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June 2013 USDA-Forest Service
Washington Office Virtual AOP Design Team
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Historical Perspective

xxxxxx

Rout N.F Colorado

NFS System:

• 380,000 miles 
of road

• 200,000 miles 
of stream

• 25,000 aquatic 
passage 
structures

• 20,000 some 
level of barrier

Historical Perspective Stream Simulation

Ecological
Impacts: 

 470 fish 

 346 crayfish

 124 T&E aquatic 
species

Replacing 250 
structures/year

This is a Solvable Problem !

Historical Perspective Stream Simulation

HISTORICAL 
FIXES:

Hydraulic Designs

Baffles

Weirs

Fishways

K.Bates

Historical Perspective Stream Simulation
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Floodprone area
Bankfull channel

Natural channel with 
• Bankfull channel
• Flood plain
• Ecological processes

Hydraulic Design - Objectives
• Pass flood flows
• Pass target species at certain flows

Ecological solutions at Road Crossings- +

Hydraulic Design 
Parameters

Biological

- Species, Timing

- Ability

Hydrology

- Low Passage Q

- High Passage Q

Hydraulics

- Roughness

- Velocity, Depth

- Turbulence

Historical Perspective Stream Simulation

Hydraulic Design 
Parameters

Biological

- Species, Timing

- Ability

Hydrology

- Low Passage Q

- High Passage Q

Hydraulics

- Roughness

- Velocity, Depth

- Turbulence

Historical Perspective Stream Simulation
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Hydraulic Design 
Parameters

Biological

- Species, Timing

- Ability

Hydrology

- Low Passage Q

- High Passage Q

Hydraulics

- Roughness

- Velocity, Depth

- Turbulence

Historical Perspective Stream Simulation

Hydraulic Design 
Parameters

Biological

- Species, Timing

- Ability

Hydrology

- Low Passage Q

- High Passage Q

Hydraulics

- Roughness

- Velocity, Depth

- Turbulence

Historical Perspective Stream Simulation

Estimate +/- 1 SE

Hydraulic Design 
Parameters

Biological

- Species, Timing

- Ability

Hydrology

- Low Passage Q

- High Passage Q

Hydraulics

- Roughness

- Velocity, Depth

- Turbulence

Historical Perspective Stream Simulation

• Hyraulically model flow 
conditions (1-D)

• Roughness: Culvert, bed 
material

• Balancing Act
– Minimize velocity

– Maximize depth

– Can accidentally create a 
turbulence barrier

Low FlowHydraulic Design 
Parameters

Biological

- Species, Timing

- Ability

Hydrology

- Low Passage Q

- High Passage Q

Hydraulics

- Roughness

- Velocity, Depth

- Turbulence

Historical Perspective Stream Simulation

Hydraulic 
designs 
heavily 
depend of 
increased 
roughness

Roughness 
can convert a 
velocity barrier 
into a 
turbulence 
barrier.
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Hydraulic Designs

Bare Culverts 

Baffles and Weirs

Roughened Channels

Historical Perspective Stream Simulation

Hydraulic Designs

Bare Culverts 

Baffles and Weirs

Roughened Channels

Historical Perspective Stream Simulation

Baffles 
dissipate

energy and 
reduce 

velocity by 
turbulence

Hydraulic Designs

Bare Culverts 

Baffles and Weirs

Roughened Channels

Historical Perspective Stream Simulation

Culvert
Slope = 5%

Slope < 0.5%

Slope < 0.5%

Sand-bedded channel Hydraulic Designs

Bare Culverts 

Baffles and Weirs

Roughened Channels

Historical Perspective Stream Simulation
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Hydraulic Designs

Bare Culverts 

Baffles and Weirs

Roughened Channels

Historical Perspective Stream Simulation

HEC-26
Hydraulic Designs

Bare Culverts 

Baffles and Weirs

Roughened Channels

Historical Perspective Stream Simulation

When the bird and 
the book disagree, 
always believe the bird.

- James Audubon

Stream Simulation Design
Stream Simulation 

Driven by:

Ecology

Geomorphology

Hydrology

Proposed 
placement 

of structure

Enclosed Pipe Arch Bottomless Arch

Historical Perspective Stream Simulation
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21

Stream Simulation Design Elements

• Reference reach

– Simulate natural channel 

– Bankfull cross section shape 
and dimensions 

– Channel slope 

– Channel structure

• Geomorphic design

– Fits with and in equilibrium 
with adjacent reaches

– Dynamically sustained over a 
broad range of flows

– “Mobile bed in stable channel”

Simple Stream Simulation Example

North Thompson Creek
White River National Forest, Colorado

Introduction:

36 – inch culvert

30+ years old

Aggraded inlet

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Here’s How We Started…
Introduction:

Bankfull width +

Natural streambed

Continuous profile

Risk-free road

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Here’s How We Finished…
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Introduction:

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Phase 1
Initial 

Assessment Phase 2
Site Assessment

Phase 3 
Stream Simulation 

Design

Phase 4
Final Design & 

Contract Preparation

Phase 5
Construction

Phase 6
Maintenance 
& Monitoring

Stream 
simulation 

project 
phases 

Phase 1 - Initial 
Assessment:

Road Context

System Road

Oil/Gas Traffic

Timber Sales

Heavy Rec Use

Resource Values

Watershed-Scale Risk 
Factors

Site-Scale Risk Factors

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Phase 1 - Initial 
Assessment:

Road Context

Resource Values

Brook Trout

Cutthroat Trout

Many Unknowns

Watershed-Scale Risk 
Factors

Site-Scale Risk Factors

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Phase 1 - Initial 
Assessment:

Road Context

Resource Values

Watershed-Scale Risk 
Factors

Sandstone geology

Basalt cap

Beetle Kill

Site-Scale Risk Factors

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6
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Phase 1 - Initial 
Assessment:

Road Context

Resource Values

Watershed-Scale Risk 
Factors

Site-Scale Risk Factors

Channel stability

Vertical adjustment

Headcut potential

Lateral adjustment

Floodplain Inundation

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Phase 2 - Site 
Assessment:

Site Recon & Sketch

Collect Site Data

Preliminary Geotech
Investigation

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Aggraded inlet.  
Sediment wedge 

upstream

Accessible 
floodplain

Upstream Channel

Phase 2 - Site 
Assessment:

Site Recon & Sketch

Collect Site Data

Preliminary Geotech
Investigation

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Less sinuous but 
floodplain present

Minor scour pool, 
no bedrock  

Downstream Channel Phase 2 - Site 
Assessment:

Site Recon & Sketch

Collect Site Data

Preliminary Geotech
Investigation

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Provides good notes for 
Winter design sessions.
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Phase 2 - Site 
Assessment:

Site Recon & Sketch

Collect Site Data

Site Topography

Longitudinal Profile

Cross Sections

Preliminary Geotech
Investigation

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Phase 2 - Site 
Assessment:

Site Recon & Sketch

Collect Site Data

Site Topography

Longitudinal Profile

Cross Sections

Bed Material Sizes

Preliminary Geotech
Investigation

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

sediment wedge

Phase 2 - Site 
Assessment:

Site Sketch

Collect Site Data

Site Topography

Longitudinal Profile

Cross Sections

Preliminary Geotech
Investigation

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Grade Controls Phase 2 - Site 
Assessment:

Site Sketch

Collect Site Data

Site Topography

Longitudinal Profile

Cross Sections

Preliminary Geotech
Investigation

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Grade Controls



3-10

Designing for Aquatic Organism Passage at Road-Stream Crossings
3.  Historical Context and Simple Stream Simulation Example

June 2013 USDA-Forest Service
Washington Office Virtual AOP Design Team

FWS Maine

Phase 2 - Site 
Assessment:

Site Recon & Sketch

Collect Site Data

Site Topography

Longitudinal Profile

Cross Sections

Preliminary Geotech
Investigation

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Phase 3 - Design:

Project Alignment

Project Profile

Reference Reach

Structure Width

Streambed Stability & 
Mobility

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

New Structure Alignment

Phase 3 - Design:

Project Alignment

Project Profile

Reference Reach

Structure Width

Embedment Depth

Streambed Stability & 
Mobility

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Project Design Profile

Sediment Wedge

Design Gradient 0.0352

Reference 
Reach

Phase 3 - Design:

Project Alignment

Project Profile

Reference Reach

Grade Controls

Sediment Sizes

Structure Width

Streambed Stability & 
Mobility

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Reference Reach

First Selection Criterion is Gradient Match
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Phase 3 - Design:

Project Alignment

Project Profile

Reference Reach

Grade Controls

Sediment Sizes

Structure Width

Streambed Stability & 
Mobility

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Pebble Count Phase 3 - Design:

Project Alignment

Project Profile

Reference Reach

Grade Controls

Sediment Sizes

Structure Width

Streambed Stability & 
Mobility

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Sediment Design –
From Reference Reach Data 

Phase 3 - Design:

Project Alignment

Project Profile

Reference Reach

Grade Controls

Sediment Sizes

Structure Width

Streambed Stability & 
Mobility

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Key Pieces Too… 
Phase 3 - Design:

Project Alignment

Project Profile

Reference Reach

Grade Controls

Sediment Sizes

Structure Width

Streambed Stability & 
Mobility

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Key Pieces Quantified
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Phase 3 - Design:

Project Alignment

Project Profile

Reference Reach

Structure Selection

Adequate Width

Embedment Depth

Minimum Cover

Streambed Stability & 
Mobility

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Structure Selection –
Shape from Reference Reach XSECT 

Final Road Surface

Lower Vertical 
Adjustment Line

Phase 3 - Design:

Project Alignment

Project Profile

Reference Reach

Structure Selection

Adequate Width

Embedment Depth

Minimum Cover

Streambed Stability & 
Mobility

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Structure Selection –
Idealized (easy to build) XSECT

Final Road Surface

Lower Vertical Adjustment Line

Phase 3 - Design:

Project Alignment

Project Profile

Reference Reach

Structure Selection

Adequate Width

Embedment Depth

Minimum Cover

Streambed Stability & 
Mobility

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Structure Selection –
Trial Structure Types

Final Road Surface

Lower Vertical 
Adjustment Line

12’-4” x 4’-5” Box
w/ concrete footings

Countersunk 
12’ x 7’-8” CMPA

Phase 3 - Design:

Project Alignment

Project Profile

Reference Reach

Structure Selection

Adequate Width

Embedment Depth

Minimum Cover

Streambed Stability & 
Mobility

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Structure Selection –
Trial Structure Types

Final Road Surface

Lower Vertical 
Adjustment Line

Final choice:  Choose 12’ x 7’-8” CMPA
– Economical shape, large opening, embedment depth
– No poured concrete, fast installation 
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Phase 3 - Design:

Project Alignment

Project Profile

Reference Reach

Structure Selection

Streambed Stability & 
Mobility

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Key 
Pieces

Bed 
Material

Reference Reach Phase 4 – Final 
Design and 
Contract Prep:

Plans and Specs

Quantities and Costs

Contract Documents

Bid Package

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Plan & Profile Sheets

Phase 4 – Final 
Design and 
Contract Prep:

Plans and Specs

Quantities and Costs

Contract Documents

Bid Package

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Typical Details

Phase 4 – Final 
Design and 
Contract Prep:

Plans and Specs

Quantities and Costs

Contract Documents

Bid Package

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6
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Phase 5 –
Construction:

Pre-Construction

Inspection

Documentation

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

- Dewatering

- Removal of critters and block net

Phase 5 –
Construction:

Pre-Construction

Inspection

Documentation

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Schedule Road
Closures (avoid
bypass roads)

Verify 
Construction 
Staking

Phase 5 –
Construction:

Pre-Construction

Inspection

Documentation

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Building the Bed

Positive Air 
Flow

Moved Material 
with Bobcat

Phase 5 –
Construction:

Pre-Construction

Inspection

Documentation

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Before - After
Bed Material & 
Grade Control

Reference Reach
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Phase 5 –
Construction:

Pre-Construction

Inspection

Documentation

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Completed 
Stream Crossing 

for Aquatic 
Organisms

Completed Road 
Crossing for traffic

80

85

90

95

100

105

110

100 150 200 250 300 350 400

North Thompson 2 - Long Profile

Phase 6 –
Monitoring:

Implementation – built 
as designed?

Effectiveness

Longitudinal Profile

Bed Material

Width/Cross Section

Hydraulic Variables

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6
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Phase 6 –
Monitoring:

Implementation – built 
as designed?

Effectiveness

Longitudinal Profile

Bed Material

Width/Cross Section

Hydraulic Variables

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6
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North Thompson Creek, CO

representative
channel
design channel

inlet transition

outlet transition

Width Measurements Along Centerline

Phase 6 –
Monitoring:

Effectiveness

Longitudinal Profile

Bed Material

Width/Cross Section

Hydraulic Variables

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6
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Phase 6 –
Monitoring:

Implementation – built 
as designed?

Effectiveness

Longitudinal Profile

Bed Material

Width/Cross Section

Hydraulic Variables

Phase 5Phase 1 Phase 2 Phase 3 Phase 4Introduction Phase 6

Depth in 
Reference
Reach 

Depth in 
Pipe

Velocity in 
Pipe

Velocity in 
Reference
Reach 


