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

Hydraulic Designs
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Roughened Channels

HEC-26

Publication No. FHWA-HIF-11-008
b October 2010

U.S. Department of Transportation
Federal Highway Administration

Hydraulic Engineering Circular No. 26, First Edition

CULVERT DESIGN FOR AQUATIC
ORGANISM PASSAGE
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When the bird and
the book disagree,
always believe the bird.
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— 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

Stream Simulation Design Elements

« Reference reach
— Simulate natural channel

— “Mobile bed in stable channel”

21

Introduction:

36 — inch culvert

30+ years old

Aggraded inlet

Introduction | Phase 1‘ Phase 2 | Phase 3 ‘ Phase 4 \ Phases‘ Phase 6 | n-

Here's How We Started...

f Simple Stream Simulation Example
>

North Thompson Creek

White River National Forest, Colorado

Introduction:

Bankfull width +

Natural streambed

Continuous profile

Risk-free road
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Here's How We Finished...
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Stream Simulation
Design

Phase 5 Q

Construction Phase 4

% Final Design &
Contract Preparation
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System Road
Oil/Gas Traffic
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Resource Values

Watershed-Scale Risk
Factors

Site-Scale Risk Factors|
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Phase 1 - Initial
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Resource Values
Brook Trout

Cutthroat Trout

Many Unknowns
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Factors
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Phase 1 - Initial
Assessment:

Road Context

Resource Values

Watershed-Scale Risk
Factors

Sandstone geology
Basalt cap
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Phase 1 - Initial
Assessment:

Road Context

Resource Values

Watershed-Scale Risk
Factors

Site-Scale Risk Factors i

Channel stability
Vertical adjustment
Headcut potential
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Floodplain Inundation
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Phase 2 - Site
Assessment:

Site Recon & Sketch

Collect Site Data
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Investigation
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Downstream Channel

Minor scour pool,
no bedrock

Less sinuous but
floodplain present

Phase 2 - Site
Assessment:

Site Recon & Sketch

Collect Site Data
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Investigation
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Upstream Channel

Accessible
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Aggraded inlet.
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upstream
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Investigation
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Introduction | Phase 1 | Phase 2 | Phase 3 | Phase 4 | Phase 5 | Phase 6 | &
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Phase 2 - Site Phase 2 - Site
Assessment: Assessment:
Site Recon & Sketch s North Thompson Creek
100 | |
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Phase 2 - Site Grade Controls Phase 2 - Site Grade Controls
Assessment: Assessment: 7 o
Site Sketch Site Sketch

Collect Site Data
Site Topography
Longitudinal Profile

Cross Sections

Preliminary Geotech
Investigation

Upstream view

8 Primary Characteristics:
«  Large boulder step

s Spans channel

«  Particles large, interlocked and
embedded into channel

»  Particles much coarser than adjacent
stream

Stability Rating - H

Collect Site Data
Site Topography
Longitudinal Profile

Cross Sections

Preliminary Geotech
Investigation

& Grade Control 10 - Upstream view
Primary Characteristics:
o Pool tail crest composed of
gravels

o Boulder located just upstream

¢ Particlesare loose and part of
sediment wedge above culvert
inlet

o Particlessimilar in size to
adjacent stream

Stability Rating- L
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Introduction | Phase 1 | Phase 2 | Phase 3 | Phase 4 | Phase 5| Phase 6

Phase 2 - Site
Assessment:

Site Recon & Sketch

Collect Site Data
Site Topography
Longitudinal Profile

Cross Sections

Preliminary Geotech
Investigation

Phase 3 - Designj
Project Alignment
Project Profile
Reference Reach
Structure Width

Streambed Stability &
Mobility
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New Structure Alignment
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Reference Reach
Grade Controls
Sediment Sizes

Structure Width
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Reference Reach

First Selection Criterion is Gradient Match
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Phase 3 - Designj
Project Alignment
Project Profile
Reference Reach
Grade Controls
Sediment Sizes

Structure Width

Streambed Stability &
Mobility
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Pebble Count
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Key Pieces Too...
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Phase 3 - Designj
Key Pieces Quantified

Project Alignment

Reference Reach). Summary of 10 the key pieces.
inter- awerage [ long
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long axis axis | axis mediate

Project Profile particle number

(mm) | mm} | (mm) | axis ratio
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80
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Grade Controls
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Phase 3 - Designj
Project Alignment
Project Profile
Reference Reach
Structure Selection
Adequate Width
Embedment Depth

Minimum Cover

Streambed Stability &
Mobility
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Structure Selection —
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Adjustment Line ] Whe= 978
Dbf=1.11 1t

-10 -5 o 5 10 15 2

Phase 3 - Designj
Project Alignment
Project Profile
Reference Reach
Structure Selection
Adequate Width
Embedment Depth

Minimum Cover

Streambed Stability &
Mobility
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Structure Selection —
Idealized (easy to build) XSECT

Final Road Surface 7 10
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~ -
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Phase 3 - Design;
Project Alignment
Project Profile
Reference Reach
Structure Selection
Adequate Width
Embedment Depth

Minimum Cover

Streambed Stability &
Mobility

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

Structure Selection —
Trial Structure Types

Final Road Surface 10

12'-4" x 4'-5" Box
5 w/ concrete footings

x____ﬂ__,__
Lower Vertical |
Adjustment Line

5 Wbf=9.7ft
Dbf = 1.11 ft
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Phase 3 - Designj
Project Alignment
Project Profile
Reference Reach
Structure Selection
Adequate Width
Embedment Depth

Minimum Cover

Streambed Stability &
Mobility

Introduction ‘ Phase 1\ Phase 2 | Phase 3 l Phase 4 | Phasss‘ Phase 6 ‘ u-

Structure Selection —
Trial Structure Types

Final Road Surface T 10
. Countersunk
: 57 12x 78" CMPA
Lower Vertical - |
Adjustment Line | . X
I.s Whf=9.7ft
Dbf=1.11ft
-10 -3 0 5 10 15 20

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

Introduction | Phase 1| Phase 2 | Phase 3

Phase 4 | Phase 5 | Phase 6 | 1|

Phase 4 — Final
Design and
Contract Prep:

Plans and Specs
Quantities and Costs

Contract Documents

Introduction | Phase 1\ Phase 2 | Phase 3 ‘ Phase 4 | Phase 5 | Phase 6 ‘ u-

Plan & Profile Sheets

Streambed Stability & Bid Package
Mobility
Introduction | Phase 1‘ Phase 2 | Phase 3 ‘ Phase 4 \ Phase 5 | Phase 6 | u- Introduction | Phase 1\ Phase 2 | Phase 3 | Phase 4 | Phase 5 | Phase 6 ‘ u-
Phase 4 — Final Phase 4 — Final
Design and Typical Details Design and

Contract Prep:

Plans and Specs

Quantities and Costs

Contract Documents

Contract Prep:

Plans and Specs

Quantities and Costs

Contract Documents

TYPICAL CROSS SECTIONS

Bid Package Bid Package
i s e e e
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Introduction | Phase 1 | Phase 2 | Phase 3 | Phase 4 | Phase 5| Phase 6 | B Introduction | Phase 1 | Phase 2 | Phase 3 | Phase 4 | Phase 5| Phase 6
Phase 5 — Phase 5 — M
Construction: Construction: Verify
Construction
Pre-Construction Pre-Construction Staking
Inspection Inspection
Documentation Documentation
Schedule Road
:Closures (avoid
bypass roads)
- Dewatering
- Removal of critters and block net
Introduction | Phase 1‘ Phase 2 | Phase 3 ‘ Phase 4 \ Phase 5 | Phase 6 Introduction | Phase 1\ Phase 2 | Phase 3 l Phase 4 | Phase 5 | Phase 6 ‘ u-
Phase 5 — Building the Bed V s Phase 5 — ' \
Construction: Construction:
Bed Material &
Pre-Construction Moved Material Pre-Construction Grade Control
with Bobcat
Inspection Inspection
Documentation Documentation
Positive Air
Flow
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Phase 5 —
Construction:

Pre-Construction
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Phase 6 —
Monitoring:

Implementation — built
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Phase 6 —
Monitoring:

Implementation — built
as designed?

Effectiveness
Longitudinal Profile
Bed Material
Width/Cross Section
Hydraulic Variables

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