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|. Introduction

Why are stream crossings a BIG deal?

Monitoring results tell us that crossings often have
problems (~-20%) and that a high percentage of
sediment delivery to streams occurs at or near
crossings.

Crossings are built in risky locations subject to
large environmental stressors.

Crossings are built with planned failure in mind.
Crossing structures have an expected life.

Crossing design, installation, or maintenance is
often inadequate.

No such thing as a









Il. Types of Crossings
Available
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Types of Crossings

. Culverts

Open Bottom Arches
Bridges
Fords

Temporary Crossings

Temporary Fords [e.g., Spittler
log fill, rock fill, etc.]

Temporary Culverts
Temporary Bridges

No Permanent Humboldt Log Crossings




Which One Should | Use?

Depends oné

A Watercourse class (e.g., fish present?).

A Watershed drainage area and expected size of
100 year flood flow.

A Channel slope; landslide susceptibility.

A Maintenance expected.
A Amount and type of traffic expected.
A Road type (permanent, seasonal, temporary).

A Amount of wood and sediment expected to
reach the crossing location.

A Topography at the crossing site (incised or flat?).




A. Culverts

A Culverts in forest settings very common
(~70% of crossings)--mainly steel or plastic.

A Aluminum not used as much since the mid-
1 9 8 0 6os expensive. At that time, plastic
pipes became available.

A Plastic now used heavily (particularly up to
48 inchesd especially in the Coastal
Mountains).



A. Culverts

APr oos AConos
I Good for small, non- I Require lots of
fish headwater maintenance!
streams where i Steel--expected life
winter maintenance often only ~25 years
1S pOSSIble and will (typ|Ca| range 20-50
OCCur. years)_

I Relatively high
probability of failure,
especially from
sediment and woody
debris.

I Bad for fish passage.
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as i

Caltrans expects a minimum life of 50 years for HDPE pipes exposed
to sunlight. UV damage is generally not a concern (may be 75+ yrs).

Benefits that HDPE pipe have over CMP include: (1) light weight, (2)
ability to be cut with hand tool s
a large fire hazard, (3) abrasion resistant, and (4) resistant to corrosion
due to low pH soils.

Double-walled pipes are very common now and provide:

I more rigidity to accommodate higher static (overburden) and dynamic
traffic loads.

I alower roughness (n) value to increase the conveyance capacity of the
pipe (about the same as a concrete pipe).

Problems: (1) increased flow velocities on inclined culverts; and (2)
significant energy dissipation structures are often needed below
HDPE pipes.

Biggest problem: Fire Damage.




Holes left where
plastic culvert
burned in small
drainages

Roca/Rosa 2007
Fires

San Diego County

Photo: R. Eliot, CAL
FIRE (retired)



Burned Plastic
Culvert
Glendale, OR
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B. Open Bottom Arch

APr oods AConos
I Excellent for fish I Expensive.
passage. i Will require a
I May be cheaper than professional
a bridge. engineer design.
I Can fail by

undermining if
concrete footings
not on solid rock
base.

Concrete footing

Image: Weaver and Hagans 1994



Open Bottom Arch,
Latour Demonstration
State Forest, Shasta_
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C. Bridges

AProos AConos
I Excellent for fish I Expensive.
passage. i Railroad flatcar bridges

If built correctly, long
expected life (low chance
of failure).

Little impact to the

stream channel. |

Little sediment entry.

Low overall
environmental impact.

Good for incised stream
channels/larger
watercourses.

are $20,000 to $50,000,
depending on length (55
ft or 90 ft) + $10,000 or
more to install).

May require Professional
Engineer design.



fALegacy Crossingso

Log Stringer Bridge
Mendocino County
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. Forest Creek

Note Pre-Cast Concrete Supports
M

Steel Bridge
Calaveras County
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) Rail Flatcar Bridge, Santa Cruz County IJ o,
Common Low-Cost Alternative to Conventional Bridge |/ |

| Construction; Can be Temporary or Permanent
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D. Ford Crossings

APr oos

Often relatively
Inexpensive alternative
for small to medium
sized streams w/stable
bottoms.

Low maintenance.

Low chance of failure if
designed correctly.

Better than a pipe where
winter maintenance will
not occur (no plugging).

Not very sensitive to
specific flow volumes

(nforgivingo) .

Good for channels
susceptible to
landslides/debris flows.

AConos

Can have high sediment
entry, high impact to
stream channel,
especially with lots of
traffic.

Rock ford crossings can
fail easily if not designed
correctly.

Not passable during
flood flows!

Improved ford crossings
(concrete slabs) bad for
fish passaged prone to
scour around edges.



= 1
g o

Wnan 0
S H=woe N <
z252% 3 <
pCCmHan 0
c o2 0= o s S e
DL =I0nNEO n

«, ¢

anlﬁ.. M» %J ,._.. ;







Rock Ford Design Specifications

Tim Best, CEG

AGGREGATE ROAD BASE (where specified)
Extend base rock to top edge of dip
Diameter: 3" minus
Deoth: 4" deep

3% {max) Outslope

ROCK ARMOR: 12" to 18" diameter

1.5 (unless otherwise spacified).
« Rock should generally be well graded

{incorporating mix of sizes)
» Voids sha!l be filled with smalier rock w0
prevent piping 2-ound the larger rock.
« Larger rock to be placed at bass of
apron {18" - 247)

AGGREGATE SUB BAS
Diameter: 6"to 12"=
Depth: 8" deep

Nots: Where specfied separate base from subbase
with woven geotextile fabric (Minf 700X o i1
equivalent) Key rock minimum of

18" into native soils

Large rock (18-24 in) needed at
base of crossing




Conrete Slab Fordd Tehama
Countyd Ponderosa Way.

Pave across live streams to

maintain water quality with regular
traffic (get scour at edge).
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Diagram of a Vented Ford Crossing
(Keller and Sherar 2003)

Reinforced Roadbed wath

Maximum Expected Rock or Concrete Slab

High Water Level

b. Improved (Vented) Ford with Culvert Pipes in a Broad Channel

Note that armoring must extend to the 100 yr High Water Level
on either side of the pipes.



Comparison of Crossing Types Impacts on Water
Quality

I Culverts: higher catastrophic failure risk;
lower chronic sediment input.

I Fords: lower catastrophic failure risk;
higher chronic sediment input.

I Chronic Water Quality Effects from
sediment entry:
AHighest: fords and culverts
ALowest: bridges



E. Temporary Crossings

APr ods

Little impact to stream
channel if designed
and implemented
correctly.

Almost no chance for
failure.

Complete fish
passage.

Relatively inexpensive.

Required for
temporary roads
(pulled by October
15t).

AConos

I Higher sediment
Input, especially if
built incorrectly.

I High sediment
Input if removed
Incorrectly.




“‘Spittler crossing” typical

6" thick

straw layer |
running

surface

Logs grouped
with chokers

Culvert
(If needed)

Image: T. Spittler, CGS (retired)



Temporary Spittler
Crossmg6 Tehama



Temporary 12
Inch plastic
pipe

Santa Cruz
County
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Temporary Bridge Crossingé-SF
- Stanislaus River, Fuelumne Countyd SPI
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Crossing Crosswalk

Class | fish-bearing

1. Temporary crossing;
2. Bridge; 3. Open-bottom
arch; 4. Pipe arch culvert

Class Il non-fish
bearing perennial

Culvert or Temporary
Crossing

Class Il non-fish
bearing intermittent
UEELWEEY

Culvert or Rock ford (or
Temporary crossing)

Class lll ephemeral

Rock ford or Culvert (or
Temporary crossing)




PREFERRED ALTERNATIVES FOR
FISH-BEARING CROSSINGS

The following alternatives and structure types should be considered in
order of preference (NMFS 2001):

1. Nothing - Road realignment to avoid crossing the stream.

2. Bridge - spanning the stream to allow for long term dynamic
channel stability.

3. Bottomless arch, embedded culvert design, or ford.

4. Non-embedded culvert - this is often referred to as a hydraulic
design, associated with more traditional culvert design approaches
limited to low slopes for fish passage.




Ill. What Can Go Wrong at a
Crossing?

(short answerd LOTS!)
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Culverts Blocked
by Woody Debris

Photo: Wopat, CGS

Photo: Wilson, CVRWQCB






Typical Woody Debris Lodging at the
Culvert Inlet (Flanagan 2004)







Failure Mechanisms for Culverts Along Forest
Roads in Northwest CA Associated with
Storms < 12 RI (Flanagan 2004)

Debriz torrent

Hydraulic 3oz e cimernt <l
= N i =

ExXCEedence, Lo~ ment =

1 Tors

12% o

Wood /

zed irn&nt—r"

18%

" Wood debriz

o1%

n=>57/



U4 S e _

] ~ _’m

J < e ‘,:_‘~ | S W
PR F R i S
SO e

op -
o " -

= o
.

&.

Tl
Pacific Watersheg A

Photo:



Humboldt County Crossingd Inlet Blocked

Photo: Scanlon, CAL FIRE



Lassen National Forest



