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Presentation Purpose

Present NMFS and CDFW design
guidelines and criteria for
road/stream crossings in California

Presentation Outline

e Stream Connectivity

* Barriers in General

¢ Characteristics of Fish Friendly Crossings

¢ Design Strategies

e Criteria for Three Design Options

¢ Retrofits for Fish Passage

¢ CDFW Design Checklists
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Questions

Why are there federal and state resource agency design
guidance documents for fish passage at stream crossings ?

How should these guidance documents be used by engineers,
consultants, agencies, and other practitioners?

Stream Crossing Design Guidance Documents

¢ Provide consistent standards between state and federal resource
agencies, NMFS and CDFG

e Serve as a basis for communications between project proponents
and resource agencies during design development process

* Allow project designers to understand agency requirements from
outset of design process

¢ Foster opportunities for early involvement of resource agency
engineers/biologists in design development and review process

Stream Connectivity

¢ Connecting the Road from one side of the stream to
the other

¢ Connecting the Stream from one side of the road to
the other

¢ Connecting the Stream Ecosystem from one side of
the road to the other
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High Level Ecosystem Management Goal:

Reduce Habitat Fragmentation caused by road networks

SR - R N o S

Remember, lot’s of critters need, or seek to have safe and
timely passage at stream crossings.

Habitat Fragmentation can be a serious limiting factor to
many fish and wildlife species

Classification of Barriers

¢ Temporal - Impassable to fish some of the time based on
flow conditions

¢ Partial - Impassable to some fish all the time

¢ Total - Impassable to all fish all the time

¢ Function of species, life stage, hydrology, and hydraulics
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Characteristics of Fish Friendly Crossings

the crossing

drops

Crossing width is at least as wide as active channel
Crossing bottom is buried below the stream bed
Natural bed material has accumulated along the bottom of

The water surface within the crossing blends smoothly with
upstream and downstream water surfaces without excessive

Obvious turbulent conditions are not present
No obvious signs of excessive scour of the tailwater pool
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National Marine Fisheries Service
Southwest Region

GUIDELINES FOR SALMONID PASSAGE
AT STREAM CROSSINGS

2001

NMFS-Engineering (Southwest
Region) developed original design
guidance in 1996-2000 era

based on:
« observational and practical
design experience,

« scientific literature reviews on
fish swimming ability and culvert
hydraulics,

« study and comparison with
design criteria in northwest
states,

«a survey and assessment report

by scientists and engineers from
Humboldt State University

http://swr.nmfs.noaa.gov/hcd/policieshtm

STATE OF CALIFORNIA

RESO!
DEPARTME | AND GAME

CULVERT CRITERIA FOR FISH PASSAGE

Say 2002

Ken tes - WDFW

Reviod May 2002

CDFG's May 2002
“Culvert Criteria
for Fish Passage”

« compatible with “Guidelines
for Salmonid Passage at Stream
Crossings” (NMFS 2001)

« addresses both anadromous
non-anadromous species

« supplemented by Part XII of
CDFG's Stream Restoration
Manual in 2008, with more
detailed design and applied
engineering guidance
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Additional Resources

AULATION:
al F

2008 www.dfg.ca fishy

ww.fs.fed. html

asp

2008
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PART XI1
FISH PASSAGE DESIGN AND IMPLEMENTATION
2008

Prepared for:

California Department of Fish and Game

and

Pacific Fish, Wildlife, and Wetlands Restoration Association

Primary Authors:
Michael Love, P.E.
(707) 476-8938 / mlove@h2odesigns.com

Kozmo Bates, P.E.
Kozmo@AquaKoz.com

Contributing Authors
Margaret Lang, PhD, P.E.
Rachel Shea, M.S., P.E.
Antonio Llanos, P.E.

CALIFORNIA SALMONID STREAM HABITAT RESTORATION MANUAL

Anadromous Salmonid Passage
Facility Design, July 2011

* NOAA/NMFS-NWR

http://www.nwr.noaa.gov/Publications/Reference-

Documents/Passage-Refs.cfm

documents

* NMFS-SWR may defer to NMFS-NWR guidelines
where criteria are not available in our own
publications

¢ A compendium of NMFS-NWR'’s fish passage criteria
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Application of Criteria

* Intended for new and replacement culverts

e Applies conceptually to bridges and low-water
crossings

¢ Can be guidelines for stream restoration projects

* Not all crossings are required to have fish passage

¢ Some crossings may require passage for only specific
species or age classes of fish

Design Options

 Active Channel Design

¢ Stream Simulation Design

* Hydraulic Design

Design Options

Allowahle Design Options

Active Channel Hydraulic Hydraulic

Design Option Design Option | Capacity &
or For Upsiream | Structural

Fish Passage Stream Simulation | Fish Passage Integrity

Reguirement Design Option

Adult Anadramous Salmonids X X

Adult Non-Anadromous Salmomds X X

Juvenile Selmonids X X

Native Non-Salmonids X Conditional based

B — — - on species

N e Species X swimming data

Fish Passage Not Required X X
Table 2
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Active Channel Design Option

Simplified conservative design

Determination of fish passage flows, velocities, and depths
not required

Suitable for the following conditions:

— New and replacement culvert installations
— Simple installations with channel slopes 3%
— Short culvert lengths (less than 100 feet)

— Passage required for all fish

February 6 - 8, 2013

Active Channel Design Option

Fill

T

Embed 20% to 40% Embed 340 % at
at Downstream End Stream Flow Upstream End
——

Culvert Width 4.5 Times
Natural Channel the Active Channel Width
Cross-Section

Stream Simulation Design Option

Design process intended to mimic the natural stream
process within a culvert

Determination of fish passage flows, velocities, and
depths not required

Requires greater level of engineering expertise than
Active Channel Option

Suitable for the following conditions:

— New and replacement culvert installations

— Complex installations with channel slopes up to 6%

— Longer culvert lengths (greater than 100 feet)

— Ecological connectivity required

Fish Passage Design Criteria for Road

Crossings
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Stream Simulation Design Option

February 6 - 8, 2013

Road Fill

Culvert Slope same

Culvert Embedded 30 to
as Channel Slope

" 50% for Full Length

Stream Flow
-

renE

Natural Channel Culvert Width #Bankfull Channel Width
Cross-Section ..
- Bankiul
Channel

L

|

Native Streambed Mt

or Engineered Fill ulvert Embedment

Stream Simulation and Active Channel
Design Considerations

¢ Requires stream channel information and analysis to
ensure design objectives and performance goals are
met over the long term

¢ Information/Analyses needed:

— Topography of the stream channel extending both
upstream and downstream

— Determination of bankfull or active channel width
— Flood flows

— Sediment and substrate characteristics

Hydraulic Design Option

¢ Design process that matches the hydraulic
performance of a culvert with the swimming ability
of target fish species and age class

¢ Determination of fish passage flows, water velocity
and flow depth is required

* Knowledge of the swimming ability and behavior of
the target fish is required

e Requires engineering expertise, hydrologic data
analysis, and hydraulic calculations

Fish Passage Design Criteria for Road
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Hydraulic Design Option

* Suitable for the following conditions:
— New, replacement, and retrofit culvert installations

— Low to moderate channel slopes (less than 3%)

— Active Channel or Stream Simulation design options are
not physically feasible

— Swimming ability and behavior of the target species of fish
is known

— Ecological connectivity is not required

— Use for evaluation of proposed improvements to existing
culverts or other crossings

Hydraulic Design Option
Culvert Setting and Dimensions

e Minimum Culvert width is 3 feet

¢ Culvert slope not to exceed the slope of the channel if culvert
is embedded

¢ Culvert slope not to exceed 0.5% if culvert is not embedded

¢ Where possible, the culvert should be embedded a minimum
of 20%, or at least 1 foot.

Hydraulic Design Option

Maximum Water Velocity For Adult Salmonids

Culvert Length vs Maximum Average Water Velocity
for Adult Salmonids
Culvert Length Adult Non-Anadromous Adult Anadromous
(ft) Salmonids Salmonids
(fps) (fps)

<60 4 6
60-100 4 5
100-200 3 4
200-300 2 3

>300 2 2

Table 6
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onp

WATER VIILOEITY 1M FEET PER BEC

MAXBAN JLLOWAZLE DSTANCE BETWEEN RESTING POOLS N FEET

Hydraulic Design Option

Maximum Water Velocity and Minimum Flow Depth

Maximum Average Water Velocity

and Mini Depth of Flow
Maximum Average | Minimum Flow
Water Velocity Depth

Species/lifestage (Ips) (1)
Adult Anadromous Salmonids See Table 6 1.0
Adult Non-Anadromous Salmonids See Table 6 0.67
Juvenile Salmonids 1 0.5
Native Non-Salmonids Species specific swimming performance

data is required for the use of the
hydraulic design option for non-s
Non-Native Species Hydraulic design is not allowed
specics without this data

Table 5

Fish Passage Window
High and low fish passage flows

¢ Low passage flow: minimum water depth
must be maintained down to the LPF

¢ Hi passage flow: average culvert water velocity
must remain below the maximum allowed
value up to the HPF

Fish Passage Design Criteria for Road
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Hydraulic Design Option: Hydrology

Flow Duration — Flow Exceedance

¢ A flow duration curve describes the natural flow
characteristics of a stream by showing the percentage of time
that a flow is equal to or greater than a given value during a
specified period (annual, month, migratory period.)

¢ Flow exceedance values are important for describing the flow
conditions under which fish must be able to pass

Flow Duration Curve
~— 5 Percentile Flow -
X000 4+ Vi High Velocity Considerations
¥ —_ 50 Percentile Flow
[ Y Winter vs Summer Flow

g X00 4= ' \
2 :
o H \
L XoT

% of Time Flow Exceeded

Hydraulic Design Option: Hydrology

Recurrence Interval (or Flood Frequency)

¢ Statistically derived values- generally used to specify hydraulic
capacity and structure design flows.

* Referred to as Q2, Q10, Q100, etc.

Fish Passage Design Criteria for Road
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Hydraulic Design Option

Low Design Flow for Fish Passage

Used to determine minimum water depth within a culvert

Low Design Flow for Fish Passage

Percent Annual Alternate

Exceedunce Flow Minimum Flow
Species/Lifestage (cfs)
Adult Anadromous Salmonids 50% 3
Adult Non-Anadromous Salmonids 90% 2
Juvenile Szlmonids 95% 1
Native Non-Salmonids 90% 1
Non-Native Species 90% 1

Table 4

Hydraulic Design Option
High Design Flow for Fish Passage

Use i i ity withi vert
High Design Flow for Fish Passage |
Percent Annual Percentage of
Exceedance Flow 2-yr Recurrence
Species/Life Stage Interval Flow
Adult Anadromous Salmonids 1% 50%
Adult Non-Anadromous Salmonids % 30%
Juvenile Salmonids 10% 10%
Native Non-Salmonids 5% 30%
Non-Native Species 10% 10% |
Table 3

Calculating high fish passage design flows

* NMFS and DFG criteria originally set a value of

50% of the Q2 flood frequency as an acceptable “high fish passage
design flow” for salmonids throughout CA.,

¢ NMFS is currently reviewing this standard for the south CA coast
because of the “flashy nature” of streams and the limited time
available for steelhead to swim up to spawning grounds

¢ Aunique [higher] “high fish passage design flow” criteria may be
warranted for Southern California steelhead passage. NMFS hopes
to sponsor additional research to provide a scientific basis for any
changes, if warranted

Fish Passage Design Criteria for Road
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Flows

400
350
- 300

S50
1)
2200
£

£ 150

February 6 - 8, 2013

Hydrograph Duration (hours)

0 6 1218 24 30 3 4 48 54 60 66 72 78 84 0 %

Stream Hydrograph with High Fish Passage
Flows

o - N ==

Hydrograph Duration (hours)

0 6 1218 24 30 3 & 48 54 60 66 72 78 84 90 %

Stream Hydrograph with High Fish Passage
Flows

400
350

2200
I

2150 ?J ] \
% 100
5 / £ \W

Hydrograph Duration (hours)

0 6 12 18 24 30 3 4 48 54 60 6 72 78 84 90 9%

Fish Passage Design Criteria for Road

Crossings Steve Thomas

14



5 Counties Fish Passage Design

Workshop

Full Q2 50%Q2 1%
Flow event method  Exceedance
Flow (mean

daily
discharge)

600 cfs

More on high flow fish passage design criteria:

Case Study: San Jose Creek in Goleta CA., 2008-09
both high flow methods were calculated:

1% Proposed high flow
Exceedance design criteria**
(15 minute

interval data)

February 6 - 8, 2013

by NMFS in ESA consultations

** This initial high flow design criteria was proposed by designers
because it was presented as the estimated flow where sediment
begins to mobilize in San Jose Creek...

This is not an acceptable design criteria and will not be accepted

Hydraulic Design Option

Maximum Drop at Culvert Outlet

Maximum Dro)

at Culvert Outlet

Species/Lifestage

Maximum Drop (It)

Adult Anadromous Salmomds

Adult Non-Anadromous Salmonids

Juvenile Salmonids

0.5

Native Non-Salmonids

Non-Native Species

Where fish passage is required for native
non-salmonids no hydraulic drop shall be
allowed at the culvert outlet unless data
is presented which will establish the
leaping ability and leaping behavior of
the target species of fish.

Table 7

Fish Passage Design Criteria for Road
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Hydraulic Design Option
Miscellaneous Hydraulic Considerations

¢ Hydraulic controls in stream channel

» Baffles in culvert — a “least preferred design
method” for modern culvert passage

¢ Avoid adverse conditions

— Supercritical Flow
— Hydraulic Jumps
— Highly Turbulent Conditions

— Abrupt changes in water surface elevation at
inlet and outlet

CDFW Checklists

m Fish Screens = Road Crossings

m Fish Ladders — Stream Simulation

= Boulder Weirs — No-slope Culvert

= Rock Chutes — Hydraulic Design Culvert
m Roughened Channels * New

m At-Grade Diversions * Retrofit

m Bank Protection — Culvert Baffles (retrofits)

— Bridge/Bottomless
Culvert

Fish Passage Design Criteria for Road
Crossings Steve Thomas
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FEMA- and Federal Highways-
funded culvert replacement
projects must meet all current
fish passage criteria where
fish passage is required.

All Design Options: “Big Picture, Stream Specific”
Considerations, Conditions and Restrictions

¢ Anadromous salmonid spawning areas
* High design flow for structural integrity

¢ Oversizing for debris
¢ Interior illumination

e Multiple culverts
¢ Bottomless culverts

* Exceptions from criteria; variance procedures

“Problem Culvert” Retrofits for Fish Passage

¢ Problem culverts are usually undersized and often don't have
excess hydraulic capacity

* Some problems may be correctable, but culvert will probably
still be a partial barrier

¢ Use baffles and weirs inside culverts with caution

¢ |f possible, use hydraulic control structures (rock weirs, etc.) to
improve hydraulic conditions through the crossing

¢ Meeting the Hydraulic Design criteria should be the goal for
problem culvert retrofits

¢ Variances are typically required from NMFS in ESA
consultations; approval is not guaranteed; a formal variance
procedure is required

Fish Passage Design Criteria for Road
Crossings Steve Thomas 17
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NOAA Fisheries Service- Southwest Region
Request for Design Criteria Variance

1. Date:

2. Name and Contact Information of Petitioner:

3. ionship of the petitioner to the project:

4. Brief description of the project and its location

6. Concise of ing/rationale as to why a variance is required or necessa
(hydraulic, biology, unusual ci that prohibit using a criteria, etc.)
7. Other pertinent il ion as necessan

e.g- time constraints, program/policy implications, etc.

Note: all variances are i ona b) basis, based on jon of adequate ji
Justification must be explained in terms of biological, i ing, or technical ities or

Variances are from established federal fish passage guidelines and design criteria in California contained in
Salmonid Passage at Stream Crossings (NMFS 2001) and Fish Criteria for

(NMFS 1997)
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In Conclusion

« Ideally, a culvert should not change the conditions
that existed prior to it’s installation

¢ The cross-sectional area of the stream should not
be restricted by the culvert

¢ The channel slope should not be changed
* The channel roughness should remain the same

¢ Design it wide enough for stream fluvial processes
to continue

¢ Set it deep enough to allow for the normal, or
expected, variations in streambed elevation

Fish Passage Design Criteria for Road
Crossings Steve Thomas
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