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Shaun Bevan 
Olympic Region Fish Passage Design Manager 
Sr. Water Resources Engineer 
Gig Harbor, WA
 
HDR Engineering, Inc.
 

Current Duties 

• 

• 
• 

OR Fish Passage 
Design Manager 
PHD author 
FHD author 

Background 
and Experience 

• 

• 
• 

10 years of fish 
passage design 
6 years of WSDOT 
Water crossings, fish 
ladders, LWM, and 
floating surface 
collectors 

• B.S. Civil Engineering (UW) 
• M.S. Civil Engineering (UW) 

Education 

• Father of 3 
• House Projects
 

Personal • Local Breweries
 
Interests
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Purpose of Training Module
 

•	 Replace previous training modules 
•	 Comprehensively cover most recent PHD/FHD 

template 
•	 Focus on purpose of individual sections and how 

they inform design 
•	 Template and checklist 
•	 Note: module does not cover everything in PHD 

template 
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Template History
 
Scour update to PHD began as a template and memo called a Name change Hydraulics Major template Major template Hydraulic PBOD “Preliminary from PBOD to Manual update update Manual Update Basis of Design” PHD Update To

da
y 

Ever-evolving 
document 2015 

2018 2019 2020 2021 2022 20232013 

Change from
 
memo to report
 

format Minor template updates periodically
 
adding information
 

*Hydraulics Manual also being updated periodically – 
should be consulted during PHD / FHD development 
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PHD/FHD Purpose
 

•	 Document design decisions 
•	 Place where multiple disciplines (and 

comanagers) can go 
•	 Illustrates how design meets or does 

not meet guidelines 

6 



 
  

   
 

 

PHD/FHD Expectations
 

•	 Use most recent template as it is 
written 

–	 Approval from HQ Hydraulics 
required for any modifications to 
template 

–	 Respond to all prompts 
•	 Use checklist while writing and 

performing QC 
•	 Use alongside Hydraulics Manual 
•	 Think critically, tell the story 
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COMPA NYIOFFIC 

Engineer of Record: For PHDs engineer of record should be WSDOT State Hydraulics Engineer. 
For PHDs revised or prepared by DB, englnH r of r&eord should not be WSDOT State Hydraulic 
Engineer. For FHDs if consultant/DB is stameiflg the P-_/ans, they will be the EOR and not WSDOT 
State Hydraulics Engineer. 

UST OF CONTRIBUTING ENGINEERS GEOMORPHOLO~ AND BIOLOGISTS 
WITH TITLES COMPANYIOFFICE 

Hydraulics Report Template v2022-5 

PHD/FHD Sections
 
Cover 
1. Introduction 
2. Watershed and Site Assessment 
3. Hydrology 
4. Water Crossing Design 
5. Hydraulic Analysis 
6. Floodplain Evaluation 
7. Scour Analysis 
8. Scour Countermeasures 
9. Summary 
References 
Appendices 
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Cover Page
 

Purpose: 

Key Items: 

Lessons 
Learned: 

•	 Clearly identify site, authors, 
PHD/FHD template version, 
review stage 

•	 Certification numbers 
•	 Photograph 

•	 Prime consultants should be 
author and be reviewing 
subconsultant’s work 
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1 Introduction
 

Purpose: 

Key Items: 

Lessons 
Learned: 

•	 Document project location and 
summarize design strategy and 
proposed hydraulic width 

•	 Project vicinity figure 

•	 Design deviations should be 
mentioned here (if applicable) 
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2 Watershed & Site Assessment
 

Key Items: 

Purpose: 

Lessons 
Learned: 

•	 Summarize existing conditions at both a 
watershed scale and local site scale. 

•	 Reference reach 
•	 Bankfull width concurrence 
•	 Longitudinal profile 
•	 FUR 
•	 Sediment 

•	 Wildlife Connectivity should not change 
minimum hydraulics recommendation. 

•	 Heavily document channel morphology, 
especially in step-pool systems. 
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2.1 Site Description
 

• Barrier status and impact to fish life 
• Is the crossing a failing structure or CED 
• Maintenance/Repair history 
• Flood history 
• Total length of habitat gain 

12 



2.2 Watershed and Land Cover
 

• Size and location of watershed 
• Major tributaries 
• Topography 
• Land Cover 
• Prevailing land uses 
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2.3 Geology and Soils
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2.4 Fish Presence in the 

Project Area 

• Species identified 
• Sources 

– Spawner Surveys 
– WDFW Fish Passage Database 
– RSFS data 
– Scoping Reports 
– Scoping bios 
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2.5 Wildlife Connectivity
 

•	 PHD and FHD summarize wildlife 
connectivity information provided by 
others. 
–	 HQ Hydraulics does not make the 

decision to increase structure 
width to accommodate 
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2.6 Site Assessment
 

•	 2.6.1 Data Collection 

•	 2.6.2 Existing Conditions 

•	 2.6.3 Fish Habitat Character and 
Quality 

•	 2.6.4 Riparian Conditions, Large Wood, 
and Other Habitat Features 
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2.7 Geomorphology
 

• 2.7.1 Reference Reach Selection *See Module 9: Reference Reaches 

• 2.7.2 Channel Geometry 
– 2.7.2.1 Floodplain Utilization Ratio *See Module 10: Bankfull Width 

• 2.7.3 Sediment 

• 2.7.4 Vertical Channel Stability 

• 2.7.5 Channel Migration 

*See Module 8: Geomorphology 
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3 Hydrology
 

Key Items: 

Lessons 
Learned: 

Purpose: •	 Summarize hydrology methodology 
explored and which is selected for 
design. 

•	 Clearly document available hydrologic 
data and why method was chosen 

•	 WSDOT using 2080 100yr, when 
practicable 

•	 Don’t just jump right to MGSFlood or 
USGS Regression, do some background 
research 
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4 Water Crossing Design
 

Key Items: 

Lessons 
Learned: 

Purpose: •	 Documents design methodology and 
decisions 

•	 4.1 Channel Design 
•	 4.2 Minimum Hydraulic Opening 
•	 4.3 Streambed Design 

•	 Existing site conditions should all be 
documented previously and referred to 
throughout this section as the basis for 
making design decisions 

*See Module 4: Hydraulic 
Design Process 
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4.1 Channel Design
 

Key Items: 

Lessons 
Learned: 

Purpose: •	 Describe proposed channel shape, 
alignment, and gradient 

•	 Channel shape (provide justification) 
•	 Gradient (meeting WAC, WCDG, 

and HM slope ratio) 

•	 Avoids extreme bends into and out 
of structure if possible 

•	 Success of this section relies heavily 
on clear explanation/ justification for 
basis of design. 
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4.1.1 Channel Planform 

and Shape 

•	 HM Section 7-4.3 Channel Cross Section 
–	 Mimic reference reach 
–	 Highly modified systems 

•	 Designed channel shape 
•	 Or to match adjacent reach 

•	 Documentation 
–	 Description of proposed shape 
–	 Channel shape justification 

•	 Comparison to reference reach 
–	 Meander amplitude assessment (if 

needed) 
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4.1.2 Channel Alignment
 

•	 Grading length and limits 
•	 Any realignment proposed? 
•	 Sinuosity 
•	 Description of any constraints 

that drove the previous items 
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4.1.3 Channel Gradient
 

•	 Proposed channel gradient 
•	 Slope ratio 

–	 Within 25% of reference reach? 
•	 Brief degradation and aggradation 

summary 
–	 Reason to prevent long-term 

degradation? 
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4.2 Minimum Hydraulic Opening
 

• 4.2.1 Design Methodology 

• 4.2.2 Hydraulic Width 

• 4.2.3 Vertical Clearance 

• 4.2.4 Hydraulic Length 

• 4.2.5 Future Corridor Plans 

• 4.2.6 Structure Type 

25 



4.2.1 Design Methodology
 

Purpose: 

Key Items: 

Lessons 
Learned: 

•	 Present design methodology: 
–	 stream simulation 
–	 confined bridge 
–	 unconfined bridge 
–	 hydraulic design 

•	 Concisely summarize design 
method and reason it was used 

•	 Don’t dive into design parameters, 
stick with just methodology 
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4.2.2 Hydraulic Width
 

•	 Minimum hydraulic width 
–	 Greater of two equations below 

•	 Any iterations of width due to velocity ratio, 
lateral migration, floodplain connectivity, 
channel processes, etc. 

•	 Final minimum hydraulic width used for design 
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4.2.3 Vertical Clearance
 

•	 Present all potential vertical clearance values 
(both recommended and required) 

•	 Determine required and recommended 
minimum structure low chord given constraints 
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4.2.4 Hydraulic Length
 

• Document length recommendation based on structure type / size
 

Bridge structure 
recommended? no 

Determine max. 
hydraulic length 

yes 

No length 
recommendation 

Note: long culvert criteria
 
(length : span > 10)
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4.2.5 Future Corridor Plans
 
• Request any plans from Region PEO 
• If plans exist, describe how structure is forward-compatible 

4.2.6 Structure Type 
• Structure recommendation: 

– No structure type 
– Bridge structure Need description on WHY a 

specific structure is recommended – Buried structure 
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   4.3 Streambed Design
 
*See Module 11: LWM & 
Module 12: Streambed 
Design 

Key Items: 

Purpose: 

Lessons 
Learned: 

•	 Present proposed material size and 
channel complexity features 

•	 Clear comparison of observed and 
proposed bed material 

•	 PHD conceptual complexity sketch 
•	 FHD detailed complexity design 
•	 LWM within structure must be 

approved by HQ Hydraulics 

•	 Fox and Bolton 75th percentile wood 
are targets 
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 4.3.1 Bed Material
 *See Module 12: 
Streambed Design 

• Section 7-4.7 of Hydraulic Manual 
• Two Methods 

– No Constraints 
• Match existing (within 20% of D50) 

– Constraints 
• Risk assessment 

• WSDOT Standard Specification Materials 
– Minimum 30% streambed sediment 
– Constructible ratios 

32 



   

 

 

4.3.2 Channel Complexity
 

•	 Describe anticipated channel morphology 
–	 Proposed elements outside of structure 
–	 Proposed elements within structure 

•	 Document Fox and Bolton 75th percentile 
wood targets 

–	 Include stream length within structure 
–	 These are goals 

•	 Document proposed design and how it 
compared to targets 

•	 Proposed layout, stability of complexity 
features, restoration plan, and other 

*See Module 11: LWM 
and Habitat Features 
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 5 Hydraulic Analysis
 *See Module 6: 
Modeling with SRH-2D 

Key Items: 

Purpose: 

Lessons 
Learned: 

•	 Describe model development and 
results 

•	 Topographic information and 
sources 

•	 Mesh, materials/roughness, 
boundary conditions, 

•	 Existing, natural, and proposed 
conditions results 

•	 Make sure hydraulic results match 
throughout document 

•	 Document modeling assumptions 
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5.1 Model Development
 

• 5.1.1 Topography and Bathymetric Data 

• 5.1.2 Model Extent and Computational Mesh 

• 5.1.3 Materials/Roughness 

• 5.1.4 Boundary Conditions 

• 5.1.5 Model Run Controls 

• 5.1.6 Model Assumptions and Limitations 
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5.2/5.3/5.4 Existing/Natural/
 
Proposed Conditions 

•	 Natural conditions only for unconfined 
•	 Minimum show results for: 

–	 Existing 2yr, 100yr, and 500yr 
–	 Natural/Proposed 2yr, 100yr, 2080 100yr, 


and 500yr
 
•	 Cross section summary tables 
•	 Profile 
•	 100-year velocity map 
•	 Appendix H for more detailed results 
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 6 Floodplain Evaluation
 *See Module 16: FRA 

Key Items: 

Purpose: 

Lessons 
Learned: 

•	 Document the floodplain changes 

•	 FEMA special flood hazard area 
•	 Changes to WSEL (PHD only) 

– Profile and plan figures 

•	 Clearly describe changes to 
floodplains 
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 7 Scour Analysis
 
• Document scour analysis and 

• 

• 

• 
• Iterative, interdisciplinary process 

*See future scour 
certification 

Key Items: 

Purpose: assumptions 

Scour training/certification in 
development 
Total Scour 

– Lateral migration 
– Long-term degradation 
– Contraction scour 
– Local scour 

Follow the template! Lessons 
Learned: 
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7 Scour Analysis
 

•	 Iterative scour analysis process 
–	 PHD uses MHO/SFZ 
–	 Intermediate SFZ Analysis (if not 

known at PHD) 
–	 FHD uses final configuration 

•	 Key terminology (refer to HM glossary) 
–	 Scour Design Flood 
–	 Scour Check Flood 
–	 Total Scour 

•	 FHWA Hydraulic Toolbox required 

39 



 

  
 

  
 

7.1 Lateral Migration 
•	 With respect to structural elements 
•	 PHD 

–	 Primarily assumed “not-low” unless
 
detailed geotechnical data supports
 
assessment of no lateral migration 

anticipated
 

•	 FHD 
–	 See template bullet list for lateral
 

migration variable and evaluations
 
required
 

•	 Future HM updates 
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7.2 Long-term Degradation
 

•	 Aggradation not included in total scour 
•	 Document 

–	 Methodology used 
–	 Identification and justification for 

base level control determination 
•	 Geotechnical data may reduce long-

term degradation 

41 



7.3 Contraction Scour
 

• PHD – utilizes MHO 
• Potential update if SFZ identified different than MHO 
• FHD – final structure 
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7.4 Local Scour
 

• PHD, SFZ, FHD 
• Determine appropriate components of total scour and evaluate 

– Pier scour 
– Abutment scour 
– Bend scour 
– Wall scour 
– Etc. 
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7.5 Total Scour
 

•	 Document scour at each specific infrastructure component 
•	 Migration potential – scour relative to thalweg 
•	 No migration potential – scour relative to ground at base of 

infrastructure component 
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8 Scour Countermeasures
 

Key Items: 

Purpose: 

Lessons 
Learned: 

• Determine need for scour countermeasures 
• Design calculations and extents 

• PHD 
– Anticipated need or not 
– Approximate extents 

• FHD 
– Design following HEC-23 
– FHWA Hydraulic Toolbox calculations 

• Coordinate with HQ Hydraulics 
– LWM key pieces within structure 
– Informs SFZ determination 

45 



.... 
wWSDOT 

Table iii: Report summary 

Stream crossing category 

Habi1atgain 

Floodplaa'l utilization ratio (FUR) 

Oiannel morphology 

Hydrology/design flows 

O,arv,el geometry 

OiaMel slope/gradient 

Vertical clearance 

Crossing length 

Structure type 

Substrate 

Cha nnel COlll)lexity 

Floodplarl -continuity 

Scou-

Charv,el degradation 

O,arv,el degradation 

Element 

Total len;th 

Reference reach foond? 

DesignBFW 

Conctnence BFW 

Flood-prone width 

Average FUR 

Existing 

Proposed 

100 ~ flow 

2080 100 ;wt flow 

2080 100 ;wt lJS€:d for design 

Dry channel in summer 

Exis1aig 

Proposed 

Required freeboard 

Required freebos rd app{ied to 
100 or 2080 100 

'1.taintenence clearance 

Low choo:l elevation 

Exis1aig 

Proposed 

Recommendation 

Type 

Exist.ig 

Proposed 

Coarser than existing? 

LVVM for bank stabiity 

LVIIM for habitat 

LVIIM within sln.JchJre 

r..teander bars 

Analysis 

Sco11 co\.mfenneasi..-es 

Pofential? 

Allowed? 

iV/N (elaborate if used for 
~ bu1 not freeboard. 

Yes/No 

See link 

~~and Peak Flow Estimates 

~~and Peak Flow ~rnale5 

2.7.2 Ct.annel Geomeb:< 

9 Summary
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Appendices 
•	 Do not delete unused appendices, 

simply label as “not used” 
•	 Add additional appendices to the 

end if needed 
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Appendix A: FEMA Floodplain 
Map 
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Appendix B: Hydraulic Field 
Report Form 
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Appendix C: Streambed 
Material Sizing Calculations 

51 



Appendix D: Stream Plan 
Sheets, Profile, Details 
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 Appendix E: Manning’s 
Calculations 
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 Appendix F: Large Woody 
Material Calculations 
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Appendix G: Future Projections 
for Climate-Adapted Culvert 
Design 
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 Appendix H: SRH-2D Model 
Results 
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Appendix I: SRH-2D Model 
Stability and Continuity 
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Site and Reach Assessment 
Chico Creek At SR 3 

Work Order MS S404 

Robert \V. Schanz, Hydrnlogisl 
Ji m Park, Hydrologist 

WSDOT En,•ironmcnht l Sen•ices 
Watershed Management Program 

May 2006 

Appendix J: Reach Assessment
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ltewlh of Swur C'.ondition 

Crltlcal velocity above whkh bed materlal of slie D a nd smaller will be transported 

Conl ract lon Scour Condition 

Uve hcl & Cl.ar Wlter Input Parameters 
Temperat ure of Water 

Slope of Ener5y Grade Line c1 t Approach Sectioo 

Discharge In Contracted Section 

Discharge Upstream that Is Transporting Sediment 

Width In Contracted Sect ion 

Width Upstream that ls Transporting Sediment 

Depth Prior to Scour in Cont racted Sect ion 

UnltWci5htofW11ter 

Unit Weisht o f Sediment 

Diameter of tM smallest nont,anspor1able parllde In rhe bed materlal 

Average Depth in Contracted Section after Scou r 

SC.Our Depth 

Unit Dlschars e, Upstream In Main Channel (qt) 

Discharge in Constrkted Area (q2J 

D50 

Upstream Flow Depth 

Flow Depth p.-KJI'" to Sc.our 

lte1Wltt of I.Mi led Method 

q2/ql 

Average Velocity Upstream 

Crlt k a l velocity above which bed material of s ize D and smaller wlll be transponed 

Scour Condi tion 

Scour Condition 

Amplifica tion Factor 

Flow Depth inclOO ingCont raclioo Scour 

Maximum Flow Depth induding Abutment Scour 

Scour HolieDepth 

wWSDOT 

t S.39 ds 
t 4.9-4ds 

6 ft 

6.01 h 

1.51 h 
62.-4 lb/ft~3 

165 lb/ft"3 

0.075 ft 

0.58 ft 

-0.93 ft 

2.-49ds/ft 

2.57cls/ft 

0.06 mm 

I .Sl it 

1.8 ft 

1.03 

1.65 lt/s 
-4.68 ft/s 

live Bed 

a(MainChannel) 

1.39 

0.63 It 
1.38 ft 

-0.-42 11 

Mesh Elevation (fl) 

436.0 

434.5 

433.0 

431.5 

~~rveyJ 
0 25 50 

Appendix K: Scour Calculations
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Appendix L: Floodplain Analysis 
(FHD ONLY) 
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Appendix M: Scour 
Countermeasure Calculations 
(FHD ONLY) 
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PHD/FHD Checklist
 

•	 Use checklist to assist in guiding 
content of each section 

–	 Still use Hydraulics Manual!!! 
•	 Upload files to WSDOT PWise 

–	 Final PHD 
–	 Final FHD 

•	 Good tool for QC of reports 
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wWSDOT 

Summary of Key Items 
•	 Created to document design decisions and justification 

•	 Follow the template! 

•	 Use the Hydraulic Manual!!! 
–	 PHD/FHD template and checklist do not take the place of official 

guidance documents 
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Q&A
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