulics Manual for additional guidance and definition of the scour design flood and scour check flood (Evaluate all flows up to the scour design flood and scour check flood to determine the deepest depth of scour for each scour component.  Document the flow that causes the maximum depth of scour for each scour component for the scour design flood and scour check flood). Contact HQ Hydraulics to determine if the design shall incorporate the 2080 100-year projected discharge (flood). This section and Table 17 contains a simplified example. PHD/FHD author needs to modify Table 17 (add additional Tables, as needed) and corresponding text to present various scour component results at appropriate infrastructure component locations (e.g., left/right, upstream/downstream abutment foundation, left/right, upstream/downstream walls, etc.). For example, a skewed crossing may have different scour elevations at the structure’s left/ right and upstream/downstream abutment foundations, etc. 
In addition to Table 17, additional Tables for other infrastructure components (e.g., walls, roadway embankment, scour countermeasures, etc.) should be added, as needed. Coordination with HQ Hydraulics, HQ Geotechnical, HQ Bridge, and the Project Office is required to determine risk level for each infrastructure component at the scour design flood and scour check flood. 
[bookmark: _Hlk101773210]If scour countermeasures are required for various infrastructure components (e.g., structure, walls, roadway embankments, etc.), coordination with HQ Hydraulics, HQ Geotechnical, HQ Bridge, and the Project Office is required. 
Calculated total depths of scour for the scour design flood and scour check flood at the proposed NAME Creek infrastructure components as shown in the plans dated MONTH DAY, YEAR, are provided in Table 17 (add additional Tables, as needed). HQ Hydraulics recommends that each infrastructure component be designed to account for the depths of scour provided in Table 17 (refer to additional Tables).  At the structure free zone and final structure phases, document the coordination with the Project Office, HQ Geotechnical and HQ Bridge to ensure the provided depths of total scour are being correctly applied to determine the total scour elevations at each infrastructure component.
[bookmark: _Ref12882437][bookmark: _Toc102626379]
Table 17: Scour analysis summary (Author to provide additional tables for various infrastructure components. Coordinate with Geotechnical and Structural Engineer to make sure all locations where total scour is needed are provided.)
	Calculated Scour Components and Total Scour for SR X NAME Creek

	
	

	
	Scour design flood
	Scour check flood

	Long-term degradation (ft)
	X.X
	X.X

	Contraction scour (ft)
	X.X
	X.X

	Local scour (ft)a
	X.X
	X.X

	Total depth of scour (ft)b
	X.X
	X.X


a. Author to provide additional rows explaining what components of local scour (e.g., pier, wall, bend, abutment, etc.) are included. 
b. For channels that are anticipated to laterally migrate, depth of total scour should be applied to the thalweg elevation of the proposed channel to determine the total scour elevation at each infrastructure component (e.g., structure, walls, roadway embankments, scour countermeasure, etc.). If risk of lateral migration is low over design life of the infrastructure component, use existing ground elevations at base of infrastructure component.


[bookmark: _Toc88554406][bookmark: _Toc88574597][bookmark: _Ref87368677][bookmark: _Toc102626327]Scour Countermeasures
If scour countermeasures are needed, they will not encroach within the minimum hydraulic opening (See WSDOT Hydraulics Manual Figures 7-8 and 7-9) unless there has been additional coordination and acceptance from WDFW and Tribes, add discussion here. 
If key piece LWM are proposed or accumulations of LWM are anticipated inside a water crossing structure, a scour countermeasure will be required.  
See WSDOT Hydraulics Manual Chapter 7-4.11 Scour Countermeasures (2022) for design guidance. PHD to document preliminary type (preliminary typical section using estimated scour determined in Section 7.5 (Section 7-4.11 in WSDOT HM) and WSEs determined in Section 5.4 (Section 4-6.2.2 in WSDOT HM)) and extents (plan view of preliminary extents upstream and downstream of crossing; and vertically from the estimated depths of scour at the scour check flood, to 1 foot above the 100-year WSE) for proposed scour countermeasures to facilitate discussion if additional TCE, ROW, SFZ, etc. limits are required. FHD to document details on the countermeasure design (final typical section using scour determined in Section 7.5 (Section 7-4.11 in WSDOT HM) and WSEs determined in Section 5.4 (Section 4-6.2.2 in WSDOT HM)), sizing and extents (plan view of final extents upstream and downstream of crossing; and vertically from the depths of scour at the scour check flood to 1 foot above the 100-year WSE). Section should also document design analysis. 
To assist in the protection of the proposed NAME Creek structure(s), walls and roadway embankment as shown in the plans dated MONTH DAY, YEAR, scour countermeasures were designed and evaluated utilizing guidance outlined in Bridge Scour and Stream Instability Countermeasures Hydraulic Engineering Circular No. 23 3rd Edition (HEC-23) (Lagasse et al., 2009). Calculations (Appendix M) for each method were based on channel hydraulics modeled utilizing SRH-2D as described in Section 5.Use the FHWA Hydraulic Toolbox for scour countermeasure design Include the .hyd file with the PHD/FHD/Scour Memorandum


[bookmark: _Toc102626328]Summary 
Table 18 presents a summary of the results of this PHD Report.
Hydraulic commitments made throughout the PHD/FHD review process should be described and documented here. Typical commitments discussed during reviews are LWM, habitat features, scour, design slope, structure type, etc. 
[bookmark: _Ref54605448][bookmark: _Toc102626380]Table 18: Report summary
	Stream crossing category
	Element
	Value
	Report location

	Habitat gain
	Total length
	XXXX LF
	2.1 Site Description

	Bankfull width
	Reference reach found?
	Yes/No
	2.7.1 Reference Reach Selection

	
	Design BFW
	X.X ft
	2.7.2 Channel Geometry 

	
	Concurrence BFW 
	X.X ft
	2.7.2 Channel Geometry 

	Floodplain utilization ratio (FUR)
	Flood-prone width
	X.X ft
	2.7.2.1 Floodplain Utilization Ratio

	
	Average FUR
	X.X (add two values if different for US/DS)
	2.7.2.1 Floodplain Utilization Ratio

	Channel morphology
	Existing
	See link
	2.7.2 Channel Geometry

	
	Proposed
	See link
	4.3.2 Channel Complexity

	Hydrology/design flows
	100 yr flow
	XX cfs
	3 Hydrology and Peak Flow Estimates

	
	2080 100 yr flow
	XX cfs
	3 Hydrology and Peak Flow Estimates

	
	2080 100 yr used for design
	Y/N (elaborate if used for width but not freeboard, etc.)
	3 Hydrology and Peak Flow Estimates

	
	Dry channel in summer
	Yes/No
	3 Hydrology and Peak Flow Estimates

	Channel geometry
	Existing
	See link
	2.7.2 Channel Geometry

	
	Proposed
	See link
	4.1.1 Channel Planform and Shape

	Channel slope/gradient
	Existing culvert
	X.X%
	2.6.2 Existing Conditions

	
	Reference reach 
	X.X%
	2.7.1 Reference Reach Selection

	
	Proposed
	X.XX%
	4.1.3 Channel Gradient

	Hydraulic width
	Existing
	X ft
	2.6.2 Existing Conditions

	
	Proposed
	XX ft
	4.2.2 Hydraulic Width

	
	Added for climate resilience
	Yes/No
	4.2.2 Hydraulic Width

	Vertical clearance
	Required freeboard
	X.X ft
	4.2.3 Vertical Clearance

	
	Required freeboard applied to 100 yr or 2080 100 yr
	100 yr/2080 100 yr
	4.2.3 Vertical Clearance

	
	Maintenance clearance
	Recommended/Required X ft
	4.2.3 Vertical Clearance

	
	Low chord elevation
	See link
	4.2.3 Vertical Clearance

	Crossing length
	Existing
	X.X ft
	2.6.2 Existing Conditions

	
	Proposed
	X.X ft
	4.2.4 Hydraulic Length

	Structure type 
	Recommendation
	Yes/No
	4.2.6 Structure Type

	
	Type
	
	4.2.6 Structure Type

	Substrate
	Existing
	See link
	2.7.3 Sediment

	
	Proposed
	See link
	4.3.1 Bed Material

	
	Coarser than existing?
	Yes/No
	4.3.1 Bed Material

	Channel complexity
	LWM for bank stability
	Yes/No
	4.3.2 Channel Complexity

	
	LWM for habitat
	Yes/No
	4.3.2 Channel Complexity

	
	LWM within structure
	Yes/No
	4.3.2 Channel Complexity

	
	Meander bars
	#
	4.3.2 Channel Complexity

	
	Boulder clusters
	#
	4.3.2 Channel Complexity

	
	Coarse bands
	#
	4.3.2 Channel Complexity

	
	Mobile wood
	Yes/No
	4.3.2 Channel Complexity

	Floodplain continuity
	FEMA mapped floodplain
	Yes/No
	6 Floodplain Evaluation

	
	Lateral migration
	Yes/No
	2.7.5 Channel Migration

	
	Floodplain changes?
	Yes/No
	6 Floodplain Evaluation

	Scour
	Analysis
	See link
	7 Scour Analysis 

	
	Scour countermeasures
	Yes/No/Determined at FHD
	8 Scour Countermeasures

	Channel degradation
	Potential?
	Range
	7.2 Long‐term Degradation of the Channel Bed

	Channel degradation
	Allowed?
	Yes/No
	7.2 Long‐term Degradation of the Channel Bed
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Do not revise appendices lettering, so we can keep consistent between PHDs. If an appendix is not used simply add a note to the fly sheet that it was not used or is not applicable to this crossing. Add additional appendices below standard list if needed.
Appendix A: FEMA Floodplain Map 
Appendix B: Hydraulic Field Report Form
Appendix C: Streambed Material Sizing Calculations
Appendix D: Stream Plan Sheets, Profile, Details
Appendix E: Manning’s Calculations
Appendix F: Large Woody Material Calculations
Appendix G: Future Projections for Climate-Adapted Culvert Design
Appendix H: SRH-2D Model Results
Appendix I: SRH-2D Model Stability and Continuity
Appendix J: 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)
Appendix K: Scour Calculations 
Appendix L: Floodplain Analysis (FHD ONLY)
Appendix M: Scour Countermeasure Calculations (FHD ONLY)
Appendix A: FEMA Floodplain Map


Appendix B: Hydraulic Field Report Form





Appendix C: Streambed Material Sizing Calculations


Appendix D: Stream Plan Sheets, Profile, Details


[bookmark: _Hlk88465424]Appendix E: Manning’s Calculations If needed to support values chosen


[bookmark: _Hlk88465471]Appendix F: Large Woody Material Calculations
LWM density and volume calculations to be included in PHD and FHD.
LWM stability calculations to be included in FHD.
[bookmark: _Hlk88465479][bookmark: _Hlk88465484]
Appendix G: Future Projections for Climate-Adapted Culvert Design 


[bookmark: _Hlk88465494]Appendix H: SRH-2D Model Results
Include at a minimum: 
Plan views of existing, natural, and proposed WSEs, depth, velocity, and shear
Profile of existing, natural, and proposed showing all modeled flows
Cross sections of existing, natural, and proposed at all sections that results are summarized in Sections 5.2, 5.3, and 5.4.
Stationing between plan, profile, and cross sections should match so they can easily correlate information between the three.
All plan view figures should include north arrow, flow direction, scale bar, hydraulic parameter scale, etc.. Discrete colors for ease of interpreting values, cool colors as low and hot as high values (for example low velocities blue and high velocities red). For plan view figures consider adding aerial, topography, survey break lines, or other information that creates the cleanest figure that is easy to view (do not necessarily include all of the above as it can become too busy). 


[bookmark: _Hlk88465500]Appendix I: SRH-2D Model Stability and Continuity
Include at a minimum: 
Plan view of existing, natural, and proposed illustrating locations of monitor lines and monitor points used to assess stability. Label all monitor lines and monitor points.
SMS monitoring point WSE plots (Y = WSE and X = time) for each model simulation. At a minimum include three monitor points (near structure inlet, near structure outlet, and near downstream end of model); more may be needed to evaluate stability. Each simulation should have its own plot:
Existing 2-year, 100-year, and 500-year
If applicable, natural 2-year, 100-year, 100-year climate change, and 500-year
Proposed 2-year, 100-year, 100-year climate change, and 500-year
SMS monitoring line plots (Y = flow and X = time) for each model simulation. At a minimum include three monitor lines (near structure inlet, near structure outlet, and near downstream end of model); more may be needed to evaluate stability. Each simulation should have its own plot:
Existing 2-year, 100-year, and 500-year
If applicable, natural 2-year, 100-year, 100-year climate change, and 500-year
Proposed 2-year, 100-year, 100-year climate change, and 500-year
Lines within plots and plan view figures should be clearly labeled so that the reader can easily tell which line in the plot matches with a specific monitor line or monitor point in plan view.



[bookmark: _Hlk88465506]Appendix J: Reach Assessment 
[bookmark: _Hlk88469955](This is used only if a reach assessment already exists and has been validated by the hydraulic/hydrology staff to include as an appendix) 


[bookmark: _Hlk88465513]Appendix K: Scour Calculations (FHWA Hydraulic Toolbox Report and Include .hyd file)


[bookmark: _Hlk88465518]Appendix L: Floodplain Analysis (FHD ONLY)


[bookmark: _Hlk102662213]Appendix M: Scour Countermeasure Calculations (FHD ONLY) (FHWA Hydraulic Toolbox Report and Include .hyd file)
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Figure 39: Spatial distribution of roughness values in proposed SRH-2D model
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