Caltrans
Fish Passage Design for Road Crossings

APPENDIX B
CDFG CULVERT CRITERIA FOR FISH PASSAGE

NOTE: At the time of this update (August 2009), the CDFG Culvert Criteria For Fish Passage
(2002), has not been revised to reflect the elimination of the Active Channel Option and its
replacement with the Low-Slope Option. In April 2009, CDFG developed Part XII: Fish Passage
Design And Implementation of the California Salmonid Stream Habitat Restoration Manual.
This new part contains the Low-Slope Option design criteria, which essentially is a modification
of the old Active Channel strategy.

The differences in design criteria are shown in the table below:

Active Channel vs. Low-Slope

Active Channel Low-Slope
Culvert Width Minimum of 1.5 Times Minimum of 1.25 Times
Active Channel Width *Bankfull Width
Culvert Length 100 Feet or Less 75 Feet or Less
Culvert Slope 0% (Flat) Match Natural Stream
Slope
Channel Slope 3% or Less 1% or Less
Culvert Embedment Equal or <40% (Upstream) 000
20%-40% (Downstream) 20%-40% Throughout
Natural Recruitment
Bed Material (Backfill) (Length<50 feet)
Inside Culvert Natural Recruitment OR

Backfill With Native
(Length 50-75 feet)

Not Required Required

**Development of Long
Profile

*  See Figure 3-2 for presentation of bankfull width.

** See Figure 5.2 for Long Profile Example.

Appendix B — CDFG Culvert Criteria for Fish Passage
August 2009
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CULVERT CRITERIA FOR FISH PASSAGE
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For habitat protection, ecological connectivity should be a goal of stream-road
crossing designs. The narrowest scope of crossing design isto pass floods. The
next level isrequiring fish passage. The next level includes sizing the crossing for
sediment and debris passage. For ecosystem health, "ecological connectivity” is
necessary. Ecological connectivity includes fish, sediment, debris, other
organisms and channel/floodplain processes.
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1. Introduction

The following criteria have been adopted by the Cdifornia Department of Fish and Game (CDFG) to
provide for upstream fish passage at culverts. Thisisnot a culvert design manud, rather it is
supplementd criteriato be used by qudified professonds for the design of culverts that meet both
hydraulic and fish passage objectives while minimizing impacts to the adjacent aguetic and riparian
resources. The objective of these criteriais to provide unimpaired fish passage with agod of providing
ecologica connectivity.

Previous versons of the CDFG Culvert Criteriawere based on hydraulic design of culverts to match
the swvimming performance of adult anadromous sdmonids. This revision of the criteria has been
expanded to include condderations for juvenile anadromous salmonids, non-anadromous salmonids,
native non-samonids, and non-native fish. While criteriaare il included for the Hydraulic Design
Option, additiond criteria have been added for two new design options that are based on the principles
of ecological connectivity. The two additional desgn methods are the

Active Channed Option and the Stream Simulation Option.

The criteria contained in this document are based on the works of severd organizations including ate
and federa agencies, universities, private organizations and consulting professonas. These criteriaare
intended to be consgtent with the Nationd Marine Fisheries Service, Southwest Region (NMFS-
SWR) Guiddines for Sdmonid Passage & Stream Crossings, as well as being in generd agreement
with Oregon and Washington Departments of Fish and Wildlife culvert criteriafor fish passage. This
document is considered aWork in Progress and will be revised as new information warrants.

Variances from these criteria, including the use of other desgn methodol ogies for fish passage, may be
granted with the written gpprova of the Department of Fish and Game. At aminimum, the rationde for
the variance must be described and judtified in the request. Evauation and monitoring may be required
as acondition of any variance, to ensure that the requested variance does not result in areduced level
of protection for the aguatic resources.

2. Bridges, Culverts, and Low Water Crossings

The Catrans Highway Design Manua defines a culvert as* A closed conduit which alows water to
pass under a highway,” and in generd, has asingle span of less than 6.1 meters (20 feet) or multiple
goans totaling less than 6.1 meters. For the purpose of fish passage, the distinction between bridge,
culvert or low water crossing is not as important as the effect the structure has on the form and function
of the stream. To this end, these criteria conceptudly apply to bridges and low water crossings, aswell
asculverts.
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The primary factors that determine the extent to which fish passage will be impacted by the construction
of acrossing are: 1) the degree of condtriction the crossing has on the stream channdl; 2) the degree to
which the streambed is alowed to adjust verticdly; 3) the length of stream channel impacted by the
crossing, and; 4) the degree to which the stream velocity has been increased by the crossing. For
unimpaired fish passage it is desirable to have acrossng that is alarge percentage of the channe
bankfull width, allows for anaturd variation in bed devation, and provides bed and bank roughness
amilar to the upstream and downstream channdl.

In generd, bridges are preferred over culverts because they typicaly do not congtrict a stream channdl
to as great adegree as culverts and usudly dlow for vertica movement of the streambed. Bottomless
culverts may provide a good adternative for fish passage where foundation conditions alow thelr
congtruction and width criteria can be met. In dl cases, the verticd and laterd stability of the stream
channel should be taken into consderation when designing a crossing.

3. Application of Criteria

These criteriaare intended to apply to new and replacement culverts where fish passageislegaly
mandated or is otherwise important to the life higtories of the fish and wildlife that utilize the streem and
riparian corridor. Not al stream crossings may be required to provide upstream fish passage, and of
those that do, some may only require passage for specific species and age classes of fish.

Where existing culverts are being modified or retrofitted to improve fish passage, the Hydraulic Design
Option criteria should be the design objective for the improvements. However, it is acknowledged that
the conditions that cause an exigting culvert to impair fish passage may dso limit the remediesfor fish
passage improvement. Therefore, short of culvert replacement, the Hydraulic Design Option criteria
should be the goa for improvement and not the required design threshold.

To determine the biologica considerations and gpplicable criteriafor aparticular culvert site, the
project sponsors should contact the Department of Fish and Game, the Nationd Marine Fisheries
Service (for projects in marine and anadromous weters) and the U.S. Fish and Wildlife Service (for
projects in anadromous and fresh waters) for guidance.

It isthe respongihility of the project sponsor to obtain the most current version of the culvert criteriafor
fish passage. Copies of the current criteria are available from the Department of Fish and Game
through the appropriate Regiond office, which should be the first point of contact for any stream
crossing project. Addresses and phone numbers for the Cdifornia Department of Fish and Game
Regiond Offices are shown in Table 1.

Culvert Criteriafor Fish Passage 3 Revised: May 2002



California Dept of Fish and Game Regional Offices

Region Address Phone Number
Northern Cdifornia- 601 Locust Street (530) 225-2300
North Coast Region Redding, CA 96001
Sacramento Valley - 1701 Nimbus Drive (916) 358-2900.
Central SerraRegion Rancho Cordova, CA 95670
Centra Coast Region 7329 Silverado Trall (707) 944-5500

P.O. Box 47

Yountville CA 94599

San Joaguin Vdley- 1234 E. Shaw Avenue (559) 243-4005
Southern Serra Region Fresno, CA 93710 x151
South Coast Region 4649 Viewridge Avenue (858) 467-4200.

San Diego, CA 92123

Eastern Serra - 4775 Bird Farm Road (909) 597-9823.
Inland Deserts Region Chino Hills, CA 91709

Tablel

4. Design Options

All culverts should be designed to meet gppropriate hydraulic capacity and structurd integrity criteria
In addition, where fish passage is required, the culvert shall be designed to meet the criteria of the
Active Channd Design Option, Stream Simulation Design Option or the Hydraulic Design Option for
Upstream Fish Passage. The suitability of each design optionisshownin

Table 2.
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Allowable Design Options
Active Channe Hydraulic Hydraulic
Design Option Design Option Capacity &
(Section 5) or For Upstream Structural
Stream Simulation | Fish Passage Integrity
Fish Passage Design Option (Section 7)
Requirement (Section 6)
Adult Anadromous Salmonids X X
Adult Non-Anadromous Salmonids X X
Juvenile SAmonids X X
Native Non-Samonids X Conditional based
on species
NOﬂ-Native Spaﬂ% X SN| mm”fg daa
Fish Passage Not Required X X
Table?2

5. Active Channel Design Option

The Active Channd Design Ogption is a smplified desgn method that is intended to Sze acrossing
aufficiently large and embedded deegp enough into the channd to alow the naturd movement of bedload
and formation of a stable streambed insde the culvert. Determination of the high and low fish passage
design flows, water velocity, and water depth is not required for this option since the stream hydraulic
characterigtics within the culvert are intended to mimic the stream conditions upstream and downstream
of the crossing.

The Active Channel Design Option is suitable for the following conditions:
. New and replacement culvert ingtdlations
. Simple ingalations with channd dopesless than 3%
. Short culvert length (less than 100 feet)
. Passage required for al fish
Culvert Setting & Dimensions- Figure 1

. Culvert Width - The minimum culvert width shal be equd to, or greeter than,
1.5 times the active channd width.

. Culvert Sope - The culvert shal be placed level (0% dope).
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. Embedment - The bottom of the culvert shal be buried into the streambed not less
than 20% of the culvert height a the outlet and not more than 40% of the culvert height
at theinlet. Embedment does not gpply to bottomless culverts.

See Section 8 for additional condderations, conditions, and restrictions for dl designs options.

Road Fill

Embed < 40 % at
Upstream End

Embed 20% to 40%
at Downstream End \* Stream Flow

Culvert Placed Level

Cublert Width > 1.5 Times
Natural Channel the Active Channel Width
Cross-Section

Acive

~ Zhs~ne

: (.)-L.llvert Embedment

Figure 1 - Active Channel Design Option

6. Stream Simulation Design Option

The Stream Simulation Design Option is a design process that isintended to mimic the naturd stream
processes within a culvert. Fish passage, sediment trangport, flood and debris conveyance within the
crossing are intended to function asthey would in anatural channd. Determination of the high and low
fish passage design flows, water velocity, and water depth is not required for this options snce the
gream hydraulic characteristics within the culvert are designed to mimic the stream conditions upstream
and downgtream of the crossing.
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Stream smulation crossings are Sized aswide, or wider than, the bankfull channd and the bed ingde the
culvert isdoped at agradient smilar to that of the adjacent stream reach. These crossings are filled
with a streambed mixture that is resstant to erosion and is unlikely to change grade, unless specificdly
designed to do so. Stream simulation crossings require a greater level of information on hydrology and
topography and a higher levd of engineering expertise than the Active Channel Design Option.

The Stream Simulation Design Option is suitable for the following conditions.

New and replacement culvert ingdlations

Complex ingdlations with channd dopes less than 6%
Moderate to long culvert length (greater than 100 feet)
Passage required for al fish

Ecologica connectivity desired

Culvert Setting & Dimensions - Figure 2

Culvert Width - The minimum culvert width shal be equd to, or greater than, the bankfull
channd width. The minimum culvert width shal not be less than 6 feet.

Culvert Slope - The culvert dope shdl approximate the dope of the stream through the reach
inwhichit isbeing placed. The maximum dope shal not exceed 6%.

Embedment - The bottom of the culvert shal be buried into the streambed not ess than 30%
and not more than 50% of the culvert height. Embedment does not apply to bottomless
culverts.

Subgtrate Configuration and Stability

Culverts with dopes greater than 3% shall have the bed insde the culvert arranged into
asriesof step-poolswith the drop at each step not exceeding the limits shown in
Table7.

Smooth walled culverts with dopes grester than 3% may require bed retention sills
within the culvert to maintain the bed stability under evated flows.

The gradation of the native streambed materia or engineered fill within the culvert shdl
address gability at high flows and shdl be wel graded to minimize intertitia flow
through the stream bed materid.

See Section 8 for additional condderations, conditions, and restrictions for dl designs options.
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Read Fill

Culvert Slope same WA

as Channel Slope Stream Flow
V am Tow

Culvert Embedded 30 to
50% for Full Length

Natural Channel
Cross-Section

Native Streambed Material
or Engineered Fill

Figure 2 - Stream Simulation Design Option

7. Hydraulic Design Option

The Hydraulic Design Option is a design process that matches the hydraulic performance of a culvert
with the swvimming abilities of atarget species and age class of fish. This method targets distinct goecies
of fish and, therefore, does not account for ecosystem requirements of non-target species. There can
be significant errors associated with estimation of hydrology and fish swvimming speeds that are
mitigated by making conservative assumptions in the design process. Determination of the high and low
fish passage design flows, water velocity, and water depth are required for this option.

The Hydraulic Design Option requires hydrologic data andys's, open channe flow hydraulic
cdculations and information on the swvimming ability and behavior of the target group of fish. This
design option can be gpplied to the design of new and replacement culverts and can be used to evad uate
the effectiveness of retrofits for existing culverts.
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The Hydraulic Design Option issuitable for the following conditions:

. New, replacement, and retrofit culvert ingdlations
. Low to moderate channd dopes (less than 3%)

. Active Channd Design or Stream Simulation Optionsis not physcdly feesble
. Swimming ability and behavior of target species of fish isknown

. Ecologica connectivity not required
. Evauation of proposed improvements to existing culverts
Hydrology

. High Design Flow for Fish Passage - The high design flow for fish passageisused to
determine the maximum water velocity within the culvert. Where flow duration detaiis avalable
or can be synthesized, use the vaues for Percent Annua Exceedance FHow shown in Table 3.
If flow duration datais not available the vaues shown for Percentage of 2-yr Recurrence

Interva Flow may be used as an dternative.

High Design Flow for Fish Passage
Percent Annual Per centage of
Exceedance Flow 2-yr Recurrence
SpeciedLife Stage Interval Flow
Adult Anadromous Salmonids 1% 50%
Adult Non-Anadromous Salmonids 5% 30%
Juvenile SAmonids 10% 10%
Native Non-Samonids 5% 30%
Non-Native Species 10% 10%
Table3

. L ow Design Flow for Fish Passage - The low design flow for fish passageis used to
determine the minimum depth of water within a culvert. Where flow duration datais available
or can be synthesized, use the values for Percent Annual Exceedance Flow shown in Table 4.
If the Percent Annua Exceedance Flow is determined to be less than the Alternate Minimum
Flow, usethe Alternate Minimum FHow. If flow duration datais not available the vaues shown

for Alternate Minimum Flow may be used.

Culvert Criteriafor Fish Passage
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L ow Design Flow for Fish Passage
Per cent Annual Alternate
Exceedance Flow Minimum Flow

SpeciedLifestage (cfs)

Adult Anadromous Samonids 50% 3

Adult Non-Anadromous Samonids 90% 2

Juvenile Sdmonids 95% 1

Native Non-Samonids 90% 1

Non-Native Species 90% 1

Table4

Hydraulics
. Maximum Average Water Veocity in Culvert (At high design flow) - Where fish passage

is required the average water velocity within the culvert shal not exceed the vaues shown in

Tables5 & 6.
. Minimum Water Depth in Culvert (At Low Desgn Flow) - Where fish passage is required

the minimum water depth within the culvert shdl not be less than the values shown in Tables 5.

Maximum Average Water Velocity
and Minimum Depth of Flow

Maximum Average

Minimum Flow

Water Velocity Depth
Species/Lifestage (fps) (ft)
Adult Anadromous Salmonids See Table 6 1.0
Adult Non-Anadromous Samonids See Table 6 0.67
Juvenile Saimonids 1 0.5

Native Non-Samonids

Non-Native Species

Species specific swimming performance data
isrequired for the use of the hydraulic design
option for non-samonids. Hydraulic design
isnot alowed for these species without this
data.

Culvert Criteriafor Fish Passage
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Culvert Length vs Maximum Average Water Velocity
for Adult Salmonids
Culvert Length Adult Non-Anadromous Adult Anadromous
(fo) Sdmonids Sdmonids

(fps) (fps)
<60 4 6
60-100 4 5
100-200 3 4
200-300 2 3
>300 2 2

Table6

Maximum Outlet Drop - Hydraulic drops between the water surface in the culvert to the

pool below the culvert should be avoided for dl cases. Where fish passage isrequired and a
hydraulic drop is unavoidable, it's magnitude should be evauated for both high design flow and
low design flow and shdl not exceed the values shown in Table 7. If ahydraulic drop occurs at
the culvert outlet, ajump pool of at least 2 feet in depth shal be provided.

Maximum Drop at Culvert Outlet

Species/Lifestage Maximum Drop (ft)
Adult Anadromous Samonids 1
Adult Non-Anadromous Samonids 1

Juvenile SAmonids

0.5

Native Non-Saimonids

Where fish passage is required for native
non-salmonids no hydraulic drop shal be
alowed at the culvert outlet unlessdataiis

Non-Native Species

presented which will establish the legping
ability and legping behavior of the target
pecies of fish.

Culvert Criteriafor Fish Passage
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Hydraulic Controls - Hydraulic controls (e.g. boulder weirs, log silis, etc.) in the channe
upstream and/or downstream of a crossing can be used to provide a continuous low flow path
through the crossing and stream reach. They can be used to facilitate fish passage by
edtablishing the following desirable conditions:

. Control depth and water velocity within the crossing

. Concentrate low flows

. Provide resting pools upstream and downstream of the crossing
. Control erosion of the streambed and banks

Bafflesand Weirs - Baffles or weirs shdl not be used in the design of new or replacement
culvertsin order to meet the hydraulic design criteria

Adver se Hydraulic Conditions - The following hydraulic conditions are generaly consdered
to be detrimental to efficient fish passage and should be avoided. The degree to which they
impede fish passage depends upon the magnitude of the condition. Crossings designed by the
Hydraulic Design Option should be evauated for the following conditions at high design flow

for fish passage:

. Super critica flow

. Hydraulic jumps
. Highly turbulent conditions
. Abrupt changes in water surface elevation at inlet and outlet

Culvert Setting & Dimensions

Culvert Width - The minimum culvert width shal be 3 feat.

Culvert Slope - The culvert dope shal not exceed the dope of the stream through thereach in
which the crossing isbeing placed. If embedment of the culvert is not possible, the maximum
dope shal not exceed 0.5%.

Embedment - Where physicdly possible, the bottom of the culvert shal be buried into the
streambed a minimum of 20% of the height of the culvert below the eevation of the tailwater
control point downstream of the culvert. The minimum embedment should be at least 1 foot.
Where physica conditions preclude embedment, the hydraulic drop at the outlet of a culvert
shdl not exceed the limits specified above.

See Section 8 for additiona considerations, conditions, and restrictions for al designs options.
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8. Considerations, Conditions, and Restrictions for All Designs Options

. Anadromous Salmonid Spawning Areas - The hydraulic design method shdl not be used for
new or replacement culverts in anadromous salmonid spawning aress.

. High Design Flow for Structural Integrity - All culvert stream crossings, regardless of the
design option used, shall be designed to withstand the 100-yr peak flood flow without
gructurd damage to the crossing. The andysis of the structurd integrity of the crossing shdl
take into consderation the debris loading likely to be encountered during flooding.

. Headwater Depth - The upstream water surface eevation shall not exceed the top of the
culvert inlet for the 10-yr pesk flood and shdl not be greater than 50% of the culvert height or
diameter above the top of the culvert inlet for the 100-yr pesk flood.

. Oversizing for Debris - In some cases, ismay be necessary to increase the size of a culvert
beyond that caculated for flood flows or fish passage in order to pass flood borne debris.
Where thereis sgnificant risk of inlet plugging by flood borne debis, culverts should be
designed to pass the 100-yr peak flood without exceeding the top of the culvert inlet.
Overszing for flood borne debris may not be necessary if a culvert maintenance agreement has
been effected and the culvert inlet can be safely accessed for debris remova under flood flow
conditions.

. Inlet Trangitions- A smooth hydraulic transition should be made between the upsiream
channel and the culvert inlet to facilitate passage of flood borne debris.

. Interior [llumination -Naturd or artificid supplementa lighting shdl be provided in new and
replacement culvertsthat are over 150 feet in length. Where supplementa lighting is required,
the spacing between light sources shall not exceed 75 feet.

. Adver se Conditionsto be Avoided:
. Excessive skew with stream adignment
. Changesin dignment within culvert
. Trash racks and livestock fences
. Redignment of the naturd stream channd
. Multiple culverts - Multiple culverts are discouraged where the design criteria can be met

with asingle culvert. If multiple culverts are necessary, amulti-barreled box culvert is preferred
over multiple individud culverts. Site specific criteriamay apply to multiple culvert ingalations.

. Bottomless Culverts - Bottomless culverts are generally considered to be a good solution
where fish passageis required, so long as culvert width criteria are met and the culvert footings
are deep enough to avoid scour exposure. Site specific criteriamay apply to bottomless
culvertsingdlaions
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9. Culvert Retrofits for Fish Passage

Culvertsthat have fish passage problems were generdly designed with out regard for fish passage.
While these culverts may convey the stream flow, they are often undersized for the watershed
hydrology, stream fluvia processes, have been placed at a dope that istoo steep for fish passage, or
have had the outlet raised above the channd bed in order to control the water velocity in the culvert.
Mogt of these problems arise from the culvert being undersized. For undersized culvertsit is difficult, if
not impaossible, to meet the objective of unimpaired fish passage without replacing the culvert or adding
additiond culverts. However, in many cases, fish passage can be significantly improved for some
gpecies and life sages without fully meeting the hydraulic criteriafor new culverts. In some casesa
modest improvement in hydraulic conditions can result in asgnificant improvement in fish passage.

Where existing culverts are being modified or retrofitted to improve fish passage, the Hydraulic Design
Option criteria should be the design objective for the improvements. However, it is acknowledged that
the conditions that cause an exigting culvert to impair fish passage may dso limit the remediesfor fish
passage improvement. Therefore, short of culvert replacement, the Hydraulic Design Option criteria
should be the goa for improvement and not the required design threshold.

A protocol for fish passage evauation & exigting culvertsis included in the Department of Fish and
Game's Cdifornia Sdmonid Stream Habitat Restoration Manuad. This manud aso includes information
on methods for improving fish passage a road crossings.

Fish passage through existing non-embedded culverts may be improved through the use of gradient
control weirs upstream or downstream of the culvert, interior baffles or weirs, or in some cases, fish
ladders. However, these measures are not a subgtitute for good fish passage design for new or
replacement culverts.

. Gradient Control Wairs

. Downstream Channel - Control weirs can be used in the channd downstream of the
culvert outlet to provide backwater through the culvert or to reduce an excessive
hydraulic drop a aculvert outlet. The maximum drop at the culvert outlet shal not
exceed the valuesin Table 7.

. Upstream Channd - Control weirs can be used in the channel upstream of a culvert
inlet to re-grade the bed dope and improve fish exit conditions.

. Hydraulic Drop - Theindividuad hydraulic drop across asingle control weir shal not
exceed the vauesin Table 7, except that boulder weirs may drop 1 foot per weir for al
sdmonids, induding juveniles.
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. Baffles - Baffles may provide incrementad fish passage improvement in culverts with excess
hydraulic capacity that can not be made passable by other means. Baffles may increase
clogging and debris accumulation within the culvert and require specia design considerations
specific to the baffle type.

. Fishways - Fishways are generdly not recommended, but may be useful for some Situations

where excessive drops occur a a culvert outlet. Fishways require specialized ste specific
design for each ingtdlation.
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11. Select Definitions

Thefollowing definitions are provided for clarification of the terms used in this document and the
context in which they are used. They are not necessarily definitions as established by case or statutory
law, or definitions used for other purposes.

Active Channel: The active channd or ordinary high water leve is an eevation delineating the highest
water leve that has been maintained for a sufficient period of time to leave evidence on the landscape,
such as the point where the natura vegetation changes from predominantly aguetic to predominantly
terrestria or the point at which the cleanly scoured substrate of the stream ends and terrestria
vegetation begins,

Anadromous Fish: A group of fish that migrate from the ocean into fresh water to breed. Includes
sdmon and stedhead, as well as many other fish.

Bankfull Channd: The channd defined by the bankfull discharge, which isthe discharge that fillsa
gable dluvid channd up to the eevation of the active floodplain. Identification of the bankfull channel
should be basad on the determination of the minimum channd width to depth ratio determined from
cross sectiona measurements of stable channel reaches up and downstream of the proposed culvert
location.

Baffles: Wood, concrete or meta panels mounted in a series on the floor and/or wall of a culvert to
increase boundary roughness and thereby reduce the average water velocity in the culvert.

Culvert Entrance: The downstream end of a culvert through which afish enters to pass upstream.
Culvert Exit: The upstream end of a culvert through which afish exit to pass upsiream.

Culvert Inlet: The upstream end of a culvert through which stream flow enters.

Culvert Outlet: The downstream end of a culvert through which stream flow discharges.

Embedment: The depth to which a culvert bottom is buried into the streambed. 1t isusualy expressed
as a percentage of the culvert height or diameter.

Fishway: A gructure for passing fish over verticd impediments. It may include specid attraction
devices, entrances, collection and transportation channedls, afish ladder, and exit.

Flow Duration (a.k.a. Annual Exceedance Flow): A flow duration curve describes the naturd flow
characterigtics of astream by showing the percentage of time that aflow is equd to or greater than a
given vaue during a specified period,(annua, month, or migratory period.) Flow exceedance values
are important for describing the flow conditions under which fish passage is required.
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Gradient Control Weirs: Stabilizing weirs congtructed, in the streambed to prevent lowering of the
channd bottom.

Hydraulic Controls. Weirs, congtructed primarily of rock or logs, in the channd below a culvert for
the purpose of controlling water depth and water velocity within the crossing.

Hydraulic jump: An abrupt trangtion in streamflow from shallow and fast (supercritica flow) to deep
and dow (subcriticd flow).

Maximum Average Water Velocity in Culvert: The highest average water velocity for any cross-
section adong the length of the culvert, excluding the effects of water surface drawdown at the culvert
outlet.

Recurrence Interval: Also referred to as flood frequency, or return period; it is the average time
interval between actua occurrences of a hydrologica event of a given or grester magnitude. A flood
event with a 2 year recurrence interva has a 50% chance of occurring in any given yesr.

Salmonids. A taxonomic group of fish that includes, among others, sdmon and trout.

Supercritical Flow: Fast and shdlow flowing water thet is usualy associated with a hydraulicaly
steep, smooth surface.

Weirs: A smdl dam that causes water to back up behind it and flow over or through it. Often hasa
notch used to control or regulate flows over it.
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