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Introduction

Scope of this Guide

The primary purpose of this guide isto provide guideines to land and fish and wildlife managersthat are
ng, planning, designing, or ingtaling repairs or replacements for road/stream crossings under the
Oregon Plan for Sdmon and Watersheds.

These current guidelines are an attempt to organize together and embellish the current rules, regulations,
and guidance regarding road/stream crossing inddlations. This current training document along with
other guidance (Appendix D and E) is designed to replace earlier guidance memorandums
(i.e., Robison 1995 and 1997) for fish passage guidance for state and private forestlands. For
other landuses, the Oregon Department of Fish and Wildlife guidelines (Appendix A) along
with other information in the Appendixes are the official rules and guidelines for fish passage.

Thistraining should prove useful for fish passage designs on other landuses (i.e. agriculturd, state and
county trangportation, and urban) when designing for fish passage and applying for various available
grants but is not regulatory. A new guidance memorandum that has excerpts from this guide that
focuses on the essentid dements of designing and ingdling replacement culverts is dso avallable from
ODF.

Using this Guide

The introduction largely deds with background informetion. If you have a known problem culvert and
have some idess of the basics and definition of terms regarding culverts you can quickly skip ahead to
step two of the methods section which deal's with information needed regarding a problem culvert. I
you know that you want to replace the culvert you can then skip ahead to steps four and five in the
methods section which deal with deciding which dternative to use and how to develop adesign and plan
for crossing replacement. The introduction sections as well as the rationae sections provide

background information about fish passage for those interested in learning more. The Appendixes
provide officid rules, guidance and regulations aswell as some useful checklists and how to guides.
Washington State has aso developed a similar guidance document to this one and is available on the
world wide web at [http//mww.wa.gov/wdfw/hab/engineer/cr/toc/htm].
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The importance of properly functioning road/stream
crossings (why fix them)

1. Fish Passage blockage or impediment

Stream channel crossings by roads have been the cause of serious losses of fish habitat due improperly
designed culverts. One study estimated the loss in habitat from culverts on forest roads as 13% of the
total decreasein coho sdmon summer rearing habitet in the Skagit river basin in Washington sate
(Beechie et d., 1994). This percent decrease in summer habitat was considered greater than the sum
tota effects of dl other forest management activities combined. Another paper reported that as many as
75% of culvertsin given forested drainages are either outright blockages or impediments to fish passage
based on field surveys done in Washington state (Conroy, 1997). Surveys of culverts for county and
gate roads have found hundreds of culvertsthet at least partialy block fish passage (Al Mirati, Persona
Communication).

Loss of fish passage at road crossings has many potentia effects. One obvious effect isthat if the
crossing blocks upstream fish passage of both adult and juvenile anadromous fish the reach will no
longer be accessible as habitat. However, there are many other potentia effects which include the
fallowing:

1. Theloss of genetic diversity in an upstream reach for resident fish asfish can go
downstream but not back upstream.

2. Theloss of range for juvenile (anadronmous) and resident fish that may migrate upstream at
certain times of the year.

3. Theloss of nutrients (from the anadromous spawning adults) to reaches upstream of
passage blockages.

4. Changesin fish genetics or community assemblages upstream of fish passage impediments
because certain stronger swimming fish species or life stages can pass upstream while the
wesker svimming fish can not.

5. The loss of resdent fish on smal streams after extreme flood of drought events that
evacuates fish from the reach and fish are not able return.

There are other examples aswell. An excellent review of the various problems associated with loss of
fish passage is discussed in a recent paper by Washington Trout (Conroy, 1997).

2. Chronic Sediment Input

Road/stream crossings represent the places where the road system and stream system intersect. Often
times improperly desgned or maintained fills will input sgnificant amounts of fine sediment into the
stream system. The storm events required to cause aroad fill to input fine road based sediment into the
stream are often not large, so sediment enters the stream at times when there is not as much energy
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available to trangport the sediment and the fine sediment is able to intrude into the stream bed degrading
gpawning and other gravel deposits.

3. Catastrophic crossing failure

Undersized and/or improperly maintained culverts have a greeter risk of failure than properly sized and
maintained culverts. Failures can cause spectacular negative impacts on downstream reaches including
dambresk floods and severe sediment scour and deposition as well as damage to riparian vegetation
and banks. During the recent 1996 floods, there were ainstances where this occurred and the channel
impects particularly from large fill failures were comparable to the most extreme landdide impacts
(Robison et d., 1999). Newer designs often include Strategies where the primary culvert may fail but
over flow dipsin the road are in place to convey the flow that preventsfill failures or even eroson of
stretches of roads.

Current Oregon regulations and programs on fish passage

The Oregon Department of Fish and Wildlife (ODFW) by datute isthe lead state agency for al types of
fish passage concernsin Oregon. In keeping with this role, ODFW has produced guiddlines regarding
fish passage (Appendix A). The statute (Appendix B) requires that fish passage be provided where
anadromous, food or game fish species are present. Oregon Department of Forestry (ODF) and
Divison of State lands (DSL) dso regulate fish passage in away that is competible with ODFW on
dtate and private lands (see Memorandum of Agreement between agencies Appendix C). On federd
lands, the Forest Service and other federa land holders are to comply with ODFW rules and statutes.
In areas with endangered species listings, fish passage authority is aso given to Nationd Marine
Fisheries Service and U.S. Fish and Wildlife Service.

The ODFW guiddines specify maximum velocities, entrance drops, and minimum water depth criteria
for culverts. The ODFW guidelines have a preference for using bridges but also dlow for culverts that
smulate naturd streambed conditions, non-embedded culverts placed essentidly flat, and culverts using
baffles or weirsin order of decreasing preference.

ODF has a so produced regulatory guidance (Robison 1995, 1997, and proposed guidance in
Appendix D) designed for landowners and operators regarding fish passage in terms of crossing
dternatives that will likely passfish under different Stuations. The differing Stuations include stream
gradient, stream valley fill present and specific type of drategy involved. These guiddines (both old and
new) require that culverts designed to have no sediment in them, be placed essentialy flat (Iess than or
equal to 0.5% gradient) and that culverts designed to Smulate natural bed conditions be designed for
stream widths smilar to natural stream width and be placed at a gradient smilar to or somewhat below
natura stream gradient. This current training document along with other guidance (Appendix D
and E) is designed to replace these earlier guidance memorandums for fish passage guidance
of state and private forestlands. Note also that ODF is providing a streamlined guidance
memorandum that contains excerpts from training that is focused on culvert design and
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installation.

The expedited generd authorization approva process as well asfill and removad permit information for
road congruction on non forest lands, which isregulated by DSL, is available on the world wide web at
[http:/ statelands/dd .or.us/roadinfo.htm] or by cdling loca DSL offices or the main officein Sdem at
503-378-3805.

There are severad other non-regulatory programs regarding fish passage in Oregon. Within the Oregon
plan for SAmon and Watersheds there are two forestry measures that relate to fish passage (ODF1S
and ODF2S). These two voluntary measures regard the identification and correction of al road related
problems on private indudtrid forest lands over the next ten years. Each year hundreds of culverts are
being replaced. Thistraining in large part is being sponsored to support these efforts.

In addtion the Governors Watershed and Enhancement Board (GWEB) and ODFW’ s Restoration and
Enhancement Board has been funded to give grants to projects that enhance fish habitat and watershed
function including fish passage improvement projects. One purpose of thistraining isto provide
guidance to those preparing grant applications that regard fish passage improvements.

Biological Elements of Fish Passage

A number of factors have been attributed to the reduced number of sdlmonids (salmon and trout). Most
frequently fingers are pointed at dams, ocean and freshwater fishing, oceanic habitat conditions, loss and
degradation of freshwater habitat due to forest and rangeland management, hatcheries and predation by
marine mammals and exotic fish species. Barriers and delays to fish passage such as those found at
road crossings have been added to thislist of factors.

One of the most basic improvements land managers can make in the attempt to recover saimonid stocks
isa sream crossings. Our public and private transportation system has thousands of stream crossings
that determine whether or not upsiream habitat will be accessible as habitat for juvenile and adult
sdmonids. Itistheintent of this portion of the guidebook to investigate how stream crossing structures
are problems for fish passage and why it isimportant for fish to be able to move into different parts of
the stream network.

The Fundamental Problem of Culverts

Streams are complicated systems conveying and storing large amounts of water, energy, woody debris,
sediment and bedload material. The combination of these e ements resultsin an eaborate pattern of
flow, water temperature and channd forms such asriffles, pools, runs, glides and sde channds over
both space and time. The naturd forces that created these patterns aso resulted in barriers and delays
to fish passage a waterfdls, landdides, debrisjams, channel condrictions and during times of extreme
flows and temperatures. Pecific Northwest sdmonid stocks, their behavior and their svimming
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capabilities developed in conjunction with these diverse habitat and flow conditions. Adding manmade
barriers such as dams, pollution, excessive turbidity, temperature, water removal, landdides, debris jams
and impassable road crossings to the stream network has likely increased the number of delays and
barriers to fish passage beyond naturd levels.

Fish Movement and the Road Network

Some of the primary motives fish have to move or migrate are to satisfy basic requirements for:

1) reproduction
2) habitat (i.e. food, cover)
3) refuge

The upstream migration of adult sdmon is likely to be the first image of fish migration that comes to
mind. Spawning salmon, however, do not arrange themselves haphazardly in awatershed but instead
Seek particular habitats according to stream Sze, substrate and water velocity. For example, pink and
chum salmon do not stray far from the estuary while steelhead and cutthroat trout can be found in smdll
headwater streams. Sdlecting certain niches in the freshwater network for spawning is beneficid to the
resultant juveniles by reducing competition for limited resources.

While the upstream movement of reproducing salmon and young salmon heading down river to reach
their ocean feeding grounds are familiar phenomena, other occasons of fish migration or movement are
not popular knowledge. Both juvenile sdlmon and resident trout have been observed to move both up-
and downsiream in response to various environmental factors. Thisincludes seeking refuge from
elevated stream temperatures, extreme flow conditions and predation or they move seeking less densdly
populated areas with better opportunity for food and cover (Bustard and Narver 1975, Cederholm and
Scarlett 1981, Everest 1973, Fausch and Y oung 1995, Gowan et a. 1994, Hartman and Brown 1987,
Reiser and Bjornn 1979, Shirvel 1994). For some juvenile fish, upstream migration can be an
important part of therr life cycle such as sockeye sdmon fry swimming upsiream to reach their rearing
lake. Coho juveniles have aso been noted in severa sudies to migrate upstream in the fall into
Sdewater channels and tributaries (Bustard and Narver 1975, Cederholm and Scarlett 1981, Skeesick
1970). While the exact reason for this migration is unknown, there is growing evidence that coho
juveniles overwintering in these areas have higher surviva rates (Bustard and Narver 1975).

From thisdiscussion, it is gpparent that barriers to movement presented by overlaying the stream system
with the road network can prevent fish from meeting their basic requirements for reproduction, habitat
and refuge. Delays and barriers due to stream crossings can be divided into three different categories
(Dane 1978) each with different potential impactsto fish (Table 1).
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Table 1: Barriers to fish passage and their potential impacts.

Barrier Category | Definition Potential Impacts
Tota Impassableto dl fisha | 1) Exdudon of fish entirdy or from portions of
al times awatershed
2) Isolation of fish populations upstream of
barrier
Partia Impassable to somefish | 1) Exclusion of certain fish species or ages
adl times entirely or from portions of a watershed
2) Isolation of certain fish species or ages
upstream of barrier
Temporary Impassable to dll fish 1) Dday of movement beyond the barrier
some of thetimes for some period of time

For example, problem road-crossings identified on Highway 101 aong the Oregon Coast have the
potentid to completely block migrating adult sdimon from entering an entire drainage system or change
the species composition. Highway 229 which winds aong the Siletz River, has likdly atered accessto a
number of tributaries that are crossed. In summary, the number, location and type of road-crossing
barriersin awatershed acts as afilter that will determine the amount of habitat available to each species
and age-class of fish.

Culverts from the Fish Eye View: Components of the Fish Passage Guidelines

The Oregon Department of Fish and Wildlife (ODFW) and Oregon Department of Forestry (ODF) fish
passage guidelines were designed with the intent to ensure that any artificia obstructions placed across a
stream would not pose a barrier to the movement of adult and juvenile sdmonids, both resident and
anadromous. While much of this presentation will focus on the complexities of the anadromous species,
many of the factors that affect anadromous fish are equally applicable to resident species.

Table 2 provides agenerd summary of the criteriafound in the ODFW fish passage guiddines and the
related biologicd factors. To smplify the complexity of the guidance criteria, ODF has taken amore
conservative gpproach to fish passage by requiring that in al cases road crossings be designed to pass
juvenilefish. The design dterndtives in the ODF guiddines dso diminate the need for trying to design
for specific water velocites in the pipe barrd. Thus, while the dternatives in the ODF guiddines do not
explicitly contain the criteria contained in Table 2, their design is based on consideration of these criteria
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While the ODFW design flow and in-stream work period guidelines address important issues for fish
and fish passage, the problematic characterigtics of culverts most readily identifiable in the field include:

1) High velocities or sudden changesin velocity at the culvert inlet, outlet or within the barrel
2) Jumpsto the culvert inlet or outlet

3) Shdlow water depths

4) Lack of resting pools at the culvert inlet, outlet or within the barrel.

Since the fish passage guidelines are species and age specific, the first critica step in evaluating
the performance of an exigting drainage fegture or in designing a new one isto identify what species and
age-class of fish will need passage.

Table 2: Biological factors related to fish passage criteria. Certain ODFW regulatory criteria differ for culvert
length (L), fish species (S) and age of fish (A, adult or juvenile).

Fish Passage Criteria and Related Biologica Factors
Generd Regulaory Criteria Biologicd Factors

Water velocity inculvert (L, S, A) Swimming Speed

Water Depth in culvert (S, A) Submergence (sufficient depth for svimming)

Design flow criteria (S, A) Delays, disperson

Height between culvert outlet and water Jumping ability

surface (S, A)

Timing of in-stream work (S) Emergence (slting in of redds)
Migration - delays or reduction of adult
spawners

1) What is the Design Fish Species, Age and Time of Migration?

In western Oregon, the species you are likely to be designing for include juvenile or adult coho,
chinook, steelhead and cutthroat trout. In central and eastern Oregon design pecies may include
juvenile or adult chinook, steelhead, cutthroat or bull trout. Though each specieswill vary inthetime a
which migration and spawning will occur as well as the period of time spent maturing in both the fresh-
and saltwater phases, the life cycle of the typica anadromous sdmonid can be generdized as follows.
Upon becoming sexudly mature after being in the ocean for 1-6 years, anadromous sdmonids migrate
to their natd freshwater streams. Upon reaching suitable spawning grounds, the adults will deposit their
eggsin redds, or nests, usudly located in clean gravels at the pool-riffle interface (Reiser and Bjornn
1979). Theeggswill hatch in one to three months, though the devinswill remain in the sream grave for
an additiond one to five months. The fry will then emerge from the gravelsin pring or summer.
Juvenile fish will gay in fresh water for afew daysto four years, depending on the species, before the
smolts migrate to the ocean. Fish will continue to grow and feed in the ocean for one to four years
depending on the species before beginning the cycle again as adults returning to their nata freshwater
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streams to spawn.

Resident fish species, such as bull and rainbow trout or non-sea run cutthroat, have smpler life-cycles
which occur entirely in freshwater. Some species, however, do make short migrations between and
within streams or to lakes for pawning or rearing.

The cycle described aboveis very generdized. Asde from the fact that these fish often have different
runs that begin their migration into fresh water a different times of the year (e.g., summer, fdl, winter,
spring runs), they also have different fresh- and saltwater resdence times (Table 3). The fry of chum
and pink sdmon migrate downstream to the ocean immediady after emerging from the gravel whereas
other sdmonids will remain in freshwater Sreams for ayear or more.

Table 3: Expected occurrence of anadromous salmonids in the Siletz River located in Lincoln County, Oregon
(personal communication, Randy Reeve, ODFW Fisheries Biologist).

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

Chum Adult
Salmon  Young
Eggs
Coho Adult
Salmon  Young

Eggs
Spring Adult
Chinook  Young

Eqggs
Fall Adult
Chinook  Young

Eqggs

Searun Adult
Cutthroat Young

Eggs
Winter Adult
Steelhead Young

Eqggs
Summer  Adult
Steelhead Young

Eqggs

Obvioudy, predicting when and where fish will need accessis chalenging, and that contact with a
fisheries biologist is essentid for identifying the proper species, age, and time of year to design your
drainage festure for. While the ODFW guiddlines provide criteriafor designing crossings for the adults
of different sdlmonid species, you should anticipate that you will be designing for the passage of juvenile
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fish in mogt cases. ODF guiddlines are designed to passjuvenilefish in dl cases and a site specific plan
would be required in scenarios where this may not be possible.

2) Timing of in-stream work

The dlowable time periods for in-stream work were established to avoid vulnerable life stages such as
migration, spawning and rearing. In-stream work can impact fish and fish passage in a number of ways.
Thisincludes direct harm to fish and eggs a the congtruction Site where equipment, turbid water, water
diversons and excavation activities can crush or damage fish and eggs or present aphysica barrier to
passage. Suspended sediment from crossing ingtalations can settle into redds or fish gills, delay
migration, increase the incidence of disease, and in extreme conditions will kill fish directly. Sediment is
especidly detrimentd to eggs and fry Hill inthe grave. Sediment settlesinto stream gravels, reducing
the flow of oxygen to eggs and fry, trgpping toxic metabolic wastes within the redds and can act as a
physicd barrier to fry emerging from the gravels.

It isimportant to note, however, that the guidelines for the in-stream work periods are not necessarily
inflexible. On a ste-gpecific basis, ODFW may consider variations in climate, location, and category of
work to warrant special indream work timing consderations.

3) Design Flow Criteria

When flows through a drainage feature create conditions that are impassable to fish, their up- or
downstream movement is delayed for as long as that condition perssts. This can occur at elther
extreme of high or very low flow conditions. Adult spawning migrations are commonly timed with
freshets that may result in excessive velocities or other impassable conditions in culverts for a period of
time. Delay can result in anumber of negative impacts on fish (Fish Commission of Oregon 1969,
Groot and Margolis 1991, Travis and Tilsworth 1986):

1) Deayed fish may expend their stored energy necessary for successful migration, maturation
and spawning before reaching their destination, resulting in weakened fish more disposed to
disease or pre-spawning mortdity. Salmon usudly stop feeding before entering fresh water
and depend only on their bodily reserves of fat and protein for migration, further maturation,
gpawning and redd defense until they die. Changesin body fat reserves of sockeye saimon
in the Fraser River were observed to be over 90% depleted in females and less than 90% in
males at the time of death after spawning. Consdering that some salmon species, like the
Snake River runs, will travel up to 900 milesto reach their spawning groundsthisisa
considerable fest.

2) Deayed fish arrive a holding or spawning aress later than norma. Spawning periods may
be timed with crucia flow and water temperature conditions necessary for egg and fry
urvivd.
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3) Thedigribution of spawning fish can be affected by delays. If fish cease to move upstream,
headwater areas may be poorly seeded with redds while the number of nests below the
barrier may be beyond the carrying capacity of the area. Late spawnersin areas with high
redd dengties may dig up eggs previoudy deposited, exposing them to certain predation.

4) During agudy of the ability of Arctic grayling (Thymdlus arcticus) to pass through a 110 ft.
long 5 ft. diameter highway-crossing pipe, the fish were prevented from passng through for
eight days during a period of high flow (Travis and Tilsworth 1986). The experimenters
observed that asubstantial number of fish holding in the pool below the culvert were taken
by sport fisherman.

5) Femae fish subject to harassment, disease, poor environmental conditions, depletion of
bodily reserves or high spawning dengties have been noted to not fully spawn but retain a
Substantia percentage of eggs.

6) Juveniles or resident fish seeking more abundant food, cover or favorable water
temperature conditions as well as refuge from high flows or predation may have to remainin
less than ided habitat conditions.

A culvert that is a problem to fish passage due to its design flow is often not readily recognizable in the
field. Estimating design flows through frequency andysis or another method would likely be necessary
to identify over- or under-sized culverts for ided fish passage conditions.

4) Water velocity and swimming speed

The pattern of water velocity in anaturd channd is very complex. A wide variety of svimming
conditions are avalable for fish, ranging from high veocities and turbulence in the main flow to quite
dow, cam water dong the stream edge, around large boulders and wood, or within side channels.
Even though average stream velocities could be much greeter than the ability of adult or juvenilefish to
pass, there are abundant low-vel ocity zones near and within the boundary layers of roughness e ements
such as bed materia and logs that alow upstream movement. The velocity profile of aculvert, on the
other hand, can present arather homogenous pattern of high water velocities with few zones of dow,
calm water.

To navigate through their stream environment, fish use two muscle systems: red (aerobic) for longer-
term, low intengty activities and white (anaerobic) for short, high-intengity activities. Excessve use of
the white muscle system leaves a fish exhausted and requires along period of rest (Webb and Wehs
1983).

Fish use these muscles to achieve three different svimming speeds: cruising, sustained, and darting.
Cruigng speed can be maintained for extended periods of time, whereas sustained and darting Speeds
can be performed for only minutes and seconds at atime, respectively (Bdll 1986). Migrating fish
encounter avariety of flows and water velocities in a natura waterway, though cruising and sustained
gpeeds (red muscles) are adequate for most conditions (Bell 1986). Darting speeds may be required to
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navigate areas with high water velocities such as rapids, narrow sections, or reaches with steep
gradients.

To enter aculvert with aveocity or jump barrier white muscles may be required (sustained or darting
speed), but then the fish would likely use the red muscle group to swim therest. If white muscles are
required to swvim the entire length of the culvert, the fish may exhaust itsalf before successfully passng

through.

Fish have a disincentive to pass through culvertd "The change in hydraulics and light conditions are
enough to cause afish to hestate” (Bates 1995). Behlke et d. (1989) speculates that fish navigating
through culverts of unknown lengths will not expend energy at their full potentia but will move ahead
dowly to conserve energy. Thistheory is supported by field observations where fish passage through
culverts took longer than expected.

So how fagt and how far do fish swim? Information about the svimming ability of Pacific

Northwest sdmonidsis not abundant, and there is even less available specificaly about juveniles. It
appears, however, that for most species the greater the fork length (length from nose to fork of tail) the
gregter the swimming ability (Joneset a. 1974, Bell 1986). The swimming ability of afish can dso be
affected by the distance dready traveled, turbidity, temperature, Size, oxygen levels, water depth, water
velocity, and disease. Some swimming ability research of average-szed adult sdmonids has been
summarized in Figure 1. Thereisamarked difference in performance between adult and juvenile coho,
aswell as ademondration of the superior swimming capability of steelhead.

Coho (27) I:I M Cruising Speed
g [ Sustained Speed
i d
Coho (35" |:| Darting Spee!
Coho (4.75") |:|
e ]
Sockeye -
\
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Fgure 1: Relative swimming speeds of different fish species and age classes (adapted from Bell
1986).

In order to determine how far afish can swim without resting it is necessary to assume a velocity
(sustained or darting speed), the length of time the fish can sustain that velocity and the water velocity.
Powers and Orshorn (1985) suggest that the length a fish can swim can be calculated by:

LFS=(VF-VW)TF
where

LFS = Lengththefish can swim
VF = Fish speed

VW = Water velocity

TF =Timeto faigue

As discussed above, fish are likely to move through culverts using a sustained speed unless high
veocities or jJumps require the use of darting speeds. Coho salmon observed navigating rapidsin the
Someass River, British Columbia, swam quickly through the rapids then held in aquiet pool for some
time (Groot and Margolis 1991). This burst and rest pattern is likely the way that fish maneuver
through high velocity zones and jumpsin drainage fegtures, fish ladders, weirs or baffle sysems. If the
maximum time for maintaining either sustained or burst speeds is reached before aresting arealis
available, however, the fish will be swept back downstream.

Juvenile ssimon swimming upstream in culverts have been observed to take advantage of the low
velocity zones located close to the culvert wall (Barber and Downs 1996, Figure 2).
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Zones of juvenilefish

Fgure2 : Zones of juvenile fish passage in culverts (edapted from Barber and Downs 1996).

Apparently, up to certain velocities, the roughness of the corrugated culvert wall provides alow velocity
boundary zone where passage for these small fish is possble. At higher velocities, however, the
turbulence created by pipe corrugations can overwhelm small, juvenile fish whereas a smooth pipe may
dill dlow fish passage.

Culverts become velocity barriersto fish passage by reducing the cross-sectiond area of flow, reducing
roughness, decreasing the flow path length and increasing the gradient by straightening the stream
channd and presenting a uniform velocity digtribution with alack of resting areas. Placing a culvert at

too steep of agradient isacommon cause of excessive velocities though even moderate velocities can
be abarrier if the culvert length is beyond the endurance of the fish. Sudden changesin velocity & the
culvert inlet, outlet or within the barrel due to debris or culvert design can dso be barriersto fish.

The ODFW guiddines regarding maximum alowable velocities in culverts are designed to dlow the
weskest fish to swim at a sustained speed through a culvert without resting. Streambed ssimulation
designs such as bridges, open arch culverts, and embedded culverts are the preferred design dternatives
and do not have design water velocities, but non-embedded culvert designs that can meet the maximum
alowable velocities are acceptable.

Road/Stream Crossing Restoration Guide, JuneS8, 1999: Page 14



5) Height between the culvert outlet and the water surface

Fish have been observed to jump considerable heights and distances to clear obstacles, especially adult
sdmon on thelr upstream spawning migration. Few studies of the ability of fish to jump have actualy
been conducted, however, and thisis especidly true for young and smal fish. From laboratory studies,
Stuart (1962) determined that ided jumping conditions for fish occur when the ratio of the jJump height
to the depth of the pool below the jump is 1:1.25.

Culverts placed at too small of adope as compared to the stream gradient can result in impassable
jumpsto the culvert outlet as well as designs that did not adequately account for the potentia of the
streambed to degrade below the culvert. The lack of aresting pool below the outlet can aso prevent
fish passage. Again, even asmadl jump with aregting pool can be a barrier if velocities within the culvert
are too great or the water too shalow.

6) Water Depth

Table 4 bdlow summarizes some research concerning conditions for successful upstream migration of
adult sdlmon and trout. The depth of water in adrainage structure is critical to fish passage for the
following reasons (Dane 1978):

Table 4: Water temperature, minimum depth, and maximum velocity criteria for successful upstream migration of
adult salmon and trout (Table from Everest et al. 1985 In Brown, ed. 1985).

Species of fish Temperaturerange’ | Minimum Depttf | Maximum Velocity?

“Farenheit ft (in) fps
Pink sdlmon 45-60 0.59 (7) 7.0°
Chum salmon 47-60 0.59 (7) 8.0
Coho salmon 45-60 0.59 (7) 8.0
Sockeye salmon 45-60 0.59 (7) 7.0°
Spring chinook saimon 38-56 0.79 (10) 8.0
Summer chinook salmon 57-68 0.79 (10) 8.0
Fal chinook sdmon 51-67 0.79 (10) 8.0
Sedheadtrot | 0 ---------- 0.59 (7) 8.0

! From Bdll (1973), converted to English units.
2 From Thompson (1972), converted to English units.
% Based on fish Size.

1) Partidly submerged fish do not get maximum thrust from body and tail movements
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2) Incompletey submerged gills promote oxygen starvation and reduced svimming ability and
endurance

3) Shdlow water increases bodily contact with the channd bottom causing physica injury and
increasing therisk of predation.

A number of conditions can lead to insufficient depth in culverts including; placing structures at
too steep of a gradient; using wide, flat-bottomed structures; or having astructurein aste whereit is
necessary to design for highly variable flow conditions (very high and very low flows). Aprons for
bridges or concrete box culverts can aso result in shalow water depths.

Summary of Guideline Criteria vs. Biological Factors

Culverts with insufficient water depth for svimming, excessve water velocity, or an excessve
jump height for bedform conditions and fish species are considered barriersto fish passage. In-stream
work resulting in excessive turbidity can dso be abarrier to fish, aswell asresult in weakening or
mortality of eggs, juveniles and adults of both resident and anadromous fish. Delays to fish passage due
to improper flow design is aso an undesirable culvert characteristic.

We are used to seeing images of sdmonids in the media performing amazing feats of jumping and
swvimming ability. It isimportant to consder, however, that like many engineering problems afactor of
safety isdesired, a“fish safety factor” (Gebhards and Fisher 1972). A given run of fish may have

severd different age classes and sizes, so it is desirable to design for the smaller, weaker fish in order to
obtain a maximum percentage of fish passage.

Introduction to fish passage hydrology and hydraulics

Hydrology
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Hydrology refersto the study of water. When people use this term in relation to fish passage they are
usudly referring to the quantity of water that can be expected at culverts during different Stuations. As
was introduced in the previous section, the degree of acceptable dday in fish migration influences the
levd of streamflow that is designed for fish passage. A one day delay resultsin designing fish passage
for higher streamflows than atwo day delay (Figure 3).
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Figure 3. Difference in streamflows between picking a one or
two day delay flow for a typical rainfall hydrograph.

In this case, apolicy choice on what risk that you want to expose the fish to in regards to delay time,
influences the design flow. In like manner, the assgnment of risk is dso used in determining how big a
sreamflow the culvert is designed to handle during pesk flow events. In the Oregon ODFW guiddines
(Appendix A) the chosen flow is the road/stream crossing can accommodate to the integrity of the
dructure the largest streamflow that would occur in a given hundred year period (i.e. the 100 year flow).
The Oregon Department of Forestry in contrast calls for culvert designs for the 50 year flow to the top
of the culvert or to three feet below the bridge bottom for bridges. In terms of culvert szing, the
difference between a 50 year and 100 year flood is aout 20% in most cases. However, designing to
the integrity of the crossing structure would alow for smaler culverts and bridge openings than designing
to the top of the culvert (more detail about thisfact is given in the culvert Szing section later in this
traning). Also understanding the integrity of the stream crossing structure requires advanced
geotechnicd andysisfor culvert fillsand is difficult to regulate or give guiddinesfor. For thisreason, for
the remainder of the document, we will design for the 50 year peak flood flow and use the top of the
culvert or three feet below the bridge bottom as design criteria
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The Oregon ODFW guiddines (Appendix A) advise that the culvert should be designed to pass fish for
at least 90% of the streamflows for a given season when fish arelikely to pass. In other words the
culvert should pose afish passage problem only 10% of thetime. In the guiddines, the following

equation is given to relate this 90% flow to atwo year pesk flow:
Qu=018* Q,+36  (For two year peak streamflows gregater than 44 cfs)

Where: Qi - The 90% exceedence flow where fish passage is a problem only 10% of the time
Q. - Thetwo year peak flow

In generd, the two year peak flow is approximately 40-50% of the 50 year peak flow.

Culvert Hydraulics Definition of Terms

Before we begin a discusson of culvert hydraulics some key definitions of terminology that isused in
describing conditions around culvertsis needed. Many of the termsthat are used in describing culverts
isshown pictoridly in Figure 4. A lig of the key termsis asfollows:

Slope or gradient of culvert
stream grade.

Culvert
Barrel

Water level

Inlet Stream grade

Weir or
baffle — ™
Outlet

Figure 4. Culvert definition
diagram

Jump or rest
Pool

Perching

- Inlet refersto the culvert’s upstream end.
- Outlet refers to the culverts downstream end.
- Perching or outlet drop occurs a the outlet end when the culvert outlet is perched over the

downstream streambed.
- Culvert Slope refersto the culverts verticd rise from theinlet to the outlet divided by its length and
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is usudly expressed as a percent or in degrees

Downstream weir(s) refers to a structure(s) placed downstream of the culvert that spansthe
stream and backs up water towards or into the culvert. They are often used for backwatering or for
helping control eroson at the culvert’s outlet.

Roughness refersto the obstaclesinsde a culvert that dows down and diverts weter flow.
Baffles are smdl protrusions that stick up from the bed of a culvert to create roughness and/or
catch sediment.

Weirs are protrusions that span the bottom of the culvert and back water upstream towards the
next weir or inlet of the culvert creating dow water areas with drops at the weirs. At high water a
welr instead of backing up water may act more like a baffle smply adding roughness to the bottom
of the culvert.

“Sinking a culvert” refersto putting the bottom of the culvert in lower than the existing streambed
(Figure 5). It is measured from the streambed that exists after ingtdlation of a culvert. Very specific
guiddines on how to measure the degree of sinking are given later. In other literature thisterm is
caled depressed invert or countersinking (when the inlet is sunk more than the outlet).

Original stream

bed
\ Fill or new sediment

Streambed
E—

Figure 5. Culvert countersinking where culvert
grade is less than stream grade

Embedding a culvert isto put in larger and smdler sediment in a continuous interlocking manner
(Figure 6).

Seeding a culvert is putting in scattered larger Szed sediment in a discontinuous manner to
increase roughness (Figure 6).
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Seeded
X A
a v

N

Figure 6. Planveiw of seeded vs. embedded
culvert

- Culvert shape refersthe cross-sectiona shape of the culvert. Culverts comein avariety of shapes
(Figure 7) that include but are not limited to round, elipse, pipe-arch, square, and rectangular.
Culverts can aso be made of corrogated meta pipe (CMP) which isthe most common materid.
They can dso be made from plastics, concrete, and even wood.

Round Culverts: High load strength but relatively
narrow for given discharge capacity leads to flow
constriction. Low priced in comparison to other
shapes.

Square Culverts: Typically used with concrete
culverts. Square culverts narrow for given discharge
like round shape. Rectangular shaped culverts wide
and can have widths that do not constrict flow.

O Elliptical (squash culverts) and pipe arch culverts
typically made with corrogated metal pipe. Higher
priced than circular culverts for given flow capacity,
but wide design allows for greater flow capacities in
m low road fills. W idth allows for culverts that do not
constrict flow for embedded designs. Lower load
strength than circular culverts.

Figure 7. Various Culvert Shapes

- Streambed simulation refers to the concept of trying to Smulate naturd stream conditionsingde
the culvert by ether embedding the culvert with materia smilar to the streambed or by usng an
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open arch with anatura bottom.
- Bankfull width refers to the stream width that occurs when afairly large ssorm comes that occurs
once every two years. More detail about how to determine bankfull width in the fidd is given later.
- Jump or rest pool refersto apool below the culvert or below a culvert weir which fish will use for
resting and to get momentum to jump over an outlet drop or drop from awelr.

Culvert Hydraulics: Keys to making a culvert fish passage compatible.

In order to make a culvert compatible for fish passage three provisons must occur:

1. Manage water velocitiesin culvert
2. Prevent dropsin and around culvert
3. Provide adequate water depth

Manage Water Velocity

Water velocity occurs when the potentid energy due to differencesin devation is converted into velocity
and other forms of energy as water moves down hill. The greater the eevation change between the
culvert inlet and the outlet the more chdlenging managing water velocity becomes. On rdaively flat
streams (streams from 0-3%) thereislittle eevation change to contend with and severa strategies can
work to manage the small amount of potential energy. However, on steep streams (grester than 10%)
the challenge becomes difficult and few things can be done to reduce velocities to acceptable levels.
There are essentidly four ways to prevent excessve velocities from becoming a barrier to fish passage
indde aculvert.

1. Eliminate Potentid Energy —Make culvert flat

2. Create roughness to cause energy dissipation so that most of energy does not go into
velocity production.

3. Use backwatering and drops and pools to dissipate the energy instead of constant high
velocity

4. Create velocity shadows or hiding places insde culvert so that fish can rest or exist in places
indde the culvert with lower velocity than the average velocity.

Placing a culvert flat is one of the desgn strategies that will be discussed in the methods section to
provide for fish passage. In essence, the designisamplein that it diminates velocity by diminating
potentia energy (i.e. change in devation between the inlet and the outlet). Since culvertstypicdly have
very low roughness it isimportant to place culvert flat as most energy will be converted to velocity in
bare culverts. Excessve veocities for juvenile fish passage can be found in culverts with aslittle as
0.5% gradient so careful ingdlation to get these culvertstruly flat is necessary.

Roughness causes the potentia energy to be expended in other ways besides velocity creating
turbulence beyond what isfound in typica flowing water. Streambed smulation designs discussed later,
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atempt to mimic the natural roughness of a stream channd insgde aculvert. Theideaof disspating
energy in ways other than velocity to dow water down runs counter to the longtime goa of making
culverts hydraulicdly efficient. A hydraulicaly efficient culvert converts most energy into velocity and
has very little roughness. Therefore, an efficient culvert could convey more water with the same opening
sze. Unfortunately for fish, an efficient culvert has extreme velocities and at the outlet the excess
velocity and energy is often converted by scouring the streambed at the outlet which creates adrop at
the outlet. Adding roughnessto a culvert and developing methods to keep roughnessin the culvert isa
major switch in thinking for many enginears. In thinking about roughness imagine your car going down a
road full of boulders and cobbles rather than down a paved road. The end result is you can not move
down the road as fast as on pavement as you must dodge around boulders trying to find the path of
least restance. In essence thisisthe same thing that water must do and as billions of molecules are
doing the same thing the water piles up deeper over the boulders and rocks than it did over the
pavement.

The most common method of esimating streamflowsin natura and artificid stream channdsiscdled
the Manning's equation. This equation uses aterm for roughness caled Mannings N. The Manning's
equation for streamflow isasfollows

Q=A*149/N * RZ3* g2

Where A = Cross-sectional areain square feet
Q = Streamflow in cubic feet per second
N = Mannings N vaues available in reference books and varies by stream roughness
conditions.
R = Hydraulic radiusin feet which is the area of water flow divided by the wetted
perimeter. Thisvaueisusudly smilar to average depth.
S = Stream dopeinrise over run (i.e. percent divided by 100)

In streams or culverts where there are large obstructions that block and divert flow, the Manning'sN is
relatively high so the flow and velocity for a given stream depth islower. What is not commonly known
about Manning’'s N or roughness in generd, isthat the effect of roughnessis flow related and that most
Manning's N vaues are determined during periods of high flow. Aswater gets shalow the Manning's
N increases meaning that roughness affects on lowering velocity increases.  Thisis one reason why
wider pipe-arch shaped culverts are advocated when attempting to design for natural streambed
smulation with culverts because wider culvert will on average have less depth. Using published
Manning's N vauesin desgn will have another consequence, people will when using them necessarily
underestimate roughness and overestimate average velocity at the lower flows that are used in the design
of fish passage in culverts. For this reason, methods that account for the relative submergence of
roughness e ements (i.e. the water depth over cobbles and boulders for agiven design streamflow)
should be used to estimate roughness and velocity. Later in the rationale section a method that does
thisis examined for use in design of embedded culverts.
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The use of downstream weir(s) to back water throughout the culvert or the use of weirsingde the
culvert attempt to manage the potentid energy by concentrating its dissipation at designed drops rather
than converting it into high velocity water. In addition, adequate pools are designed to alow fish to rest
in between these drops (as well as help dissipate energy from the drop) so that they can move upstream
through the culvert.

Fish tend to occupy areas of water that have lower velocities (Powers et d., 1998 and Behke et d.
1990). These aressthat fish use are called occupied areas and the velocities are called occupied
velocities. In culverts that have obstructions to flow there tends to be more areas of dower water
where fish can occupy and rest between times where they have to negotiate high velocity weter.
Common areas where low velocity occurs is aong the margin of the culvert, immediately downstream of
boulders, and dong the bottom of the stream.  If one examines the average velocity of most steep
gradient streams you would find that naturd streams are out of compliance for juvenile fish passage!
The reason the fish can negotiate these streams is because of these areas of relatively low water
velocity. One reason to have wide culvertsis to have more opportunities for these low ve ocity aress.
Culvertsin which the water is condricted into a narrow flume provides little opportunity for these low
velocity rest aress.

Prevent drops in and around culvert

Drops in water surface or between the culvert and stream bred can occur at theinlet, insde, and at the
outlet of the culvert. The most common drop seenin old culvertsis the outlet drop in which erosion
downstream from the outlet has caused the culvert to become perched. Unless the drops are minimal
and there is an adequate pool downstream and upstream for resting these drops can inhibit or outright
block fish passage.

The culvert inlet can have adrop between the streambed and the culvert bottom if the culvert is sunken
relative to the streambed and no materia has collected insde the culvert. In this case the fish have just
moved through a culvert which typicaly have less resting areas and now must use burst speed to move
through thisdrop. For juvenile fish this may not be possble. For this reason as well as others, sunken
culverts should be embedded so as to prevent this drop. Another inlet drop that can occur is when the
culvert congricts flow at theinlet. This occurs when awide stream enters a narrow culvert (especialy
one that has a projecting inlet). What occurs here isthe water concentrates and the water velocity
increases a the inlet causing the water devation to drop. When there is aflow condriction materia
tends to scour out and embedded culverts become bare near the inlet cresting an additional bed drop
described above. 1t should be noted that the roughness inside a bare culvert isless so thereisless
energy disspation so more of it will be converted into velocity further dropping the water surface. The
use of wide pipe-arch culverts adequately sized to the stream width is advocated later in this document
in part to prevent this kind of inlet drop from occurring.

Drops can occur insde the culvert because of wood and sediment clumping and creating drops or by

the culvert settling into the sub-grade creating an uneven dope. To prevent materid from clumping
together field checks of culvertsare critical. To prevent settling steps need to be taken to make sure the
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sub-grade is stable (see inddlation considerations in next section).

Outlet drops are due to excess energy built up in the culvert being applied to the streambed downstream
causing scour of the streambed. Narrow culverts that concentrate flow and have little roughnessingde
them create excess velocity ingde the culvert thet is disspated downstream. Designing aculvert that is
adequately wide and has adequate roughness should prevent downstream scour. However, additional
steps like backwatering from a downstream weir or rip-rapping the downstream end may be desirable
to prevent scour downstream.

Provide adequate depth

The requirements for stream water depth were discussed in a previous section. Insde culverts adequate
water depth is obtained via backwatering from downstream weir or riffle or in the culvert by weirs or by
having adequate roughness (Smulated natura streambed) that dows the water and crestes variable
water depths for fish. The estimated average water depth at various design flows can be estimated
using the Manning's equation given above. For embedded culverts, methods that better estimate
roughness should be used. In the case of backwatering, specia hydraulic equations caled backwater
equations can be used.
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Road/Stream Crossing Restoration
Methods

Steps in Restoring Fish Passage in a Basin or Land
Ownership

There are seven steps in restoring fish passage at road/stream crossingsin abasin or land ownership:

1. Find and prioritize problem road/stream crossings

2. Get information about stream and other conditions at crossings to be restored
3. Decide if ingtallation can be repaired or improved or must be replaced

4. Decide on design strategy based on information collected

5. Prepare adesign

6. Ingtal new road/stream crossing structure

7. Monitor and Maintain road/stream crossing structure.

In this section congderable detall will be given on accomplishing each of these seps.

1. Finding and prioritizing problem road/stream crossings

Current Stream Crossing Protocolsin relation to information required to
prioritize or design road/stream crossing structures

There are severd methods being used to survey culvert condition in Oregon. Two prominent methods
are the ODFW culvert survey form (Figure 8) and the ODF road hazard survey protocol (ODF, 1998).
The ODFW survey form was used to evauate hundreds of culverts on state and county roads. The

ODF survey protocol has been used on thousands of culverts. The information from both these
methods (as well as others), by making some elementary assumptions (or by taking afew extra
measurements), can be used to estimate if a culvert is partidly or totaly blocking fish passage or posesa
moderate to high risk of catastrophic crossing failure using criteria given below.

The key measurements from the surveys that can go into making criteriaare:
1. Culvert Sope,
2. Outlet Drop,
3. Outlet pool dimensons,
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Culvert Evaluation Form

Stream

Tributary to

USGS Quad Map Name:

Date

Basin

(Attach Copy of Map)

Lat: min; Long: min
UTM Zone: 10/11; Easting: M; Northing: M
Twnshp: N/S Rng: E/W Sec.: % of 4
Road Name/Number: Road Mile
Evaluator: Phone: ( )
= A
o o |
B
E
F = e e e
R,
Culvert Shape: =
O Round
[0 square/Rectangle b
/\ Open-bottem Arch
O ripe arch
FACTOR MEASUREMENT RECORD IN....
A: Length of culvert feet (nearest ft)
B: Culvert Height and Width inches
C: Drop to pool inches
D: Pool depth below culvert feet (nearest ft)
E: Culvert slope (drop from drop in inches or %
horizontal)l slope
F: Stream gradient above culvert % slope
G: Stream gradient below culvert % slope

IIf culvert slope is not consistent end to end, describe situation under
COMMENTS on other side.

Figure 8. ODFW Culvert Survey Form

Culvert Material (circle):

Galvanized Steel Tarred Galvanized Steel
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Concrete Wood Aluminum Other

(Describe under COMMENTS below)
Describe any internal baffles, weirs or bedload materials:

Who owns/maintains the culvert?

Is the culvert in good physical condition?

Fish species present above culvert:

Fish species present below culvert:

Describe upstream adult or juvenile passage problems, if any:

Miles of stream blocked: Quality of Habitat Blocked:

In your opinion, what improvements are needed?

Other comments or observed problems:

Film Roll # ; Photo #'s

Figure 8. ODFW culvert survey form (Continued).
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4. Culvert size (diameter and length),

Active channd width estimate (see section on information needed for description),

6. Notes on whether culvert has boulders and cobblesin it in a continous embedded fashion
(see definition for embedded),

Information regarding baffles or weirs including their height and spacing; and

8. Notes on culvert such as damage affecting capacity

o

~

Deciding if road/stream crossing partially or completely blocks fish passage

Criteriaused in deciding if aculvert had afish passage “problem” in ODFW- Oregon Department of
Trangportation state and county road/stream crossing surveys included a dope greater than 1% and an
outlet jump greater than one foot if only adult passage was consdered and six inchesif juvenile passage
was aso consdered. If ajump occurred the pool needed to be 1.5 — 2.0 deeper than the height of the
jump. Another concern that put culverts into the problem category were inlet deposits and drops at the
inlet which was termed “diving flow.”

Using this system the state county road survey found the following number of problem culvertsin
Oregon:

Coastal Basins— 1140 crossings

Lower Willamette — 167 crossings

Grande Ronde — Imnaha— 83 crossings

Upper Willamette — 771 crossings

John Day basin — 260 crossngs

Another system that defines two levels of concern including partid versus complete fish passage
blockage aswell aslooks at flow capacity is presented below.

Defining the term A partial fish passage blockage @

For the purposes of these guidelines partid fish passage blockage’ is defined as. stream crossings
because of their design, maintenance, or condition are not alowing for juvenile sdmonid fish passage.
Juvenile saimon, for the most part, require two feet per second or less velocity, outlet perching less than
6 inches, and little to no inlet condtriction or drop. In addition the culvert should be free from debris that
may concentrate flow and increase velocities. How depths should be 12 inches or more in the culvert
or the culvert should have a smulated naturd streambed similar to channel conditions in the natura
channdl.

In terms of measured crossing dimengons, partid fish passage blockage would occur if the following
conditions are not met.

For bare (non embedded) culverts:
1. Unless backwatered properly the sope should not exceed 0.5%. ABackwatering properly iswhen
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the top downstream control below the culvert is at an elevation at or greater than the inlet bottom at
the upstream end of the culvert or advanced open channel backwatering calculations show that
backwatering is adequate. Preferably for abare culvert the evation of the backwatering structure
is greater than the inlet bottom depth by six inches or more.

2. Theoutlet drop should be no more than 2 foot from the culvert outlet lip to the resdud pool water
elevation. The resdud pool is defined as the pool that would be |eft over if there was no flowing
water amply by the damning effect of the downstream control point. If thereis any outlet drop, the
resdua pool for the downstream jump pool should be 1.5 times deeper that the jump. In fact for
culvertsthat do not use streambed smulation designs, in order to get required water depth,
adequate backwatering from the outlet end is needed (Figure 9).

3. To control congricting of flow at the inlet, the culvert diameter or span should be at least 2 the width
of the natura bankfull channdl. The culvert should be free of large debris blockages or cave in aress
that condrict flow and make for high velocity areas. There should be little or no inlet drop such that
the flow drop as water enters the inlet should be less than afew inches. The culvert inlet lip should
be about level with the channd bed immediately upstream.

Downstream

Control
Water Surface

T

O utlet
Pool

/
Streambed

Figure 9. Culvert backwatering from outlet.

4. The culvert should be less than 100 feet long.
5. Thereis outlet backwatering such that the water depth even at baseflowsis 12 inches deep.

For embedded culverts:
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1. The culvert should have avariety of maerid in it forming a smulated naturd channd insde the
culvert. The materiad should in most places be afoot or more deep. It is not enough just to have placed
materid in the culvert but there should be evidence of deposition and reworking of smaler materid. If
materid islacking use the assumptions for the non-embedded culvert above.

2. There should be no outlet drop.

3. Theinlet should have sediment in it at the inlet not a sudden drop. The culvert width should dso a
least 90% of the average bankfull channd width to prevent channd condriction, channd scour, and
drops from occurring & the inlet.

For baffled culverts:

1. Generdly spesking, the baffles'weirs should be 0.1-0.15 of the total height of the culvert. The
gpacing varies with streamflow and culvert gradient but should be set up that one baffle/weir at least at
low flow backwaters dow water to the base of the next weir at aminimum depth of eight incheswhen
the pool isresdud. If evaluating baffled culverts, it isimportant to take culvert gradient, weir height,
and welr spacing to use in caculations to determine adequacy. More information on caculating welr
gpacing isin the references given in section 5. In addition, the baffles should be free from debris and
sediment in order to function properly.

2. There should belittle or no outlet drop (no more than six inches). If the weir is put on the edge of the
outlet that drop should be calculated from the resdua pool water leve to the top of thewalr. If thereis
asmdl drop the residua pool for the jump pool should be at least 1.5 times as deep as the drop
distance.

3. There should be little or no inlet drop and the top weir should backwater into the upstream natura
channd.

For Bridges and Open Arch Culverts:

1. Generdly speaking a bridge or open arch pose no fish passage problems. An exception iswhen an
bridge/arch is undersized and flowing on bedrock. In these ingtances the bridge or arch may congtrict
flow and blow out boulders and cobbles leaving a bedrock chute. For calculation purposes, if the
bridge/arch can pass afifty year flood flow or more this should not be a problem. See step five on Szing
culverts and bridges for information on how to do this caculation.

2. Open arches should be free of large debris that may condgtrict flow and cause high velocity areas
indde the arch.

Defining complete fish passage blockage

AComplete fish passage blockage, @for this guidance, refers to ingances in which the design,
maintenance, or condition of the stream crossing is such that even mogt (if not dl) adult sdmonids
cannot move upstream through the crossing structure. Blockage would result in conditions that exceed
most adult anadromous sdmonid fish swimming capabilities. Culvert water velocities for fish passage
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design flow in excess of 10 feet per second, outlet drops over 4 feet or over 1 foot without adequate
jump pools, and extreme inlet drops or materid in the culvert that cause severe barriers would cause a
blockage. How depths should be 8 inches or more in the culvert at higher flows or the culvert should
have asmulated naturd streambed similar to channel conditions in the naturd channd. In terms of
measured crossing dimensions, crossing that have passage blockages would aso have measurements
outsde of the following conditions. These should never be used as guidelines for adult fish
passage. The only use for the following characteristics is to differentiate culverts that have
partial blockages from those that have complete blockages for assessment work.

For bare (non embedded) culverts:

1. Culvert dope should not exceed 4% unless there is backwatering or unless the culvert islessthan 50
feet long. For short culverts (less than 50 feet) gradients greater than 4% (up to 6%) can betolerated if
not combined with an outlet jump. For backwatering, if downstream control isat an eevation thet is
equivaent to a point in the pipe with less than 50 feet to go in theinlet the gradient can be up to 6%.

2. The outlet drop should be no more than 4 feet from the culvert outlet lip to the resdud pool water
elevation. The residud pool is defined asthe pool that would be |eft over if there was no flowing water
smply by the damning effect of the downstream control point. If thereis outlet drop over 6 inches, the
resdua pool for the downstream jump pool should be at least 1.5 times the height of the drop or 2 feet
deep (Whichever isless).

4. The culvert should be less than 200 feet long.

For embedded culverts:

1. The culvert should have avariety of maerid in it forming a Smulated naturd channe ingde the
culvert. The materia should in most places be afoot or more deep. It is not enough just to have placed
materid in the culvert but there should be evidence of deposition and reworking of smaler materid. If
materid is lacking use the assumptions for the non-embedded culvert above.

2. There should be minima outlet drop

3. Theinlet should have tapering streambed materid into it not a sudden drop & the inlet. The culvert
width should aso be at least 1/2 the bankfull channd width to prevent channd congtriction and drops
from occurring a the inlet.

For baffled culverts:

1. Generdly speaking, the bafflesiweirs should be 0.1-0.15 of the totd height of the culvert. The
gpacing varies with streamflow and culvert gradient but should be set up that one bafflefwelr at least at
low flow backwaters dow weter to the base of the next weir. If evaluaing baffled culvertsit is
important to take culvert gradient, weir height, and weir spacing to use in caculations to determine
adequacy. More information on calculating weir spacing isin Appendix C. In addition, the baffles
should be free from debris and sediment in order to function properly. Even if the weirs are not spaced
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a optimum thisis probably not a fish passage blockage. However, if the culvert baffle(s) are ripped out
or improperly functioning, this may pose a blockage problem.

2. The outlet drop should be no more than 4 feet. If the weir is put on the edge of the outlet the drop
should be measured from the resdud pool water leve to the top of the weir. If thereisadrop the
resdua pool for the jJump pool should be at least 1.5 times as deep as the drop distance or two feet
deep (whichever isless).

3. There should belittle or no inlet drop and the top weir should backwater into the upstream naturd
channd.

For Bridges and Open Arch Culverts:

1. Generdly spesking abridge or open arch pose no fish passage problems. An exception iswhen a
bridge/arch is underszed and flowing on bedrock. In these instances the bridge or arch may congtrict
flow and blow out boulders and cobbles leaving abedrock chute. For calculation purposesif the
bridge/arch can pass afifty year flood flow or more this should not be a problem.

2. Open arches should be free of large debris that may condtrict flow and cause high velocity areas
ingdethe arch. However to be atotad blockage the problem must be severe causing velocities over 15
20 feet per second etcetera.

Determining risk of catastrophic fill failure

Many times stream crossing fills catastrophically fal due to water backing up upstream of thefill dueto
an undersized or blocked or partidly blocked culvert weekensthefill or breachesthefill. At other
times, excess water may flow around thefill or over thefill not breaching the fill. According to ODFW
guidance an acceptable leve of risk of fallure isthat thefill should remain structuraly stable up to 2100
year peak flow by design. ODF in contrast, specifies that culverts and bridges should pass the 50 year
pesk flow to the top of the culvert (not to structurd integrity of the fill) or to 3 feet below the bridge
bottom. The ODF design specifications in essence are in most cases at least alowing for structurd
integrity to a 100 year pesk flow event. The reason isthat increasing headwater depth above the top,
increase flow capacity to alarge degree. For ingtance a7 foot diameter culvert can pass 262 cfs. If the
fill is 20 foot high and the point of structurd integrity is up to 14 feet and water is dlowed to backup to
14 feet the culvert capacity increases to 525 cfs. If 262 cfs was the 50 year peakflow, 525 cfsiswel
beyond a 100 year peakflow perhaps as high as a 200-300 year peak flow. Please refer to the culvert
and bridge szing section of sep five for more information.

Because both ODFW and ODF (as well asthe Forest Service and other Federal Agencies) specify

desgning crossings to withstand a 100 year peakflow, crossings that do not meet ODF or ODFW
current sandards are considered to have moderate risk of failure. A culvert can be considered at high
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risk of falureif the desgn culvert flow capacity isless than 25% of the 50 year peak flow determined by
the ODF method or the determined capacity to maintain structurd integrity is less than 25% of the
caculated 100 year pesk flow. The 25% figure corresponds to a flow capacity that is probably not
even capable of passing a 1-2 year peakflow event. In other words a high risk culvert is dueto
overtop and build pressure if not fail during the next sequence of norma seasond flooding.

Many times, culverts become blocked with debris, damaged, or partidly collgpse. Inthefied, itis
important to note the degree of cross-sectiond loss of areathat is due to these factors. In caculating
culvert capacity the amount of flow aculvert can handleislargely dependent on cross-sectiona area.
To calculate a culvert with reduced cross-sectiond area, a culvert with asmaller cross-sectiond area
can be used in determining the lowered flow capacity. See information in the culvert and bridge pesk
flow Szing section in sep 5.

Crossing Priority Types:

In the previous sections, definitions were given for fish passage blockage and impediment and moderate
to high catastrophic fill faillurerisk. With these definitionsin mind a scheme of prioritization can be
developed with fish presence, fish passage, and risk of fill failurein mind. Asafirg cut road/stream
crossings can be grouped into the following five types with type 1 having (in general) grester priority and
each succeeding type having less priority in sequence order. The current criteriaiis geared towards
coho salmon habitat but could be modified for other regions by changing the target fish species.

Type 1: Culvertsthat Ablock@fish passage (see previous section) to potential coho salmon habitat or
have high crossing failure risk to downstream coho salmon habitat within two stream miles downstream.
(Note generd fish presence/absence can be obtained from ODF or ODFW field offices specific
gpecies range can be obtained from ODFW field offices. A system to determine both generd fish
presence and coho/stedhead presence where specific information is vague is given in section 9.)

Type 2: Culverts that Aimpede@Xish passage to potential coho habitat or have moderate risk of fill
failure that could effect downstream coho salmon habitat within stream miles downstream of crossing.

Type 3: Culvertsthat block or impede fish passage to potentiad steelhead or sea run cutthroat trout
habitat or have high to moderate risk of fill failure that could effect steelhead or searun cutthroat habitat
within two stream miles downstream of crossing.

Type 4: Culvertsthat block or impede fish passage of any gamefish (generdly resident rainbow or
cutthroat trout define upstream extent of fish) or crossings thet have ahigh risk of fill failure thet can
effect resdent fish habitat within two stream miles downstream of the crossing.

Type 5: Culverts on non-fish bearing streams that have amoderate to high risk of failure.
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Justification of priority types and their proper use:

The rationde for the priority typesisto give afirst cut prioritization based on fish present and problems
or risks associated with road/stream crossings. There are other schemes such as the Washington State
method that takes a quadratic root of several factors (some of which are unmeasurable) (Bates, 1991).
There are other inventories that rely totally on professona judgement with no criteriaaswell. The
typing with defined fish passage impediment/blockage and fallure risk gives some solid measurable
criteriawithout congraining the field professona with a system that has severa unmeasurable
parameters.

In generd, a priority type onewill be lower in the stream system (i.e. the larger downstream portions of
watersheds) because coho saimon tend to not use higher gradient habitats that cutthroat and steelhead
use. Therefore by using coho as a parameter for the highest priority type should aso target the most
downgream culverts aswdl. There will be times when a priority type two isin actudity a higher priority
than a priority type one. An example of this could be asmdl coho samon stream that has a blocking
culvert that blocks off about 1/4 of a stream mile of habitat would be lower priority than atype two
culvert that impedes fish passage for potentia or actua coho habitat for three tributaries and amain
stem section that totas 10 stream miles. In deciding which culverts are highest priority a possble

system might be the following:

1. Get required information on dl culverts using a survey protocol (see section 7)

2. With the survey information caculate whether the culvert has characteristics that would cause it to be
classed as a blockage or impediment to fish passage or amoderate or high failure risk. Also determine
what the fish use (or potentid fish use) is upstream and downstream (up to two stream miles) from the
crossing.

3. With the fish passage, falure risk, and fish use classfications assgn each culvert a priority type as
defined above.

4., Sort the database based on classification into the five types.

5. Based on information such as the actud potentia habitat blocked (in terms of stream miles and
quality) to further prioritize crossngs within each type. Examine the highest priority onesin each typeto
seeif it can be ranked above some of thosein a higher priority type. This step should be donein
consultation with the loca fish biologist and possibly forest practices forester and other local expertise.
6. After doing dl thisrank dl the culverts examined.

After setting this scheme up, it must be stressed that prioritizing and then targeting crossings for repair
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and replacement is extremely complex with dozens of technica and socia factorsto consder. It may
be that there is alower priority culvert that has alandowner that iswilling to fix it & hisor her cos.
Obvioudy even though thisis alower priority, it ill represents an excdlent opportunity. However, if a
locd entity like awatershed council is given alump sum of money, this scheme can be useful in
determining which culverts to fix in what order and can be used as a base to add the other less
quantifiable factors concerning crossing priorities to be built upon it.

2. Get information about stream and other conditions at
crossings that need improvement

The god of this Step isto get the necessary information in order to make an informed decison during
seps three and four when deciding between which design dternative to follow. Much of the information
required may have aready been obtained during culvert surveysto find and prioritize culverts or other
road/stream crossings that are not passing fish or pose other risks to resources. The information
required centers on the types of fish present and on the physica characteristics of the streamin and
around the crossing as well as the watershed areain order to determine design flows.

Fish Presence Information

Information regarding the presence and distribution of various fish species can be obtained from ODFW
or ODF offices. However, on many streams it is unknown whether fish are present or which speciesis
present. One method of coarsely determining fish presence can be found in interim guidance based on
stream size and Sope and the presence and absence of waterfals and other migration blockages Table
5. If atempting to ascertain the presence or absence of a fish gpecies specific guidance has been
developed on how to survey streams for fish presence/absence ODFW and ODF (1995).

Crossing Physical Characteristics
For al stream crossings

1. Location of stream crossing (should include legd or lat long coordinates as well as decriptive
informetion if helpful)

2. Size of watershed above stream crossing and corresponding 50 or 100 year peak flow
calculation (see section on peskflow caculations on the specifics of calculation).
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Table 5. Fidd and map based estimates of fish presence from ODF rule guidance.

Type of Barrier Physical Survey Map Analysis
Salmon & Resident
Steelhead Trout
Any waterfall marked on a
Falls & Chutes map.
8'+ 4'+
2'+ require a jump pool 1.25
times the fall or chute height.
,| With 30" or more 20" or more
Channel Pools @ 20%+ @ 20% + 20% +
Steepness
W/O 30" or more 20' or more
Pools @ 12%+ @ 12%+
60 Acres or Less (Coast
80 Acres or Less (South Coast)
Lack of Livable Space | No pools approximately 12" or | 100 Acres ar Less (Interior)
more in depth during spring 300 Acres or Less (Siskiyou)
spawning. 350 Acres or Less (Blue
Mountain and East Cascade)

For fish bearing streams (al fish bearing stream crossings)

1. Profile of existing streambed: When designing culverts smply to pass pesk flows, the culvert was
assumed full and stream gradient was irrdevant. When considering fish passage, however, stream and
culvert gradient becomes an extremely important factor as open channd flow hydraulic characteristics
become important. The existing stream profileisthe eevationa surface of the stream in and around the
road crossing. It can be measured with a clinometer (only to the nearest 0.5 to one percent precision).
An abney or hand level with staff can improve this precison somewhat.  With atripod level or stadia
precision is greatly improved (to 1/10 of apercent). This greater precison can aso be achieved with a
water leveler or buildersleve.

Often the exidting stream profileis artificid due to an existing culvert ingtalation. Both scour at the outlet
and deposition upstream of existing undersized culvertsis common. Because of these types of problems
itis preferable to profile at least 100 feet upstream and downstream from the existing road/stream
crossing. Taking along profile can be epecidly important in determining design criteriafor
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sunken/embedded culverts or in doing “flat placed culverts.”

2. Stream bed materid (needed for streambed smulation designs): The type of bed materid thet isin the
pre-existing stream bed or in the streambed upstream is critical to know for designs that depend on
culvert sinking srategies. The "hydraulic roughness' of the culvert bottom is related to the size of bed
material. Hydraulic roughnessin turn isrelated to water velocity and weter depth inside the culvert.

The szing of materia to embed the culvert with should be similar to the size of materid in the adjacent
natural stream channd. The various Size classes are as follows:

Bedrock............... >13 feet diameter Bigger than acar or continuous underlayer

Boulders............. >10inchesto 13 feet Basketbdl to car sze

Large cobble......>6 in. to 10 inches Cantal oupe to basketball

Smdl cobble...... >2.5 inches to 6 inches Tennis bl to cantaoupe

Coarse gravdl......>0.6 inches to 2.5 inches Marble to tennis ball

Finegravd.......... >1in.t00.6in. Ladybug to marble

Sand.....oooveenee <0.1lin. Smadler than ladybug, but visble as particle;
aso gritty as you rub through hands.

Fines....ccocoueueee. Not visible as particles Silt day muck (not gritty)

While aforma sediment survey is not required, it's important to note the predominant sediment typein
the stream and the predominant type in the middle of the stream where water velocities are greeter.
Since the immediate upstream and downsiream areas around an existing culvert may be influenced by
scour and deposition around the culvert it isimportant to take estimates away from these influence
zones. The actua determination can be an estimate or can be derived from a cross-section where you
pick up and measure systematicaly or randomly chosen bed particles.

3. Amount of fill materia associated with streant It is dso important to estimate the depth of valey fill
materid. Vadley fill refersto layers of unconsolidated gravel, sand, cobble, and other sediment thet lie
over thetop of the bedrock. If littlefill is present, then culvert sinking/embedding strategies become
impractica because of the difficulty of snking into bedrock. On the other hand, placing an open archiin
aplace where there is deep valey fill would require excessive excavation and make an open arch design
impractica. 1f nervous about bedrock when planning on sinking culvert into an existing streambed, it
may be wise to take soundings with a meta stake or rebar to check for depth to bedrock. A far too
common problem with sunken culvertsisthat at instalation unexpected bedrock is discovered.

4. Active stream width: If thereis any chance that a streambed smulation design will be used by
sinking or embedding the culvert or if using an open bed design knowing the average active width is
critical as the culvert should be wider than the active width of the stream to prevent inlet drop and
possible bed scour.

Active width is the stream width that occurs when larger streamflow events occur.  The recurrence of
these larger streamflow events associated with active flow is about once every one or two years. The
locating of active width, while generaly based on scientific principles, requires judgement when
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determining it inthefidd. Indluvid sreams (i.e, in low gradient sreamsin wider valeys) tha have not
been incised (i.e., downcut) the active mark is usudly where the bank dope moderates from being steep
to being more gentle or even flat (Figure 10). Unfortunately, most smdl streams that are candidates for
placement work are either incised or confined by sde dopes. With these types of streams clues must
be sought on where the active flow mark on the bank occurs. Abrupt changesin vegetation are good
clues. Another isthe level to which drifted materid is deposited on the bank. Changesin rock
coloration or intengity of moss or liken growth are aso possible indicators. Abrupt changes in texture of
the bank material may aso be clues. The active width is measured from one side bank mark to the
other. Featureslike large idands that would be dry even under active conditions need to be subtracted
out. Active width should be determined for at least 10 cross-sections in the reach that fish passage
restoration work is being done. Furthermore, width measurements should be spaced apart one or two
channdl widths. Data from previous Oregon Department Fish and Wildlife streams surveys may aso be
used to determine active width (note: active channd width and bankfull channd width are smilar).

Normal High water
flow marks

Permanent vegetation
starts at or near mark

|

'Active Channel flow water surface

Lowflow water
surface

Streambed
Figure 10. Highwater flow marks and
active channel width schematic.

5. Ouitlet conditions: it isimportant to know if thereis a current culvert perching problem,

this information should be obtainable from the streambed profile. In addition, any information about the
sreambed materid immediately downstream of the culvert isimportant such asis there a pool scoured
to bed rock or did a naturd riffle form downstream below the scour pool.

6. Inlet conditions. For some indtdlations arapid trangtion from the stream into the culvert can create

adverse hydraulic conditions for fish passage. A culvert inlet can project from fill (most common), can
square edge into heedwadll of the fill, or have wing walsto ease the rate of trangtion. By far the most
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common is a projecting inlet, and this can be assumed if not specified. Knowing the type of inlet can
help confirm if there was a Stuation in which sediment would build upstream from the culvert.

3. Deciding between repair vs. replacement vs. abandonment
of stream/road crossings

In some cases steps can be taken short of replacement or abandonment of aroad crossing to causeit to
provide for fish passage or reduce catastrophic failure risk. However, in most cases, in order to meet
desired objectives, replacement or abandonment is necessary. Design concerns for replacing crossngs
isgiven in the next ep. Abandonment is often a more desirable option than people redize especidly
on forestland. Often timesaroad is servicing an areathat is not due for harvest for decades or can be
assessed by another road with little difference in logging haul times, fire, or slviculturd access. Before
repairs or replacement is considered, a hard look at the road network should be conducted to see how
necessary the road redlly is.

Fish Passage Mitigation

There are primarily four ways to improve fish passage a an exising crossings without replacing them.
The methods include, adding baffles to crossing, adding sediment or sediment catching devicesindde a
culvert, backwatering through the crossing from the outlet by installing downsiream weir(s), or removing
debris or modifying the inlet or inlet gpproach to remove an inlet condriction. Adding bafflesto an
existing crossng will decrease the peek flow capacity so this option should only be used for culverts that
have adequate capacity. In generd, thiswill probably be rare. Another consderation is baffles should
only be added when other factors such as outlet drop or inlet congtriction are dedlt with as well.
Materidsto use for baffles on exigting culverts can be concrete or metd, however, retrofitting metal
baffles usng bolts may cause the baffle to rip the culvert barrd if the culvert is made of corrugated metdl
pipe. Probably the most common occurrence when baffles may be added is for large properly sized
concrete culverts that have little dope and no inlet or outlet problems or perhaps an outlet drop that can
be mitigated.

Another Stuation that may lead to mitigation is when thereisaforest road in awide valey that is placed
at low gradient and the siream itsdlf is low gradient. Often times a downstream weir can be constructed
to back water through the culvert and the inadequate size can be dedt with by cresting an overflow dip
across the road in which the bottom of the dip is about the same elevation as the top of the culvert.

Clary and Reichmuth (1990) introduced a detachable fishway design for a sediment catching in culverts
(Figure 11). This particular type of sediment catcher employs angle iron and attaches to the inlet end of
the culvert by ahook or T bar s0 it requires no bolting insde the culvert. Like baffles, sediment
catching devices should only be used for culverts that have adequate capacity and do not have other fish
passage problems or the other problems can be easily mitigated. Sediment catchers dong with placed
and naturally deposited streambed materia can adlow for the creation of a smulated natura channd in
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the culvert. This option should only be used for culverts that have awidth of span smilar to thet of the
neturd active channd.

% Ux Y stee\ anae
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(ﬂ"} tg—-\unf‘)

Figure 11. Schematic of sediment catching device (adapted from Clary and Riechmuth, 1990)

The Strategy of backwatering water through the culvert by using a series of weirs downstream of the
culvert can be an effective way of mitigating fish passage a culverts. However, in a published field
survey amog al ingdlations that used this strategy had problems with fish passage (Browning, 1990).
If this strategy is used, the weirs downstream of the culvert should have a drop between the weir top
and the downstream residua pool of no more than 6 inches. Thefirst weir downstream of the culvert
should be a channd width or 20 feet downstream be away from the immediate force that is often at
culvert outlets. Subsequent weirs should be placed downstream &t an interval of approximately one
channd width with each weir designed to take up no more than six inches of drop from the residua pool
to the top of the welr.

A find gpproach to make crossings more passable is to remove obstaclesin and around the crossing or
re-work the channd on the upstream end to taper towards the inlet rather than have a projecting inlet
that is apt to have an inlet drop. Like the other methods, other sources of fish passage problems need
to be ruled out or mitigated before employing these options. Obstacles can concentrate flow and create
a passage impediment in a culvert that otherwise does provide for fish passage. There are timeswhen
culvertsare low gradient or even backwatered, but a flow congtriction at the inlet end creates aflow
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congtriction which creates avelocity barrier. By tapering the stream banksinto the culvert thereisa
smoother trangtion without flow condriction.

Repairs to lower the risk of catastrophic failure

There are essentidly four major activities that can be done at a crossing (without replacing or
abandoning it) to lower therisk of catastrophic failure including tapering the inlet, removing debris or
sediment or mitigating future debris accumulation by using atrash rack, and by ingdling an overflow
channd or secondary culvert in thefill. Creating atapered gpproach to the inlet causes a condition
caled amitered or headwall inlet as opposed to a projecting inlet. By tapering theinlet an increasein
flow of about 20% can be gained. Another benefit is atapered inlet tends to pass through debris better
than aprojecting inlet.

Removad of debris and sediment from especidly around theinlet isredly a part of norma culvert
maintenance. In addition a Atrash rack@can be constructed to catch debris before it clogsthe inlet.
While thisis desirable, often times the trash rack itself may become clogged and begin to reduce flow
capacity in and around thefill. There are many designs for these structures and avist to a culvert
supplier will usudly give anyone afew options to choose from.

A fina way to reduce catastrophic failure risk isto design secondary overflow culvert or road dip. In
aress prone to debris torrents the creation of a planned dip with armoring can be extremely useful in
consarving the road fill. On low gradient streams in broad valeys the use of aroad dip with a culvert
not sized to meet any more than a one to two year flood event can be used as away to reduce fill
heightsin meadow areas and retain amore natura floodplain system. Road dips should be armored
with coarse pit run materia underlain by even coarser materid. Where practica, the dip should be at
about the same height &t the top of the culvert to relieve pressure on thefill if the culvert becomes
clogged or if water flow goes beyond culvert capacity. If aculvert is placed in such away that it is
providing for fish passage or isin an areawhere there are no fish, the creation of awell designed road
dip in landdide prone areas may be a more effective way to reduce catastrophic fill faillure risk than
replacing the crossing with alarger capacity structure because debris flow deposits would tend to block
even larger capacity structures, but with a dip the stream flow would move over to the dip and be
disspated without losing thefill.

Crossing Abandonment

As mentioned earlier dbandonment (even if temporary) is often a preferable option. In many cases
tracts of lands are only to need the crossing for short periods of time over long roatation periods. Inthis
case temporary crossings can be used such as temporary rock fills that can be ingtaled and removed
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during low water. In other cases other roads can access the land just aswell. When abandoning a
section of road it isimportant to put the road to bed. This conssts of removing cross-drain culverts,
water barring, and possibly seeding and planting. 1n some steep dope situations in could dso involve
pulling the dope back to reduce the chance of landdiding. When abandoning a section of road it is
important to do these activities as the road can become a significant sediment problem because it isno
longer maintained.

4. Deciding between various design strategies

Linking design strategies to hydraulics and fish needs

Thefollowing criteriais based on field experience, monitoring, hydraulic caculations, and review of the
literature. If caled on to prepare a design the crux of the matter isto compare the culvert estimated
hydraulic conditions with the swvimming capabilities of a design fish for a determined design flow (Figure
12). If the published fish swimming capabilities exceed the culvert conditions then the culvert is deemed

fish passable.

_ _ _ Hydrology
Fish Migration Design Flow(s)
timing based on times of
. — ¥
Species Present migration and
and fish hydro-
distribution graph
characteristics

.

Fish swimming v
and

jumping Culvert
capabilities Hydraulics

\ Compare hydraulic

capabilities of fish to
culvert hydraulics at
design flow.

If culvert can stay
within fish
requirements then
acceptable design.

Figure 12. Steps in design process

In calculating the hydraulics for juvenile fish passage for ODF rules (ODF rules require juvenile fish
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passage where juvenile fish are present) it became gpparent that only certain design dtrategies had a
probability for success. For ingtance, in using the Fish Pass Program (Belhke, et a. 1990) it became
goparent that only culverts that were essentidly flat (less than 0.5% culvert gradient) could pass juvenile
fish for given design flows. Powers et d. (1998) confirmed thisissue in astudy of juvenile fish passage
that showed significant upstream migration inhibition beginning at 0.5% culvert gradient. Because of
these findings, a design criteriathat culverts must be placed at 0.5% dope or less was developed for
culverts that were not designed to have natura bed materia or backwatering in them. Advanced
hydraulic caculations were not required as the outcome was aready known.

In other cases, some design’s hydraulic conditions are extremely hard to estimate. For instance,
embedded streambed ssimulation culverts hydraulic conditions are largely based on the degree of
roughness. As dated earlier, the roughness influence on velocity changes for given flows and most
published vaues of roughness are for conditions during floods and not for fish design flows. Therefore,
amethod for determining roughness had to be determined that takes this flow dependence into account
(seerationae section for more information). 1t should aso be noted that these equations only give
average velocity! White (1996) as well as othersincluding ODF unpublished data illustrate that
veocities vary both in cross-section and longitudinaly in an embedded culvert cresting velocity
shadows or hiding places where fish can occupy that are much lower than the average velocity.

Even with some determination of roughness and its effect on velocity, the question of whether the culvert
will set up or retain sediment is extremely complex and shear and entrainment equations that are used to
make estimates of bed sability are hardly adequate. In thisinstance, monitoring of existing culverts that
were designed to have sediment in them such as occurred with White (1996) and ODF (unpublished
data) outlined some of the conditions in which bed material was retained. For the reasons outlined
above, hydraulic caculations for specific designs are of little utility for embedded culverts. For this
reason, guidelines are given based on mostly on past monitoring results and no design caculaions are
required for fish design flows.

Hydraulic caculations do have usesin culvert design, especidly in determining the degree of
backwatering from a downstream weir a given design flows and for determining the conditionsinsde
baffle/weir culverts. In these cases hydraulic methods can and should be employed in design and
reviewed before gpproving desgns. Another instance in which these calculaions are useful isin
determining overal culvert capacity. Culvertsthat are undersized will tend to concentrate flow and have
drops a both the inlet and outlet and will probably not retain or set up materid in them. For thisreason
knowing the pesk storm flow of the stream and Szing the culvert gppropriately are essentid in design.
More information on how to properly Size culvertsis given in sep five.

Road/stream crossing designs that will likely allow for fish passage

Often times there are many potentid solutions to fish passage problems for a given crossing Stuation
(Figure 13). For ingtance, on ardatively low stream gradient (i.e. 2-4% stream channd gradient) that
has a 50-100 year peak flow in the 100-200 cubic feet per second range several dternatives can work.
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For instance, a bridge should alow for naturd channel conditions and unobstructed fish passage. A
culvere placed flat (for sreams up to 2.5% channe gradient) will aso in generd dlow for fish passage
especidly if backwatered from the outlet side or embedded with natural stresmbed sediment. A culvert
placed a stream gradient with a culvert diameter or span sSmilar to stream active width and backfilled
with coarse streambed sediment could aso suffice.

©
Bridge
Higher ]
Open Bottom Culvert w/ concrete footings or bedrock anchored piers
Weir/Baffle Culvert
. .n_
Streambed simulation/embedded culvert
Requires no
Culvert wi backwatering from outiet — furtherreview
O e e — ___ Requies
Culvert placed flat with backwatering further review
— ) Eocnome
Lower choice range
| | | | | I | | | I | I

0 05 10 15 20 25 30 35 40 45 50 80 120 20+
Stream Slope (%) (In and near where culvert placed)

Figure 13. Various stream crossing options in terms of stream slopes where acceptable
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However, as stream gradient increases, culverts, unlike bridges tend to have problemsiif used outside of
agiven culvert gradient range or under certain streambed conditions. For this reason abridge is dways
the preferred solution from an ecologicd standpoint. However, generdly bridges represent the most
expendve solution. With thousands of potentid culverts needing replacement, the use of bridges
everywhere would gregtly limit the amount of work being done as only afinite amount of money will be
spent to ded with fish passage problems. The following section gives criteria on how to determine
which design strategy or strategies will work for agiven Stuation. It isimportant to take information
obtained in step two s that intelligent comparisons of the various dternatives can be made.  The order
of the dternative design Strategies pardldsthe order given in the ODFW Fish Passage guiddines
(Appendix A). It begins with discussing bridges, moves into streambed simulation designs (open arches
and sunken and embedded culverts), then to culverts placed flat, and findly to culverts that use weirsto
facilitate fish passage.

Along with stream dope, the degree of valey fill materid over bedrock is extremey important in
deciding between dternatives. For instance, a crossing with a stream dope of 5% gradient can easily be
dedlt with with a sunken streambed smulation design. However, if bedrock is present, the culvert can
no longer be eadily buried into the streambed and options like open arch culverts and bridges become
more reasonable.

The sze of stream is another criticd factor dong with dope and vdley fill depth. Small streams with
active channel widths less than 10 feet can be accomodated with culverts at much lower expense than
bridges. But as active channd width increases culvert ingalations become more costly and problemétic
at some point (where stream active channel width is approaching 15-20 feet) bridges become very
desirable.

Having clear objectives asto what instream conditions are desirable can aso be afactor in deciding
between dternatives. For instance, bridges, open arches, and sunken embedded designs will down cut
the upstream section that had sediment backed up from previous culverts. Sometimes adesirable
wetland has been created by the culvert or the downstream section is dready overloaded with sediment
due to other factors. Allowing the channe to down cut may be un-acceptable. In these instances, a
baffled culvert can dlow the continued existence of the sediment deposit or wetland upstream of the
culvert.

In discussing culverts and fish passage there are severd key definitions that must be understood. See
introductory section on culvert hydraulics if unclear about any of the terms given below. What follows
below is discussion of the advantages and disadvantages of each dternative and in which situations each
dterndive is best suited. Use the information found in step 2 and compare it to the stream
characteristics described below to determine which design strategy or Strategies are appropriate for a
given stream crossing replacement.

Bridges
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A bridge is a stream crossing structure that spans the stream and is placed on abutments and/or piers
located in or near the stream. Bridgesin terms of the natura resource protection should adways be the
preferred aternative because they dlow for anatura flow of sediment and change stream habitat the
least. However, when economic considerations and logigtics of the particular Site are taken into account
there are often better economic alternatives than a bridge (Figure 12). Bridges often become the
economica aswell asthe ecologica best aternative as stream Sze increases. When culvert dimensions
begin to require multi plate desgnsin excess of 10 feet in diameter or 15 feet in span the cost of a
bridge becomes comparable with that of aculvert. For high gradient streams over 5-8% gradient,
especidly those flowing over bedrock the only aternatives become a baffled or open bottom culverts,
fords, or bridges. Intermsof cogt, the bridge can become an economica aternative here.

When to use: From an ecologica standpoint anytime! However, from a cost standpoint, they become
increasingly economica as stream Size increases or in steep gradient streams where many of the culvert
dternatives won't work.

Advantages: Usudly best dternative for fish passage. The channd below the bridge often retains
natura state and can be used for rearing and spawning.

Disadvantage: Usudly the most codly dternative.

Further Comments: Bridge costs are highly variable as various gpproaches can be taken. Careful
research into the aternative gpproaches can pay for itsdf easily in reduced bridge costs. Oneideafor
areasthat will need only limited access over time, isto use temporary bridges and then evacuate the
crossing and bed the road until the next rotation. This reduces unwanted road traffic and saves money
on culvert and bridge costs.

Some dternatives.

1. Log stringer bridges (low cost but costs increasing due to risng log prices and generdly short
lived)

2. Rall car bridges (In-expensive, come in different lengths, but not load certified)

3. Re-enforced concrete bridge (relatively low cost but limited to 25-30 foot total span because
of load capacity concerns)

4. Stedl bridges (high cost about $1200-2000 per foot; however, certain designs done by thrifty
engineers can cost consderably less)

5. Pre-stressed concrete bridge (high cost, about $1500-2500 per foot of bridge span)

While the fish passage aspects of abridge design are rlaively smple, designing to bear loads is not
sample and should be undertaken by aregistered enginesr.

Open Bottom Culverts
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An open arch or open bottom culvert isametd arch or other material (commonly concrete box culverts
with open bottoms) placed on footings with anatura stream bed underneeth and fill on top of culvert.
Thewidth of footing generdly increases as load bearing needs increase. Mogt footings are from eight
inches to one foot wide and are about the same depth.  Sometimes footing depth isincreased as
footings are made deeper to anchor to bedrock. The use of open arch culvertsisin favor by many
engineers and biologigts, but apast survey of fish passage culverts showed thet this option, more often
than not, had serious undermining threstening the gability of thefill (Browning, 1990). For this reason,
it is recommended that this option only be used where the stream is near surficial bedrock asto create
dable footings. There are various dternatives that use flanged edges and staking to stabilize the footings
or use angleiron to tie in the arch ends without footings but these designs are at best experimental and
should be used on atrid basisfor lower priority crossngs with engineering help. Another design uses
weight (load) supporting piers drilled into bedrock and should be considered especialy where the
bedrock isirregular and depth to bedrock is variable. Open arch ingdlations should be designed by an
engineer in condderation of the loads and potentia sources of failure in the footings. Specific
recommendations regarding these factors is site specific and beyond the scope of this guidance. With dl
this said, open arches are desirable for fish passage because they have anatura channel bottom (if sized
large enough) and provide a naturd substrate and conditions smilar to anatura channd.

When to use: For sSreamswith grades at or near bedrock at dl dopes. The load bearing pier design
can be used in places where bedrock is a greater depth. |f engineered and designed carefully these
structures can be placed on fill. Any structure placed on fill with an open bottom should be designed by
an enginesr.

Advantages: Very good fish passage dterndive if Szed properly.

Disadvantages: Expengve and difficult ingdlation, and not practical when lots of valey fill maerid is
present in natura channd because of difficulty in developing stable footings.

Further comments: The structural stability issues with an open arch are critica and require civil
engineering and/or geotechnica expertise. Very important to properly size the culverts or the stream
bottom will scour (possibly to bedrock) leaving a chute with difficult fish passage. The width of the open
bottom should be at least the active width of the stream channel if being used for fish passage.

Streambed Simulation using sunken and embedded culverts

This design dterndtive calls for snking the culvert into the existing streambed at both the inlet and outlet
(Figure 14).

Culvert sunken into stream bed with
material embedding

Fill or sediment

ﬂ

Stream bed

e




When to use: Streams with dopes up to 8% dominated by deep valey fill substrates. If stream and
resulting culvert gradient is greater than 4% greater consideration should be given in making sure design
works.

Advantages: When properly ingtaled, the culvert grade will be at the same dope as the stream with
the same stream sediment characterigtics. For amigrating fish this would impose no changes or stress
and no ddlay in upstream migration. From a stream morphology perspective, sediment transport would
smply move through the culvert naturdly, and there would be no sediment buildup upstream or
deprivation downgtream. Because the culvert width is Smilar to the bankful stream width, at the outlet
there would be no flow concentration, so there would be no increased scouring or damage at the outlet.
Thisisardativdy smple ingalation as compared with the others, and the costs relative to bridges and
other designsisless.

Disadvantages: Ingallation as compared to a non-buried culvert, ismore difficult. The culvert dso
has to be oversized to pass the 50 year peakflow, as compared to a non-buried culvert. Must be
careful to determine if thereis bedrock that would impede proper ingtallation.

Further comments: The first step in this design is to assure that the diameter or span of the
culvert is equal to or greater than the active stream width (see how to determine active
channel width in step 2). This sream crossing type is usable for culvert gradients up to 8%. Itis
important that there is adequate stream valley bottom fill available to Snk the culvert into. Therefore,
this dternative would not work if the stream is predominately bedrock or has extremely large boulders
hampering culvert snking into streambed.  Also important is the availability of cobble szed materid to
build up in the culvert. In most cases, the ingaler should embed the culvert with cobble - boulder sized
materid. If the stream bed near the culvert is dominated by sands and fines, there may not be adequate
coarse materia to make this dternative work without embedding. For circular culverts, the sinking
at inlet and outlet (Figure 15 and 16) must comprise at least 40% of the culvert diameter or 2
feet, whichever is greater. For pipe-arch culverts, a sinking depth of at least 20% of the rise
or 18 inches (whichever is greater) is adequate. For box culverts, 20% of the height or 18 inches
(whichever is greater) of burid is adequate, but if the bottom is smooth or concrete, remedid measures
may need to be taken to roughen up the bottom so it will collect bed materid. The only time embedding
may be not be done is when the channd upstream of the channel has been incised by the newly placed
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culvert and plenty of materid is expected to move into the culvert. In these cases, the culvert should be
embedded deeper to anticipate the scouring of the upstream reach.

Culvert sinking at the downstream end should be from the downstream riffle or constructed weir (Figure
15). Inthe past many have attempted to sink the culvert in relation to a downstream scour pool
overstegpinging the culvert. Culvert sinking on the upstream end of the culvert should be the difference
in elevation between the resulting upstream streambed and the bottom (invert) of the inlet of the culvert
(Figure 16).

Downstream

ater Surface Residual WatercontrOI

surface

. |

De/gree of sinking
Outlet
Pool

/
Streambed

Figure 15. Determining culvert sinking from the
downstream end.

Resulting stream bed upstream

egree of sinking

Bottom of
the inlet

Figure 16. Sinking the culvert at the inlet



In some cases, sediment catching baffles (see Figure 11) may need to be applied to CMP
culverts if inspection over time is showing no material is staying in the culvert. These measures
may include attaching angle iron and rebar to the bottom. Another method isto ingtdl awelr in the
channe downstream from the culvert to dlow the build up of sediment. More careful embedding of the
culvert may cause materia to stay in the culvert especidly if careis used in interlocking the rocks
together and using larger rocks to anchor the smdler materid.

Generdly speaking, because the need to fill circular pipes up to 40%, to get adequate width compared
to active stream channd width, this design will be relatively less expendve with pipe arch or squash pipe
shaped culverts. To cdculate culvert sizing for the 50 year peak flow, methods described in subsequent
section need to be used for culverts designed to have sediment in them.

Culverts placed on gradients greater than 4% should be buried at the inlet upstream end to a grester
degree than the downstream end. Thisis cdled a countersunk streambed simulation strategy (Figure
14). Theinlet should be buried into the streambed such that the resulting culvert gradient is about 1.5%
less gradient than the existing stream grade. Gradient is lessened to both reduce velocitiesand aid in
retaining sediment in the culvert. The lessening of stream gradient can be more or less than 1.5%, but
this requires further review. Generaly speaking culvert gradient reduction of up to 3% are acceptable in
relatively short steep culvert ingalations. However, usng thisingalation for streams crossings with
stream dopes greater than 8% are to be discouraged. An example of how countersinking would work
isfor a50 foot long pipe arch with afive foot rise for a stream with 6% gradient, the outlet should be
sunk two feet into the streambed and the inlet should be sunk two feet eight inches into the streambed.
Thisresultsin a culvert with 4.5% gradient. For the cdculation of flow capacity, the bass of flow
reduction is based on losing two feet eight inches of therise at the inlet end. A step by step guide on
how to desing with this dternative is given in Appendix E.

Culvert placed essentially flat

Definition: Culvert placed at agradient of 0.5% or less.

When to use: On low gradient streams up to 2.5% gradient. If working on a stream where the inlet
end is to be countersunk to make the culvert flat make sure there is not bedrock in the vicinity of the
inlet.

Advantages: Lesst codly dterndive with essy ingtdlation.
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Disadvantages: Difficult to get fish passage with thisdesign. Generdly will alow free passage only for
culvert dopesthat are below 0.5%.

Further comments: Culvertscomein avariety of shagpes with both advantages and disadvantages
with each. The most common are circular culverts. In addition there are pipe-arch culverts, box
shaped culverts, and dliptica culverts. The most common materia used in culvertsis corrugated meta
pipe (CMP). The maximum gradient allowed is for round, dlipticd, or pipe-arch culverts with CMP. If
dedling with smooth culverts or concrete culverts, even less dope would be alowed because the
hydraulic roughnessis decreased. As a practical consideration, these culverts should be installed
flat (0% slope) using a tripod level or similar device because even a little slope can cause
juvenile fish passage impediments. There should be outlet backwatering (minimum of 6 inch
difference) between downstream weir/riffle and elevation of culvert invert such that water depth is
severd inches throughout the culvert. The outlet end should be sunk into the streambed six inches or a
downstream weir should be constructed to backwater at least Sx inches deep throughout the culvert.

Depressing the inlet invert into the channd bed can cause degradation of the channd bed upstream with
subsequent migration impairment. If theinlet issunk in too far thereisarisk of culvert blockage; that's
why it isimportant to oversize the culvert diameter. In streams with high sediment loads, there could be
excessive depodgition in the culvert and subsequent blockage and failure. Thisingallation may dso cause
amigraion barrier & the inlet as a high velocity areamay be created at the inlet. For thisreason it may
be desirable to excavate the streambed immediately upstream of the culvert to prevent an inlet drop. It
isfor these reasons that this dternative is generdly reserved for low gradient streams (less than 2.5%
gradient). Even a a 1-2% gradient the streambed smulation option is probably preferable and is
probably smilar in cost. A step by step “ cook-book” on how to design with this dternativeis givenin

Appendix E.

Culvert with backwatering at outlet

Definition: Culvert placed at or below stream grade with a downstream control structure(s) likealog
or boulder weir that backs up water throughout the culvert to adepth of at least eight inches.

When to use: For streams with up to 4% gradient with the downstream section with little dope and
well defined channd in which to ingal weirs. This design can aso be used in concert with other
dternatives to improve fish passage.

Advantages: Can beardatively low cost dternative that works up to stream dopes of 4% and for

elevation changes between the upstream and downstream end of up to 2 feet. The resulting pools
created downstream can provide vauable rearing habitat and resting habitat for fish migrating upstream.
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Disadvantages: Ingtdlation of effective weirsto back up water without impeding fish passage
themsalves can be tricky. Ingtaling stable weirs can be problematic. The degree of backwatering and
loca hydraulic conditions due to a downstream weir can only be andyzed by usng advanced hydraulic
methods like those found in programs such as HEC2 and WSPRO. Backwatering will reduce pipe
peak flow capacity, changing inlet control to outlet control.

Further comments: Thefirst downstream weir (Figure 17) should be ingalled at least a couple of
channd widths or at least 10 to 15 feet downstream to provide stability. If placed too near the culvert,
undesirable sde effects may occur. Each weir placed subsequently downstream should be spaced
about 2 to one channel width apart and the water surface drop associated with each weir should not be
more than a X inches so asto not impair fish passage. The devation of the top
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Figure 17. Rock weir schematic

welr (i.e,, the one nearest the culvert) should be set a eight inches gregter elevation as the elevation of
the culvert bottom on the upstream (inlet) end. This method can aso be combined with countersinking
or culvert burid to increase the range of dopesin which a culvert ingdlation will work without resorting
to culvert weirs and baffles. Because of padt failures and the multitude of problems that can occur with
this design, further review is dways required and experienced engineering expertise is recommended in
design. When using rock weirs the alowable drop can be increased to afoot.
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Weir/Baffle Culverts

Definition: Culvert having various types and configurations of weirs or other flow obsructionsingaled
ingde the culvert to either increase roughness or to create a series of pools with drops to increase
depths and decrease velocity to aid fish passage (Figure 16).

When to use: For streams with gradients up to 12%. Because of cost and maintenance considerations
this choice is usudly alast resort. In places where there is a desire to preserve a sediment deposit or
road fill caused wetland by not ingtaling a structure that dlows naturd sediment transport of the
deposited materid upstream of the culvert.

Advantages: Usualy requires less oversizing as compared to buried culvert designs. Usudly less
expendve as compared to bridges or open bottomed culvert structures. Can beingtdled in valey fill
(unlike open bottom culverts unless engineered) or in Stuations were the stream grade is a or near
bedrock (unlike sunken and embedded culverts).

Disadvantages: Thesetypesof inddlations have alegacy of falure. Culverts with baffles are more
prone to clog with debris and sediment. If the method of securing the baffles is suspect, the baffles can
rip out and damage the culvert, or even causeit to fail. Thisdternative is usudly more expensve than
ingdling a culvert without baffles, even with sinking and embedding. Often times the baffles or weirs
disrupt the "boundary layer," which may impair juvenile fish passage. (Note: The boundary layer isthe
area of flow right above the stream bed where there are reduced velocities) This design requires
consderably more hydraulic engineering savvy than the other methods and requires the use of outside
conaulting. Inddlation of stedl culverts with pre-fabricated baffles is very unforgiving as any settlement
can cause the baffles to pop out of place. Greater care in creating a stable bed and in compacting the
haunch areas dong the bottom side edges of the culvert must be done. If settlement occursit can
render the weir spacing and height design ineffective.

Further comments: Thereisaconsderable variety of possible configurations in regards to baffled
culverts (Figure 18):

1. Weir baffle: Baffle stretches across the stream no notches in baffle.

2. Notch baffle: A weir baffle with a notch in the middle to alow flow to pass through at alower level.

3. Corner baffle: Baffle placed on one side of culvert with other side without baffle.

4. Offset baffle: One side of the culvert has one baffle pointed diagonally upstream while the other baffle
is shorter and perpendicular to flow with a slot in between.

| |
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The weirs or baffles can be placed directly upright or can be tilted dightly downstream. They typicaly
are 6-18 inches high, depending on streamflow and culvert sze. They can be attached by bolts or
welded to metd pipe. They can be made of wood, concrete, or metal plates. In Oregon, adesign
currently being ingtalled, hasameta plate notched welr tilted downstream with a supporting gusset
welded into the meta round or pipe-arch culvert. Preiminary ingpection indicates that these baffles or
notched weirs are very sturdy and durable and require much less maintenance than other baffle designs.
They have been ingtalled at dopes up to 12% and the weirs cost from $300 to $800 each, depending
on culvert diameter. Threeto 10 or more weirs are required depending on stream flow and culvert
dope. Thiscan add to the cost of a culvert from $900 to $8000 or more for this particular type of
design. Anecdotal evidence suggests that measures should be taken to protect the areaimmediately
downstream of the outlet from scour creating ajump. Measures include creating ariprapped jump pool
below culvert that can resst eroson. Unpublished velocity studies of these weir baffles desgnsover a
range of streamflow conditions show that these designs provide favorable velocity conditions.

There are saverd rules of thumb and semi-empirica equations on how to determine proper baffle Szing
and spacing. In calculaing discharge capacity, use the methods given in Section 5 assuming alossin
cross-sectional area due to the weir. For determining fish passage there are severa checks that should
be preformed including:

1. Depth of flow caculations for low and high design flows (Bates, 1994 and Belkhe et.dl.
1990). Thelow design flow depths must meet Oregon guideinesin Appendix A.

2. Energy disspation at high design flow by comparing streamflow with pool volumes at
High design flow (Washington Design Manud, Bates, 1994, and Belkhe, et.al. 1990).
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For many baffled designs there are no empircaly developed methods for determing depth of flow
cdculations or energy disspation because no experimenta ca culations have been done for different
shapes and configurations of culverts. For instance, the design for baffles danted 45 degrees
downstream described above has different drag characterigtics than awelr that is placed perpendicular
to flow. All of the past experiments for notched and broad crested weirs used weirs placed
perpendicular to flow and not danted. Therefore whoever does these cd culations must apply
experimental results from a Stuation thet is different than the current design. Thistype of exercise
requires considerable engineering judgement.  For this and other reasons, these designs should
generdly be developed by someone with expertise and or experience in hydraulic engineering.

FORDS

Fords should only be considered for low traffic roads that are in generd, private, gated and have very
infrequent use. Fords are best suited when the stream channel has larger cobble and larger materid in
generd. Low bridges and partia fords can be useful in some instances but only after careful review. In
designing aford, the roads coming into the ford should be tapered (10% grade or less) and hardened
using coarse (cobble and coarse gravel sized) materia for severd hundred yards to alow the shedding
of sediment as vehicles approach the ford. Water bars or other drainage should be used to deflect water
away from the stream gpproaches. If alow bridgeisto be used the upstream end of the bridge should
be tapered to guide materid over the top of the bridge instead of againgt the bridge. The bridge should
aso be keyed in hard and made of heavy materia like concrete so as to not be detached and floated
away. If theford is hardened using cobblesin the stream, filter fabric may need to be used to keep
water on the surface so the ford does not become de-watered impeding fish passage.

5. Essentials in preparing designs for grants, permits, and
required written plans

Requirements

If designing anew or re-constructed crossing usualy apermit or written planisrequired. For forestry
concerns a natification should be submitted and if the stream is fish bearing awritten plan is required.
For non forest landuses often times a Divison of State Lands (DSL) permit isrequired. Note there are
dreamlined permitting processes for road congtruction and dso that if the amount of fill being moved is
not large a permit may not be required. 1t isbest to cal DSL concerning requirements for given
gtuations. In emergency situations after large storms where repairs are made to structures to
restore access, many of the waiting periods etc... can be waived. However, the need to
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provide for fish passage is not waived. In preparing grantsto GWEB and other funding sources
information Smilar to that which would be on a permit or written plan is advisable in order to get
goprova. Itisadso advisable to run the design by the regulating authority prior to applying for a grant
and perhaps get awritten letter of support. Thiswill greatly enhance the chances that the project will

get funding.

In Appendix D, guiddines are given for use in heping ODF forest practice foresters in accepting,
reecting or requiring further review of stream crossing inddlations. Also included isaform that can be
used in filling out written plans.

Sizing Bridges/Culverts for replacement

The 50 year peak flow can be described as that stream flow that is only met or exceeded once every 50
years on average based on datisticd analysis of past streamflow records. An easy to use
sraightforward procedure for estimating 50 year peak flows has been developed for use on forest land
in Oregon. For agricultural and urban lands, there is no one accepted procedure, but severd
procedures may be acceptable. The forest land peak flow estimation method should not be used on
agricultura or urban lands because the landscape is generdly flat as opposed to mountainous and there
are sgnificant dterations to the soils and thus the hydrology, particularly on urban land is dtered.
Acceptable methods for urban/agricultura watersheds can include the rationd equation (for watersheds
lessthan 2 square mile), the SCS method, USGS equations, or other methods. Many of these other
methods are given in the ODOT hydraulics manua (ODOT, 1990). Often times engineers or
engineering firms design crossings in urban settings so the methods and sophidtication of the calculation
method is greater SO more leeway is given on caculaion methods. The forest land method given below
isgtill useful even for county and city roadsif the basinis smdl (lessthan 5-10 sg. miles) and largely
forested.

Sizing Method Used by Oregon Department of Forestry

Stream crossing structures are exposed to occasiona pesk flows that threaten to damage or wash out
the structure. Costly repairs or replacements, disruptions to log hauling operations, and damage to fish
habitat in downstream portions of the stream can occur when a peak flow exceeds the capacity of a
stream crossing structure,

It would be prohibitively expensive to design a culvert or bridge to handle al peak flows, including the
largest floods. Instead, stream crossing structures are sized to pass peak flows up to a specified design
flow.

This design flow is often described as a pesk flow having some recurrence interval. For example, a

Road/Stream Crossing Restoration Guide, June 8, 1999: Page 56



culvert designed to handle a peak flow that has a 50-year recurrence interva means thet the culvert
would be overtopped only once every 50 years, on the average. A variety of terms are used to refer to
the pesk flow having a 50-year recurrence interval. Sometimesit is called the "50-year pesk flow" or
"the 50-year storm."

Since few forest streams have long-term gaging stations, we usuadly do not know what the 50-year peak
flow is a aproposed stream crossing. However, the 50-year peak flow can be estimated using
information gathered from surrounding gaged streams. We have recently analyzed dl the available pesk
flow datafor forest streams in Oregon and developed relationships that will alow you to estimate with
some confidence the 50- year pesk flow for a proposed culvert or bridge ingtdlation.

Information about 50-year peak flows throughout Oregon is displayed on a map titled, "Peak Flows for
Forest Streams” (Figure 19) A larger scde version of this map is available from ODF in Sdem). The
vaues shown on the map indicate the 50-year peak flow in units of cubic feet per second (cfs) per
square mile of drainage area.

As an example, if a proposed culvert installation is at a location where the map shows the 50-year
peak flow to be 200 cfs per square mile and the drainage area upstream of the culvert installation is
0.7 square miles, then the culvert would need to be sized to handle a flow of 140 cfs (200 x 0.7 =
140).

For the east Sde of Oregon, the current procedure has divided the eastside into four generd runoff
regions as follows (Figure 19).

The Eastern Cascade geographic region has two distinct areas: north of the Warm Springs Indian
reservation the 50-year peak flow is 75 cfs per square mile and 25 cfs per square mile south of the
reservation.

The Blue Mountains geographic region also has two distinct areas: approximately northeast of
Interstate 84 the 50-year peak flow is 45 cfs per square mile and elsewhere it is 30 cfs per square
mile

However, the runoff in Eagtern Oregon is highly variable and in some places loca methods or gage
comparisons are preferable to using this method. Please contact the author or loca offices of ODF if
you have any questions about using these values for eastside streams.

For the westside of Oregon, 50-year peak flows are higher than on the eastside and can vary
consderably over short distances (Figure 19). Lines are shown on the map indicating areas of common
peek flow vaues, just as contour lines on a topographic map show areas of common eevation. In
western Oregon, 50-year peak flows vaues vary from less than 50 cfs per square mile for an area east
of Medford to 600 cfs per square mile for an area east of Brookings. When determining the 50-year

Road/Stream Crossing Restoration Guide, June 8, 1999: Page 57



peek flow from the map and the location of a proposed culvert or bridge ingtalation lies between two
lines on the map, interpolate an appropriate vaue.

For example, if the culvert location lies halfway between the 150 and 200 lines, then the appropriate
value to use is 175 cfs per square mile

[(150+200) /2 = 175]

The drainage area upstream of a proposed culvert or bridge ingtdlation is an important piece of
information to know when caculating the 50-year pesk flow. Eyebal estimates of drainage areaon a
map are just not accurate enough. Use adot grid, planimeter, or digitizer to measure the drainage area.
A topographic map should be used and the drainage boundary carefully identified as shown in Figure
18. Note that as you draw in the drainage boundary upstream of the proposed culvert location, the
boundary is aways at right angles to the elevation contours.

Road/Stream Crossing Restoration Guide, June 8, 1999: Page 58



s Peak Flow 50 Year Recurrence Interval
'} e T I
?E’ “lflf\'-""“'f'-“-"“l — i
w Lt Y ) iy = "
= ey _|. ! | SO — —t | nniin
pamy T“‘\{I‘ W:-.,- I focey
] I 'ﬁ—#—r”"'“' jﬁ‘*‘f——ﬁ _;::q 3 : WoRROW I_!
-@' \ el GILLIAM | |
L-- 55 ) ) )% N |
H -,. ,_L . n.:u.uu ,"=' b — :
""f‘ - "\. [ 3 B
;r 3y 3 ,z-” g Efy I, Ay
'a{-\"‘ p —..t._._‘s., L OWHEELER |
) N e BN L.
EL'!“ _*_\" "' f ““—I-;,Ik AEFF :
!n.r LINN /| H GRAMT
ol olens bl 0T R P4 { T 1
| -ﬁ '_JLI.?— "‘;.___I-_fj"."-.::j'--r__-_:-,-fi--ﬁ.;ll', It _q
gt Y n t i
L AN -"."l-'I -";-'I. | 30 .
E ’,r-H._:‘ ' LANE 4 R L e e e
o f =l Y W DESCHUTES ! f
fl_’c' ) \ Hf i ‘l
_..-..._.I o - |I 5, =.|_______'_ _________
AT B R e = - |
:&ﬁ— L \ | oS L !
| 1 [ jj ||unu|Ln {j\ !! 1 MALHEUR i
I_f' L "i I?I-ﬂ i HARNEY ! H
foas ) K/ i ! f.
_,-"'—“‘-{_-. = / i 1i| I.
ol et |25 * |
5 |'. Y s o o e icnoie: LS T - i —=y i i
iy J;l*#' wine 1 | | i
Yol 'f. _‘."ﬁ."l I ' AN R | | !
DEPARTMENT OF ' . g7 ‘ Fiemem e ! I1 i
FORESTRY L mechend B 1 b | I :
00 S Swst LRI N " 5 0 N i R
Bk, Corgan FT318 T T T s e T e e Febouary 8, 1999
_ I:l_-'f.rm:- E_Inpnr.\qmdm:- rogos: Depart=en of Poneiny, Craplics Service

Figure 17. Peak flowsfor forest streams 50 year recurrence interva for Oregon State.
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Figure 20. Example of the drainage area outlined upsiream of a proposed culvert ingdlation in far
northeast Oregon. The drainage areais 4.9 square miles and the 50-year peak flow for thisareais 45
cfs per square mile, so the culvert will have to be large enough to handle aflow of 220 cfs (45 x 4.9
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220). Adapted from landowner reference manud.

Table 6. Flow capacity for circular culverts and pipe-arch culverts.

CIRCULAR CULVERTS PIPE-ARCH CULVERTS
DIAMETER Cross- MAX SPAN x RISE Cross- MAX
(inches) Section | FLOW | (feetand/orinches) | Section | FLOW
Area in Area in
Culvert Culvert Culvert Culvert
(ft)) (cfs) (ft)) (cfs)
15 1.2 3.5 22" x 13" 1.6 4.5
18 1.8 5 25" x 16" 2.2 7
21 24 8 29" x 18" 2.9 10
24 3.1 11 36" x 22" 4.3 16
27 4 15 43" x 27" 6.4 26
30 4.9 20 50" x 31" 8.5 37
33 5.9 25 58" x 36" 11.4 55
36 7.1 31 65" x 40" 14.2 70
42 9.6 46 72" x 44" 17.3 90
48 12.6 64 6'-1" x 4'-7" 22 130
54 15.9 87 7'-0" x 5'-1" 28 170
60 19.6 113 8'-2" x 5'-9" 38 240
66 23.8 145 9'-6" x 6'-5" 48 340
72 28.3 178 11'-5"x 7'-3" 63 470
78 33.2 219 12'-10" x 8-'4" 85 650
84 38.5 262 15'-4" x 9'-3" 107 930
90 44.2 313
96 50.3 367
102 56.7 427
108 63.6 491
114 70.9 556
120 78.5 645
132 95 840
144 113.1 1000

Adapted from the landowners reference manua (1994). The assumptions for this table are projecting
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inlet and headwater depth equal to diameter or height of culvert. These assumptions are not relevant for
fish passage designs. Therefore, oversizing as described in text needs to be employed.

A grid printed on transparency material can be obtained for use with the 7.5-minute USGS maps (the
map scaeis 1:24000). To get watershed area, outline the drainage boundary and then place the grid
over the areain arandom orientation. Count the number of squares and fractions of squares that fall
within the drainage boundary. Alternaively, you can count the number of grid intersections that fall
within the drainage boundary. Multiply the number of squares or grid intersections by 0.036. Thiswill
give you the drainage area in square miles.

For example, if the number of squares counted within the drainage boundary was 46, then the
drainage area would be 1.7 square miles [ 46 x 0.036 = 1.7 ].

Sizing the culvert:

With the flow determined above, and if the design is a culvert that requires no sinking and does not have
baffles, the required culvert size can be determined using Table 6. For example, the Stream crossing
that has an 140 cfs 50 year peak flow would require a 66" diameter round or 7-0" x 5-1" pipe arch.
Please note that flow capacity of a culvert is not dependent onits steepness. A culvertindaledat al
percent gradient has no greater capacity than one ingtalled at an 8 percent gradient.

For culverts that have baffles or are desgned to have sediment placed or deposited in them, sSzing a
culvertisalittle moreinvolved. In order to determine the proper culvert size, the culvert cross-sectiona
arealost dueto filling or baffling must be determined and compensated for by choosing alarger culvert
gzeto passagiven flow. Table 7 provides a comparison between percent of culvert rise (for pipe
arches) or diameter (for round culverts) that is embedded or baffled and corresponding cross-sectional
arealoss.

Following the example above, |ets say that you have a 3% gradient stream that you plan on using a
culvert sunk into the streambed on the inlet and outlet end equaly. Let us dso assume that we will usea
round culvert with 40% of the cross-sectiona area dated for fill materia. 1n doing the calculation you
would first look to Table 6 and pick a culvert Sze larger than the 66" diameter that passed 140 cfsasin
the above example. Let us assume that perhaps 96" would work. Referring to Table 3, you find that a
40% embedding resultsin a37% lossin culvert area. A 96" culvert has 50.3 ft? cross-sectional area
according to Table 2 and a 37% reduction resultsin a culvert area 31.7 ft°. Since the remaining areais
greater or equd to the areaavailable to that with a 66" culvert (see Table 6) with no embedding you can
assume that the culvert will pass the 50 year peak flow because the capacity equations, are largely
based on cross-sectiona area.

For szing the same crossing for a pipe arch culvert, the degree of snking would only be 20%. You
would haveto try for asze larger than the 7-0" x 5-1" culvert. The next Szelargeris8 -2" by 5 - 9"
which has a corresponding area of 38 ft? (Table 6). A 20% embeding of the rise corresponds to a 20%
lossin cross-sectiond areawhich leaves 30.4 ft%. Sincethis valueis larger than the 28 ft* vaue for the
7-0" x 5-1" culvert you can assume that the culvert will pass the 140 cfs pesk flow. Animportant rule

Road/Stream Crossing Restoration Guide, June 8, 1999: Page 62



of thumb when trying to determine cross-sectiona areas of pipe-arch Szesnot in Table 6, isthat cross-
sectiond areais closdy gpproximated by the equation:

Area (ft?) = Rise (inches) * Span (inches) * 0.005472

For open bottom culvert sizing the equation for bridge sizing (below can be used). However, for rough
field estimates when scoping out various culvert Sizes Table 6 can be used to get gpproximate estimates
of what might beinvolved. A more complete reference on culvert Szing is entitled “Hydraulic design of
highway culverts’ (Norman et.al., 1985).

Bridge Sizing and Peak Flows

Determining whether or not a proposed bridge ingtalation is capable of handling the 50-year is
something you can do with the information provided below. Y ou need the following information to
make an evauation about a proposed bridge ingtallation:

! The stream gradient.
! A cross-sectional drawing of the bridge and stream channel. The drawing must be drawn to
scale (see Figure 21).

Firgt, on the cross-sectiond drawing of the channel and bridge, draw a horizonta line 3 feet beneeth the

bridge's lower
Percent of rise % % surface (Figure
or diameter with Xsec Area Xsec Area 21). This
baffle or embeddir Loss Loss represents the
inside culvert Round Pipe Arch water levd during
Culvert Culvert the 50-year flow.
10 S 8 This 3 feet of
15 9 14 dearanceis
20 14 20 needed to pass
25 20 26 large woody
30 25 33 debris that is
5 = 2| fam
45 44 51 downstream.
50 50 57
S 56 63 -(I;zca)t::lz;ison of
60 63 69
65 69 74 percent of culvert
70 75 79 dllameter or rise
with baffles or
embedding and

corresponding cross-sectiona arealoss for the culvert.
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Flow capacity under bridge =

87
)

30 * A * (S/100) * (A/WP
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----------------------------------------------------------

A = wetied cross-sectional
area (square feet)

S = stream gradient (%)

EXAMPLE  If the stream gradient is 2 %, the wetted
cross-sectional area is 120 square feet, and the
wetted perimeter is 30 feet, then the flow capacity
would be 1288 cfs.

Road/Stream Crossing Restoration Guide, June 8, 1999: Page 65



Figure21. Cross-section drawing of a bridge and stream channel and the equation to calculate the
flow capacity under the bridge. (Adapted from landowner reference manudl).

Next, measure the length of channe (in cross section) that would be wetted when the water is at the 50-
year flow leve. Thislengthis called the wetted perimeter. Write down what this length would be (in
feet) inthe field. Next, measure the cross-sectiona area of water that would exist when the water is at
the 50-year flow level. Thisis caled the wetted cross-sectiond area. Write down what this area
would be (in square fegt) in the fidd.

Findly, calculate the flow capacity of the bridge using the equation:
Flow capacity =30 X A x (S/100)*°x (A / WP)>

where: A = wetted cross-sectiona area (square feet)
S = stream gradient (percent)
WP = wetted perimeter (feet)

The units of the calculated flow capacity are cubic feet per second.

The bridge design is adequate if the flow capacity (derived by the equation) is grester than the 50-year
pesk flow determined for the Site.

Alternative culvert or bridge sizing for a road built across a wide flood plain

Roads built across streams having wide flood plains are often less likely to cause damage to the stream
over timeif the road fill is desgned with areduced height. Lessfill materid in the flood plain means that
less materid is available to be washed downstream during extreme flood events.  In order to dlow a
low fill design, the rules give the operator the option to ingtal a smdler culvert or bridge than would
otherwise be required.

A low fill desgn must contain the following eements to be gpproved:

! The flood plain of the stream must be at least 3 times the active channel or 100 feet wide at
the proposed road crossing.

! The culvert or bridge must be large enough to handle the 1- 2 year peak flow.

! An overflow depression must be constructed in the road fill at a location away from the
culvert and at an elevation lower than the top of the culvert or bridge.

! The road surface and downstream edge of the overflow depression must be armored with
rock of sufficient size and depth to protect the fill from eroding when a flood flow occurs.
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Figure 22 illudtrates the features of this optiond design for wide flood plains. To get the corresponding
peskflow size for the 1-2 year even multiply the 50 year pesk flow by 0.40. Therefore a 1000 cfs flow
at the 50 year peak corresponds to approximately a400 cfsflow at the 1-2 year peak.

Overflow section of fill armored .
%b% with rock riprap. Elevation of R
overflow lower than top of
\ culvert. ) ey

Culvert sized to
handle the

10-year peak

Flood plain greater

than 100 feet
T Road constructed
e with low fill
Sy across &
flood plain )
; p
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Figure 22. Fesaturesfor the optional design of congtructing aroad with low fills and smaller culvert or
bridge. (Adapted from landowner reference manua)

6. Installation considerations for road/stream crossings

Some generd guidelines regarding working in the stream channdl is given in the ODFW fish passage
guiddinesin Appendix A. Aln water work@is defined as that pertaining to work done within the
norma high water marks of the stream. Timing dong with the amount of work done is aso important
and aligting of in water work periods for given streams can be found at local ODFW offices or from
ODFW’ sweb dite at http:/mww.dfw.gtate.or.ushed/timing/timing.html. The basic premise behind the
timing and guidelines is to reduce sediment impacts by working during the lowest flow periods (or
periods when key fish species are not in the system or spawning or have eggs in the stream) and by
mitigating impacts by de-watering and isolating the stream from the congtruction activity as much as
possble. Another idea (in addition to ODFW guidelines given in Appendix A) is the use of hay baes
downstream to dow down the streamflow and alow for deposition and filtration of the Streamwater
near the source of sedimentation. Working in such away that does not minimize sediment impacts not
only is outside the spirit of restoration but may aso be the cause of fines and expensive clean up efforts.

When indaling culverts another consderation isto create a stable bed of gravel to lay the culvert on and
compact the bed prior to indaling the culvert. After laying the culvert in the bed should be laid down
around the culvert in lifts and each successive layer should be compacted. Guidelines for lift thickness
are given in culvert goecification books. Creeting a stable bed helps prevent settling of the culvert, while
the use of lifts Sabilizes the culvert giving it equa pressures to prevent crumpling. A culvert requires
Sde pressures to be able to handle vehicle loads. Thisis particularly important for pipe arch culverts.

The sdes of the fills on each sde of the culvert should be no more that 1.5/1 (horizontd distance/vertica
distance). If attempting to creste steeper sides the use of concrete, gunnite or carefully placed boulders
must be used. In determining length of culvert the issue of Sde dope angle must be considered.

During ingdlation with the equipment on hand is agood timeto ingdl overflow dips (Figure 20) and or
grade reversalsin the road in case the culvert clogs. With these types of structuresin the road the water
can be diverted without washing out thefill or the road. In western Oregon generdly seeding the area
disturbed is not required, however, in eastern Oregon grass seeding may be desirable to reduce erosion
in and around the inddlation Ste.

7. Maintenance and monitoring of installations
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There are severd forma monitoring efforts regarding fish passage in Oregon and in neighboring states.
For ingtance, the Oregon Department of Forestry is monitoring the compliance level of stream/road
crossng ingdlaions to guiddines smilar to these. Washington state is monitoring severd culverts and
determining fish movement in and around culverts. However, amore fundamenta monitoring concernis
to assure that the ingalations are functioning as planned and to determine if any maintenance needs to
occur to keep the indalation functioning as planned. What follows are severd key questionsto look at
with recently ingtaled culverts. These questions, address concerns based on field experience that most
often need remedid action. The factorsare:

1. Outlet drop — Did the culvert develop an outlet drop of more than six inches? If yes, actions might
include riprgpping the outlet or ingtalling or repairing a downstream control structure.

2. Inlet drop — Did the culvert develop adrop in bed or condriction to flow that causes the water level
to drop suddenly at upstream end of the culvert? If yes, actions might include re-shaping the stream
upstream of the culvert if thereisacondriction. 1t could dso involve putting materia or a sediment
catching device in the culvert if the culvert was meant to be embedded but the materia washed out
a theinlet.

3. Embedding — Isthe culvert retaining materia as designed? If no, larger materid may have to be
added or a sediment catching device may need to be added.

4. Trash a inlet or ingde culvert — Isthere materid indde or lodged &t the inlet of the culvert? If yes,
the materiad needs to be removed. If a constant problem and an expensive or important crossing a
trash rack could be instaled.

5. Culvert filling — Is the culvert more than 50% full of sediment? If yes, you may consder cleaning
some of it out or opening up the outlet Sde more to dlow materid to move through. Oftentimesthis
temporarily occurs in reaches that were aggraded upstream of an undersized culvert and with the
new culvert the aggraded materiad movesin quickly. Overtime this materia may cycle out.

6. Culvert damage— Did rip rap from the sdes dent the culvert significantly? If yes, thiscould be a
serious problem because to the amount the culvert is dented, thereis areduction in flow capacity.
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Rationale behind recommendations

Background on culvert/bridge sizing method

The pesk flow forest streams migp used in thistraining guide is based on gage data from smdll forest
streams. Both conventiona gage data and crest gage data was used as a source of information. In
developing the Department of Forestry's method, recurrenceinterva values (i.e. T year peak flows)
were estimated using the Log Pearson 111 digtribution in accordance with Bulletin 17 B guideines.

Gage information conssted of asmall population of long-term gages with alarger number of short-term
gages. For dl gages the 10-year annual peak flow was determined. For the long-term gages the 50-
year annua peak flow was determined. A ratio between the 50-year and 10-year peak flows was then
developed. Thisratio was gpplied to the short-term gage data to extend it out to a 50-year vaue. All
gage data was then plotted as points on amap of Oregon. From the point data, the iso lines of common
peak flow were drawn producing the peak flow for forest streams map.

The map and method was reviewed by Dr. Marvin Pyles and George Taylor from Oregon State
Univergity. In recent discussions, Chip Andrus indicated that the drawing of iso lines was generdly
sraightforward for most the state. However, in the Central and Northern Cascades gage data was
highly variable. Here, the iso lines were drawn to reflect median vaues and therefore the method under-
predicted peak flowsin some aress.

Other methods that are commonly used to estimate pesk flows for small forested watersheds are known
to not match well with gage data. The U.S. Geologica Survey methods will under-predicted peak
flowsin small forest watersheds because the equation was developed using data from both large and
smal watersheds. Small watersheds have heightened peak flows compared to large watersheds (when
expressed as cfs per square mile of drainage area) and the equation does not account very well for this.
The Campbd| method does not suffer from this problem but in comparisons with gage data the method
tends to under-predict pesak flows along the South Coadt, in areas east of Tillamook, and in the Siletz
River area. It tendsto over predict peaksin Columbia county and in parts of Eastern Oregon. The
SCS method is known to grosdy over-predict pesk flows for al areas of the Sate because it assumes
overland flow.

Because of the problems associated with other methods , the map method should be the primary
method used for road crossing design in small forested basins (i.e. basins less than 10 square miles). The
only exception to its use should be when gage datais available and directly applicable for predicting
pesk flowsfor agiven ingalation.
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Ancther considerdtion is that the ODF pegk flow map method (when used in concert with the culvert
gzing criteriain thisguide) is redly (in most cases) not a50 year design for integrity of stream crossing
fills. The method's criteria sizes culverts so that the flow at the 50 year pesk isright at the top of the
culvert (not athe top of thefill or a apoint of fill stability). In thisregards, this design criteriais
consarvative alowing for leeway in case partid culvert plugging or other problems occur. To
understand how conservative this design can be, a seven foot diameter round culvert with a 20 foot fill
height would pass a caculated 50 year flow of 262 cubic feet per second (cfs). However, if water was
alowed to build on the road fill up to 14 feet the flow capacity would change to 525 cfs. Thiswould be
well over the 100 year flood if the 50 year flood is 262 cfs. Another consarvative assumption isthe
ODF method assumes a projecting inlet as opposed to a mitered inlet or headwall inlet. A changein
inlet design from projecting to headwal can change flow capacity from 262 cfsto 310 cfs whichis
about a 100 year flow. After saying this, it should be stated thet there are many low fills with projecting
inlets that would have only margind increases in flow capacity.

In order to estimate the 100 year peak flow based on ODF 50 year maps, asmple ratio between the
100 year and 50 year peak can be cdculated and multiplied by the determined 50 year peak value.
Theratio can be determined from frequency didiributions or actuad gage data compilations. Inusing
gage compilations the range in the 100/50 ratio is from 1.07-1.23 for Coasta Oregon streams using
USGS pesk flow compilations. The smaller streams tend to have the higher ratio so a recommended
ratio would be 1.2 if converting to 100 year flows from 50 year flows. For Cascade and Valey
sreams the ratios inspected tend to be smilar. Using this method, if the peakflow determined from the
ODF method is 100 cfs the 100 year peakflow estimate would be 120 cfs,

Background on hydraulics of embedded culverts

As mentioned earlier most compilations of Mannings N vaues for roughness are derived during high
flows and Mannings N generally increases as streamflow decreases in natural streams. For this reason a
method had to be devel oped that could estimate the effect of roughness on mean velocity for lower
flows. Fortunatdly, a series of flume studies have been conducted and the results of saverd are givenin
Thorne and Zevenbergen (1985).

Equations used to cdculate mean velocity insde embedded culverts were chosen based on the rdative
“submergence”  Relative submergence (also called relative roughness) is the depth of flow of water
compared to the height and size of the boulders or cobbles present. If relative submergence was less
than 1.2 Bathurst's large scale roughness equation was used. I relative submergence was between 1.2
and 4 then Bathurdt's intermediate equation was used. Findly, if relative submergence was greeter than
4 then Hey's small scale roughness equation was used. The equations al appear in Thorne and
Zevenbergen (1985). Some agebraic manipulation had to be done to use them to solve for mean
velocity directly.
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These equations were then combined with culvert geometry rations into a Spreadsheet to examine the
various velocities and other hydraulic characteristics that occur insde a culvert during various

sreamflows. The equations based on empirica data from flume studies confirm the ideathat Manning's
N does indeed incresse as flow decreases (Figure 23).
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Figure 23. Variation of Mannings N with Flow for 10 foot diameter culvert
with dmax 15 inches and stream slope 6%.

In addition, caculations indicated that in order to get favorable average velocities inside the culvert
larger embedding materia needs to be used as dope increases (Figures 24 and 25). Inthisexample, a
10 foot diameter round culvert haf full of materid with a maximum diameter of 15 inches with other
amaller materia mixed in had average velocities below two feet per second for flow up to 15 cfsfor a
culvert with adope of 6% (Figure 25). Thiswas very smilar in performance to a culvert with six inch
material that had adope of 3% (Figure 24). In fact, the culvert estimates had average velocities less
than 4 feet per second even to flows as high a45 cfs. Since the occupied (where fish occupy) area
veocity should be much lessin aroughened channe of this nature, there is probably favorable velocity
conditions even for juveniles. This45 cfsflow corresponds to aflow that is gpproximatey 20% of the
50 year flow for 10 foot culvert haf full of sediment which should easily be grester than a 10 percent
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exeadence flow and aso give minima migration delays & this flow leve.
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Figure 24. Variation of average velocity with flow for 10 foot
diameter culvert with dmax 6 inches and slope 3%.
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Figure 25. Variation of average velocity with flow for a 10 foot
diameter culvert with dmax 15 inches and slope 6%



It appears that the materia Size gradation needed to render favorable hydraulicsis greeter than the sizing
needed to maintain bed sability as determined from U.S. Army Corp of Engineers (1994) methods for
szing riprap in artificid channds. The results from the culvert survey in Oregon (White, 1996) seem to
aso show materid being retained in actud culvertsthat is somewhat smdler than that needed to get
favorable hydraulics in these equations. From Figures 24 and 25, it appears that materid that isa
gradation that has alargest diameter particles around 15 inches would appear to be both stable and
produce favorable hydraulicsin culverts of up to six percent. For culverts of less gradient embedding
materid can be smdler.

Another indicator of favorable fish passage hydraulicsisto have overdl flow vaues be “ sub-critica (that
isa Froude Number less than one). According to the equations from Thorne and Zeberhagen it

appears that on average sub-critical flow predominates in flows up to 60 cfs for a 6% gradient culvert
with a 10 foot diameter haf full of sediment (Figure 26). This corresponds to approximately 25% of the
50 year flow capacity for this culvert type.
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Figure 26. Variation of Froude # with flow for a 10 foot diameter
culvert with dmax of 15 inches and a slope of 6%.
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Appendixes

Appendix A — ODFW Fish Passage Guidelines
Appendix B — ODFW Fish Passage Statutes
Appendix C — Interagency MOA

Appendix D — Proposed ODF Rule Guidance Regarding Fish
Passage

Appendix E — Step by Step Guide for Culverts placed flat and
for sunken embedded culverts.
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