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Symbols and Abbreviations

The following symbols and abbreviations, and others approved for the Système International d'Unités (SI), are used in Habitat and Restoration Division Manuscripts, Technical Reports, and Special Publications without definition.  All others must be defined in the text at first mention, as well as in the titles or footnotes of tables and in figures or figure captions.

	Weights and measures (metric)
	

	centimeter
	cm

	deciliter
	dL

	gram
	g

	hectare
	ha

	kilogram
	kg

	kilometer
	km

	liter
	L (see Gregg 537)

	meter
	m

	metric ton
	mt

	milliliter
	ml

	millimeter
	mm


	Weights and measures (English)
	

	cubic feet per second
	ft3/s

	foot
	ft

	gallon
	gal

	inch
	in

	mile
	mi

	ounce
	oz

	pound
	lb

	quart
	qt

	yard
	yd

	Spell out acre and ton.


	Time and temperature
	

	day
	d

	degrees Celsius
	°C

	degrees Fahrenheit
	°F

	hour (spell out for 24-hour clock)
	h

	minute
	min

	second
	s

	Spell out year, month, and  week.


	Physics and chemistry

	all atomic symbols
	

	alternating current
	AC

	ampere
	A

	calorie
	cal

	direct current
	DC

	hertz
	Hz

	horsepower
	hp

	hydrogen ion activity
	pH

	microsiemens per centimeter
	(S/cm

	parts per million
	ppm

	parts per thousand
	ppt, ‰

	volts
	V

	watts
	W


	General
	

	All commonly accepted abbreviations.
	e.g., Mr., Mrs., a.m., p.m., etc.

	All commonly accepted professional titles.
	e.g., Dr., Ph.D., R.N., etc.

	And
	&

	At
	@

	Compass directions:
	

	east
	E

	north
	N

	south
	S

	west
	W

	Copyright
	(

	Corporate suffixes:
	

	Company
	Co.

	Corporation
	Corp.

	Incorporated
	Inc.

	Limited
	Ltd.

	et alii (and other people)
	et al.

	et cetera (and so forth)
	etc.

	exempli gratia (for example)
	e.g.,

	id est (that is)
	i.e.,

	latitude or longitude
	lat. or long.

	monetary symbols (U.S.)
	$, ¢

	months (tables and figures): first three letters
	Jan,...,Dec

	number (before a number)
	# (e.g., #10)

	pounds (after a number)
	# (e.g., 10#)

	registered trademark
	(

	Trademark
	(

	United States (adjective)
	U.S.

	United States of America (noun)
	USA

	U.S. state and District of Columbia abbreviations
	use two-letter abbreviations (e.g., AK, DC)


	
Mathematics, statistics, fisheries

	alternate hypothesis
	HA

	base of natural logarithm
	e

	catch per unit effort
	CPUE

	coefficient of variation
	CV

	common test statistics
	F, t, (2, etc.

	confidence interval
	C.I.

	correlation coefficient
	R (multiple)

	correlation coefficient
	r (simple)

	covariance
	cov

	degree (angular or temperature)
	°

	degrees of freedom
	df

	divided by
	÷ or / (in equations)

	equals
	=

	expected value
	E

	fork length
	FL

	greater than
	>

	greater than or equal to
	(

	harvest per unit effort
	HPUE

	less than
	<

	less than or equal to
	(

	logarithm (natural)
	ln

	logarithm (base 10)
	log

	logarithm (specify base)
	log2,  etc.

	mideye-to-fork
	MEF

	minute (angular)
	'

	multiplied by
	x

	not significant
	NS

	null hypothesis
	HO

	percent
	%

	probability
	P

	probability of a type I error (rejection of the null hypothesis when true)
	(

	probability of a type II error (acceptance of the null hypothesis when false)
	(

	second (angular)
	"

	standard deviation
	SD

	standard error
	SE

	standard length
	SL

	total length
	TL

	variance
	Var


Technical report no. 03-02

INTRODUCTION

Goal

The purpose of this project is to increase salmon production in watersheds where culvert barriers to movement are limiting habitat use.  To achieve this goal it is necessary to develop a methodology for inventorying and assessing culverts as to their capacity to provide fish passage.     The primary objective is to identify culverts that are fish passage barriers on the Kenai Peninsula of southcentral Alaska and use this information to direct resources to restore fish passage, and thereby open access to unused or underused habitats to resident and anadromous fish.

Background

The potential for culverts at stream-road crossings to block or impede fish movement has long been recognized, but the extent of this problem has only recently started to be documented.  Concerns over culvert barriers to fish movement have led to an increasing number of assessments to document the severity of the problem.   While primary attention on fish migration barriers in the Pacific Northwest (PNW) has focused on hydroelectric dams, an increasing number of studies are demonstrating that habitat losses attributable to culvert barriers may also be seriously limiting available upstream habitats (Beechie et al. 1994).  For example, fish presence studies in PNW coastal basins showed that 96 percent of barriers were culverts at stream-road crossings (NRCI 1997).  In a comprehensive review of fish passage assessments conducted on U.S. Forest Service and Bureau of Land Management roads crossings in Washington and Oregon, the General Accounting Office (GAO 2001) documented that approximately 55 percent of culverts were fish barriers.  While it is widely assumed that culvert barriers to fish migration significantly limit overall fish habitat, there have been few studies documenting landscape-level habitat losses.  Notable exceptions include studies conducted in Washington state (Beechie et al 1994; Beamer et al. 1998; Pess et al. 1998) and Idaho (Scully et al. 1990).  In Washington State losses of summer rearing habitat of coho salmon due to culvert barriers in the Skagit and Stillaguamish River basins totaled 30-58 percent (Beechie et al. 1994; Pess et al. 1998).  Removal of such barriers may well be the best and most efficient expenditure of resources aimed at restoring stream habitats (Roni et al. 2002).

There is a general perception that Alaska does not share in the dramatic losses of habitat associated with hydroelectric dams in the Pacific Northwest, however, while large hydroelectric facilities are not currently an issue in Alaska (but see Boltwood 2001), cumulative impacts of habitat losses due to culverts are likely substantial.  Initial efforts to document culvert barriers to fish movement in Alaska indicate that the frequency of barriers is similar to that found in Oregon and Washington.  Recent barrier assessments conducted on 2,705 stream crossings across the Tongass National Forest found 41 percent of all crossings were assumed not to meet passage requirements with 78 percent of these culverts occurring on non-anadromous streams while 22 percent occurred on anadromous streams (USDA 2001).  Preliminary assessments of crossings on Kenai Peninsula logging roads conducted in 1999 indicate approximately 60(?) percent of culverts were inadequate to pass fish while preliminary assessments of selected culverts in the Matanuska and Susitna valleys of southcentral Alaska indicate that 50(?) percent of culverts were inadequate to pass fish (personal communication, Steve Albert, ADF&G Habitat and Restoration Division, or cite manuscript in prep.?).  

Study Objectives

The prevalence of barriers and impediments to fish movement indicated above provided the stimulus for the current study to develop and apply methods for inventorying and assessing fish passage characteristics of culverts.  Objectives of the current study include:

· Adapting and developing culvert fish passage assessment methods currently in use on the Tongass National Forest for use on culverts in southcentral Alaska.

· Collect data required for assessing fish passage at culverts throughout the Kenai Peninsula.

· Determine fish passage status of Kenai Peninsula culverts using indicator criteria (classification into red, gray, green categories), and for those culverts whose barrier status is not discerned, conduct a hydraulic analysis using FishXing software program.

· Make recommendations for the development of a statewide inventory and assessment methodology for culverts.

METHODS

Study area

Culvert inventory and fish passage assessment activities focused primarily on the State road system on the Kenai Peninsula although a small number of culverts were surveyed on municipal and borough roads.  Previous culvert surveys had been conducted on logging roads on State lands in 1998 (personal communication, Steve Albert, ADFG) and so those areas were excluded from consideration.  Culverts occurring on non-fish bearing streams were also not surveyed during this project, as fish passage is not a primary concern in these systems.  

Locating culverts

Culverts were located based either on prior identification of stream-road crossings on black and white copies of ADFG Anadromous Waters Catalog (AWC) Maps (1:63,360 scale), USGS topographic maps (1:25,000 or 1:63,000 scale), Alaska Road and Geographic Maps( (1:63,360 scale), and Trails Illustrated Maps (1:105,600 scale) or by field inspection using topographic and vegetation indicators of the presence of a stream.  Fish bearing status of streams was determined based upon the AWC database indicated above.  For those streams not included in the AWC, but appeared capable of supporting fish (pool-riffle development, stream wetted width greater than 0.5-1.0 m, channel gradient less than 20%), occurrence of fish was determined using minnow traps baited with cured salmon roe, which were set above and below the crossing for a minimum of 0.5 hours.  If no fish were captured, the stream was considered non fish-bearing, and the culvert was not surveyed.  

Geographic locations of culverts were marked on the above maps, and GPS coordinates were recorded on field data forms.   Latitude and longitude were estimated using a non-differentially corrected Garmin GPSIII Plus receiver.  Stream crossing coordinates were later imported into ArcView and projected to Albers Alaska and NAD27 map datum.  The ArcView project was later used to facilitate computation of input parameters for estimation of hydrologic characteristics of the catchment above each culvert (see FishXing Inputs below).  Other location information recorded included: legal location, stream name, watershed, crossing id, road name, and milepost number when available.  Stream crossing were identified with a three-digit number starting at the first crossing surveyed (crossing 001), and incrementing sequentially.

Data Management

Field data was recorded on forms printed on water resistant paper (Appendix X) and following the field season data was entered into a Microsoft Access( database.  Although the database was programmed to prevent many common data entry errors, data was later quality checked to further ensure that errors were detected and then corrected.  The MS Access database includes utilities for data entry, computation of elevations, stream discharge, fish passage “Level 1” computation (see below), and generation of a report listing all data collected at each site.

Fish Passage Criteria

The primary objective of this study is the evaluation of fish passage through culverts, which is a complex issue as detection of actual fish passage is difficult to measure.  Thus, fish passage is usually evaluated based upon models that predict fish passage through culverts in a variety of situations.  These models require many assumptions regarding the species and life stages of interest, the period(s) of the year when passage is required, the swimming abilities of fish, and the low and high flow characteristics of the catchment above the culvert.  Fish passage evaluation of each culvert was inferred based upon a two-tiered analysis approach.  The first approach, “Level 1” had relatively low data requirements and was meant to function as a coarse-filter, identifying culverts that were highly likely to be fish passage barriers or highly unlikely to be barriers.  Those culverts for which fish passage was not readily estimated based on “Level 1” indicators were flagged for further analysis using detailed hydraulic methods.  

Level 1 – Course Filter

Culverts were evaluated based upon fish passage criteria (see Appendix X) developed for juvenile salmonids.  These criteria were originally developed by a working group consisting of U. S. Forest Service and Alaska Departments of Fish and Game and Transportation and Public Facilites personnel, and are currently in use on the Tongass National Forest (Flanders and Carriello 2000; USDA 2001).  These criteria were adapted for use in southcentral Alaska by ADOT&PF and ADFG personnel for use in the current study, and allow determination of three fish passage categories based upon a limited set of parameters, which include:

· Crossing structure type – (see first column of Table 1)

· Culvert gradient – ((inlet elevation  - outlet elevation) ( culvert length)

· Encroachment ratio – (width of culvert ( width of upstream channel)

· Outfall perch height – (elevation at bottom of culvert outlet – elevation of first downstream control; flow independent)

The above criteria are used as indicators of passage, and when combined in the matrix found in Table 1, function as a course-filter approach for inferring juvenile coho salmon passage based upon the combination of values that, if present together, permit fish passage for juveniles through the range of stream crossing types.  The assumptions the above criteria were based on are conservative and were based upon the best available information.  The three fish passage categories include: “green” conditions assumed adequate for fish passage, “gray” require further hydraulic analysis (e.g., FishXing, HECRAS, etc.), and “red” conditions assumed not adequate for fish passage (hereafter termed RGG analysis).  For example a low gradient culvert (associated with low water velocity) with high encroachment ratio (culvert width approximately equal to channel width) and no outfall would be rated “green” while a high gradient culvert (associated with high water velocity) with low encroachment ratio (culvert width much less than streams width) and high outfall height would be rated “red”.  The RGG analysis was computed using a program in the MS Access database (see Appendix X for programming code).

Figure 1.  Analysis process for estimating fish passage through culverts.
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Level 2 – Hydraulic Analysis

To evaluate passage for culverts rated as “gray” in the RGG analysis, FishXing, a hydraulic analysis tool that calculates velocities and depths throughout the culvert pipe for a specific flow, and compares these values to default or user-specified swimming abilities and depth requirements for the fish species of interest.  In the case of crossings with multiple culverts present where the inlet and outlet conditions are not approximated the same, additional analysis is necessary using a detailed hydraulic program (HECRAS, etc.) to account for complex inlet and outlet conditions.  For those multiple culvert crossings with approximately equal inlet and outlet conditions, each pipe is analyzed separately in FishXing as described below.

FishXing Inputs

Required inputs for FishXing analysis include: fisheries information such as fish species, life stage, and migration season; culvert information, which includes culvert type, height, width, length, slope, corrugation size, whether embedded, inlet type; tailwater options include outlet pool water surface, pool bottom elevations, and channel shape downstream of the culvert (allows estimation of tailwater elevations at different discharges); and hydrologic criteria including high and low passage flows.  In order for FishXing to provide accurate and useful output, it is essential that high quality data and good judgment be used when providing required inputs.  

Fisheries inputs.-  Analyses were conducted for each culvert using both and adult and juvenile design fish.  While it is generally assumed that if passage is provided for juvenile, weaker swimming fish that passage would be assured for adult, stronger swimming fish.  However, this assumption does not account for the greater water depth required for adult passage.  This requires separate analyses for each design fish with minimum water depth inputs set to 0.2 ft for juvenile fish and 1.0 ft for adult fish.  These values were calculated based upon criteria described in the Memorandum of Agreement (MOA) between the ADF&G and ADOT&PF (SOA 2001).  The fish species inputs for FishXing depended on whether the stream was considered to support anadromous or resident fish, which was determined based upon the methods outlined above under Locating Culverts.  For those streams supporting anadromous species, the analysis species or “design fish” was a 55 mm coho salmon.  For streams considered to support only resident species (primarily Dolly Varden), Arctic grayling was used as the “design fish”.  Both species are thought to be weak swimmers, and because much of the data available on capabilities of weak swimming fish is for Arctic grayling, while little exists for Dolly Varden, Arctic grayling was selected as the “design fish”.  Although it is important to consider the period of the year when determining which species may be most impacted by passage barriers, this input is not required in FishXing and is not used in calculations.  For example when determining the low passage flow input, one should consider that juvenile coho salmon migrate upstream into overwintering habitats during this period when stream flows are often at their lowest.  In this case it may be desirable to choose a low passage flow from hydrologic models (i.e. Curran and Meyer 2003) that is calculated for the period of juvenile coho salmon migration (August – October).  To account for reduced water velocities due to roughness along the edge and sides of the culvert, a velocity reduction factor was used.  For culverts having corrugation depth of 2 inches, velocity reduction factors of 0.8, 0.6, and 0.8 were applied to the inlet, barrel, and outlet of the culvert, respectively, unless there was substrate throughout the culvert, and in such case 0.4 would be applied to velocities in the barrel.  For culverts having corrugation depth less than 2 inches, velocity reduction factors of 0.8, 0.8, 0.8 were applied to the inlet, barrel, and outlet of the culvert, respectively, unless there was substrate throughout the culvert, and in such case 0.6 would be applied to velocities in the barrel.

FishXing has options for using prolonged, burst, or both types of swim speeds, which are specific to the design fish.  Default swimming performance values were used in the current analysis with both prolonged and burst speeds option selected, allowing the design fish to switch between each type of swim speeds depending on the velocities encountered in the culvert.  This selection is most appropriate for situations where water velocities within the barrel of the culvert allow swimming speeds in the prolonged range while high velocities near the inlet and outlet require burst speeds for successful passage.  For the juvenile design fish, a 55 mm coho salmon, prolonged and burst swimming speeds are 1.0 ft/s and 4.0 ft/s respectively, while time to exhaustion for prolonged and burst swimming is 30 min. and 5 s.  Prolonged speed swimming performance values are based on equations from Hunter and Mayor (1996) while burst speed swimming performance values are taken from Bell (1991).  It was assumed that when a culvert allows for juvenile passage that adult passage is also allowed.  Further, adult passage was not analyzed in this study as juvenile passage is required in all fish bearing streams; culverts that are barriers to juvenile passage are considered to be out of compliance with state law and  require remedial action.

Culvert inputs.- Culvert inputs include: culvert shape and construction; whether culvert is installed at grade or sunken below the stream bed; culvert diameter or span and rise depending on whether the culvert is round or an open or closed bottom arch, respectively; culvert and stream bottom roughness values; culvert length; culvert inlet and outlet bottom elevation for calculating culvert slope; and an inlet head loss coefficient, which depends upon the type of inlet (projecting, mitered, headwall, etc.).

Tailwater options.- In the tailwater options sheet, information on tailwater condition at the culvert outlet is entered including: outlet channel slope taken from the outlet pool tailcrest downstream to the next slope break; outlet pool bottom elevation taken at the deepest point in the outlet pool; Manning’s roughness coefficient back-calculated from a discharge estimate along with information on outlet channel water surface slope and hydraulic radius of the cross section surveyed at the outlet pool tailcrest; and a channel cross-sectional profile taken at the outlet pool tailcrest when possible or at a channel constriction.  In situations where multiple culverts were present at a stream crossing, the FishXing program was not capable of simultaneously analyzing all culverts.  In these situations, if the inlet and outlet elevations of each culvert were within 0.1 ft of each other and flow was approximately evenly divided between each culvert, FishXing was used to assess fish passage through each culvert separately.  This required dividing the passage flow inputs in half for input into the Hydrologic Criteria input section.  It was also necessary to calculate a stage discharge relationship for the tailwater (see above description of Manning’s roughness calculation) and divide the discharge at each stage in half.  This was then input into the Tailwater Options section under the User Defined Rating Curve Method.  When the inlet and outlet conditions are similar for each culvert, this provides a method for analyzing each culvert separately.

Hydrologic criteria.- The high passage flow was based on the Memorandum of Agreement between the DOT&PF and the DF&G standard for the design of culverts to be the Q2 -2 day duration flow, where Q2 refers to the mean annual flood discharge that occurs on average once every two years and the 2 day duration flow refers to the flow that occurs one day before and one day after the flood peak.  Because only peak flow estimates are generally available rather than duration of flood peaks, the Q2 -2 day duration flow was calculated as 40 percent of the Q2 discharge.  This was based upon examination of a limited amount of hydrological data for small watersheds in southeastern Alaska, which showed that within 24 hours before and after a flood with a two-year return period flows drop to within 40 percent of the flood flow (Flanders and Cariello 2000).  This relationship has not been verified for watersheds on the Kenai Peninsula.  High passage flows were estimated based upon regional regression models that estimate watershed hydrology statistics based upon: physical characteristics of the basin including watershed area, mean elevation, percent of basin in lakes and ponds; and climatic variables including mean annual precipitation and mean January minimum temperature (Jones and Fahl 1995).  In this study the point estimate for Q2, calculated using the above regional regression method, was multiplied by 0.4 to provide an estimate of the Q2 2-day flow.  

Multiple Culvert Crossings

Although FishXing is not designed to analyze passage when there is more than one culvert present at a site, it is possible to analyze each culvert separately when certain conditions are met.  When the elevations of the lowermost points of the inlets of each culvert are within 0.1 ft, and the same holds true for the outlet elevations, each culvert at a crossing was analyzed separately in FishXing.  Since at least one culvert of a multiple culvert crossing must provide for passage for the crossing to be considered passable, stream crossings were considered passable to fish when one or more of the culverts present allowed passage.  Because the FishXing program requires input information describing the downstream hydraulic control for calculating the effect of backwatering on culvert water velocities, it was necessary to partition the stage-discharge relationship for each culvert.  This was accomplished by calculating a stage discharge relationship using the Flowmaster(1 hydraulic analysis program from the channel cross section profile measured at the outlet pool tailcrest and dividing the discharge at each stage by one-half.  Thus, for culverts of equal size and similar outlet conditions, the backwatering effect of the tailwater was divided between each culvert.  

RESULTS

Ninety-five road-stream crossings were evaluated for fish passage, 68 percent were on anadromous streams and 32 percent were on resident streams.  All but five crossings were on State roads and highways with four crossing on the Kenai National Wildlife Refuge in the Swanson River area and one crossing on the Chugach National Forest.  There were six structure types encountered during the surveys (see Table 1 for descriptions).  The most frequently encountered structure category were those with multiple culvert installations and/or structures with baffles (33%; structure category 8; Figure 1) followed by circular corrugated metal pipes (CMP) greater than 48 inches in width and having substrate coverage less than 20% of culvert rise (27%).  There were five open arches and two CMPs greater than 48 inches in diameter and having substrate depth greater than or equal to 20% of culvert rise.  There were no CMPs with 2x6 inch corrugations and substrate depth greater than or equal to 20% of culvert rise encountered in the study area as well as no concrete box culverts.  

Level 1 Classification
Of the 97 culverts in the study area, 95 were classified into three categories based on criteria listed in Table 1: 1) green –conditions assumed adequate to allow fish passage, 2) gray -required further analysis to assign fish passage status, and 3) red –conditions assumed inadequate for fish passage.  Culverts classified as gray were most common making up 52% of classified culverts while red culverts constituted 38% of classified culverts and green culverts made up 8 % of classified culverts (Figure 2).  Within the gray category, multiple or baffled culverts occurred most frequently with 67% of culverts in structure category 8, while structure categories 4 and 5 each made up 10% of culverts classified as gray.  Of those culverts classified as red, most (20 of 38) were CMPs greater than 48 inches in diameter and without full substrate coverage, followed by pipe arches without full substrate coverage (11 of 38).  The remainder of red culverts was CMPs less than 48 inches in diameter (7 of 38).  Of those culverts classified as green, half were structure category 6 (4 of 8), CMPs less than 48 inches in diameter, regardless of substrate coverage, while the remainder were bottomless pipe arches (2 of 8), CMPs greater than 48 inches with full substrate coverage (1 of 8), or CMPs greater than 48 inched and without substrate coverage (1 of 8).

Level 2 Classification

Of the 49 culverts classified as requiring further analysis to assign passage status (gray category), 21 were analyzed using the FishXing program.  These included 12 of 16 culverts in structure categories 1, 3, 4, 5, and 6, while of the 33 gray culverts in structure category 8, conditions at 9 of these permitted analysis with FishXing.  Stream crossings where analysis was not possible included: 1) those where insufficient field data was collected, and 2) those with baffles or with dissimilar inlet and outlet conditions. The latter require that additional data be collected to permit analysis with a hydraulic program with more extensive data requirements (e.g., HECRAS).  Output from the detailed hydraulic analysis would then be used as input for analysis in FishXing to assign passage status.  

Fish passage was assessed at the high passage flow or design flow, which was the Q2 –2day flow or 40% of the annual peak flow.  All stream crossings that were analyzed using FishXing were found to be barriers to fish passage at the design flow.  This included strict velocity barriers (9 of 21) where outlet velocities exceeded the swimming abilities of the design fish, and culverts where velocities were such that the fish was exhausted at burst speed before it could swim the length of the culvert (13 of 21).  When combined with the culverts classified with Level 1 criteria, a total of 9 (9%) culverts were adequate for fish passage, 27 (28%) had insufficient data for analysis, and 59 (62%) were not adequate for fish passage (Figure 4).  Considering only those culverts where classification was possible with existing data, 13% were assumed adequate for fish passage while 87% were assumed not adequate for fish passage.

DISCUSSION

The overall goal of this project is to increase salmon production in areas where stream habitats have been isolated by barrier culverts, or where utilization of habitat has been reduced by partial barriers to fish movement.   To achieve this goal, objectives of this project included measuring physical characteristics of culverts in fish bearing streams to allow assigning the barrier status of each culvert.  

Because actual fish passage is difficult to measure, this study relied on a combination of physical indicators thought to predict whether culverts provide fish passage as well as a hydraulic model that compares estimates of water velocities occurring at different stream flows to swimming capabilities of fish.  Both of these techniques rely on assumptions on factors related to fish passage, which include fish swimming abilities, watershed hydrology, culvert hydraulics, and migration needs.  Each of these assumptions needs to be validated and refined for conditions present in southcentral Alaska.  For example, two questions regarding watershed hydrology that need further testing include: 1) is the Q2 2-day flow the appropriate statistic to most best characterize juvenile fish passage requirements?, and 2) is the Q2 2-day flow accurately approximated by 40% of the Q2 flow?

Previous assessments of fish passage in Alaska have shown barrier culverts to be common (USDA 1999, 2001).  Extensive assessments of fish passage at culverts on the Tongass National Forest have shown that of the 1,537 crossing evaluated for fish passage, 72% were barriers to fish passage while 12% were not barriers.  The remaining 16 percent were not classified although recent hydraulic analyses showed that the majority of unclassified culverts were barriers to fish passage (personal communication on March 21, 2003, John McDonnell, Tongass National Forest), which brings the frequency of barrier culverts on the Tongass N.F. to approximately 80%.  This frequency of barriers culverts on the Tongass N.F. is similar to that documented in this study.

Limitations of data

We employed a two-tiered analysis procedure patterned after the system in use on the Tongass National Forest in Southeastern Alaska.  In the first tier, Level 1, 48% of culverts were assigned as to whether they allowed passage of juvenile fish at the design flow (red or green categories), while 52% of stream crossings required further analysis (gray category).  Of those requiring further analysis, only 43% had data sufficient to classify barrier status using the FishXing program.  The majority of those requiring additional data were either culverts with complex inlet and outlet conditions or baffled culverts.  

Elevations measurements were made using a laser level and were collected to within + or – 0.25 inches (0.02 feet) over a horizontal range of approximately 100 to 300 feet.  Thus, for measurements of culvert slope, associated errors were in the range of 0.006% (300 ft range) to 0.02% (100 ft range).  Because the laser level was sometimes relocated multiple times at sites when the road fill height was greater than the height of the stadia rod or when vegetation prevented a line-of-sight between the level and the stadia rod, the above error may be increased by a factor of two (one move of instrument) to six (five moves of instrument).  So in the worst case of five moves of the instrument, the elevation error may vary at the site from 0.04% (300 ft range) to 0.12% (100 ft range).

Recommendations for future passage assessments

In this study an equal amount of effort was applied to data collection at each site regardless of whether a site was a likely to be a barrier (perched in excess of 4 inches, very steep gradient, etc.) or was not likely to be a barrier to fish passage (constructed using stream simulation approach).  The purpose of the Level 1 analysis was to classify fish passage at culverts using physical indicators that are thought to indicate whether passage is likely.  To the degree that fish passage can be accurately inferred using this reduced set of field measurements, time and resources can be directed toward repair or replacement of passage barriers.  Based on the high number of culverts identified in the Level 1 analysis as requiring further analysis, which upon analysis in FishXing were identified as barriers to passage, it is evident that Level 1 criteria were not restrictive enough.  Future revisions of the thresholds for Level 1 criteria should be adjusted to be more conservative.

In a high proportion of stream crossings in this study fish passage assessment was not possible due to insufficient data, where crossings with multiple culverts made up the majority of sites lacking sufficient data.  It is proposed that future surveys employ a three-tiered approach, where data is initially collected to allow classification using a Level 1 analysis; those culverts classified as requiring further analysis are surveyed further to collect data required for a Level 2 analysis (FishXing).  Of those culverts identified as requiring Level 2 analysis that have multiple structures or are baffled, additional data are collected to allow a more detailed hydraulic assessment (Level 3 analysis).  By partitioning sites depending on the complexity of the analysis required, field data collection time would be reduced while still providing the level of analysis needed for accurately assessing fish passage.

Table 1.  Assessment criteria for initial classification of fish passage.

	
	Structure category
	Green
Conditions assumed adequate to pass fish
	Grey
Conditions may not be adequate to pass fish, additional analysis required
	Red

Conditions assumed not adequate to pass fish, additional analysis required

	1
	Bottomless pipe arch or countersunk pipe arch, substrate 100% linear coverage and substrate depth greater than or equal to 20% of culvert rise.
	Installed at channel grade (+/- 1%), AND culvert span to bedwidth ratio of 0.75.
	Substrate not at channel grade (+/- 1%), OR culvert span to bedwidth ratio less than 0.75
	None

	2
	Circular CMPs with 2x6 corrugations (all spans), 100% substrate coverage and substrate depth greater than or equal to 20% of culvert rise.
	Grade less than 2.0%, AND no perch, AND culvert span to bedwidth ratio greater than 0.75
	Grade 2.0 to 4.0%, OR less than 4" perch, OR culvert span to bedwidth ratio of 0.5 to 0.75.
	Grade greater than 4.0%, OR greater than 4 inch perch, OR culvert span to bedwidth ratio less than 0.5.

	3
	Circular CMPs (>48" span), with 1x3 or smaller l corrugations 100% substrate coverage and substrate depth greater than or equal to 20% of culvert rise.
	Grade less than 1%, AND no perch, AND culvert span to bedwidth ratio greater than 0.75
	Grade 1.0 to 3.0%, OR perch less than 4 inches, OR culvert span to bedwidth ratio of 0.5 to 0.75.
	Culvert gradient greater than 3.0%, OR perch greater than 4 inches, OR culvert span to bedwidth ratio less than 0.5.

	4
	Pipe arches (1x3 corrugation and larger).  Substrate less than 100% linear coverage or substrate depth less than 20% of culvert rise.
	Grade less than 0.5%, AND no perch, AND culvert span to bedwidth ratio greater than 0.75.
	Grade between 0.5 to 2.0%, OR less than 4" perch, , OR culvert span to bedwidth ratio of 0.5 to 0.75.
	Grade greater than 2.0%, OR greater than 4" perch, OR culvert span to bedwidth ratio less than 0.5.

	5
	Circular CMPs (>48" span with corrugations 1x3 and larger, substrate less than 100% coverage or invert depth less than 20% culvert rise.
	Grade less than 0.5%, AND no perch, AND culvert span to bedwidth ratio greater than 0.75.
	Grade between 0.5 to 2.0%, OR less than 4" perch, OR culvert span to bedwidth ratio of 0.5 to 0.75.
	Grade greater than 2.0%, OR greater than 4" perch, OR culvert span to bedwidth ratio less than 0.5.

	6
	Circular CMP 48 inch span and smaller,  regardless of substrate coverage.
	Culvert gradient less than 0.5%, AND no perch, AND culvert span to bedwidth ratio greater than 0.75
	Culvert gradient 0.5 to 1.0%, OR perch less than 4 inches, OR culvert span to bedwidth ratio of 0.5 to 0.75.
	Culvert gradient greater than 1.0%, OR perch greater than 4 inches, OR span to bedwidth ratio less than 0.5.
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	Concrete Box Culvert, all sizes, no substrate coverage (if substrate coverage then treat as item 1 above)
	Assumed “GREY” pending outlet control determination
	Culvert gradient 1.0% or less, OR perch less than 4 inches, OR culvert span to bedwidth ratio of 0.5 to 0.75.
	Culvert gradient greater than 1.0%, OR perch greater than 4 inches, OR span to bedwidth ratio less than 0.5.

	8
	Baffled or multiple structure installations 
	
	All
	


Table 2. Level 1 Classification results – to be inserted in final PDF document

Figure 1.  Map of barrier status of culverts on the Kenai Peninsula, Alaska.

Figure 2.  Proportion of culverts of each structure category (see Table 1 for structure category definitions).

Figure 2. Proportion of culverts of each structure category classified into red, gray, and green categories with number of culverts above each bar (see Table 1 for structure category definitions).



Figure 3.  Classification of fish passage at culverts on the Kenai Peninsula, Alaska.
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APPENDIX A. 

FISH PASSAGE RESULTS

Appendix A-1.  Level 1 fish passage classification of culverts on the Kenai Peninsula, Alaska.

	Crossing ID Number
	Structure Type1
	Classification2
	Culvert Gradient (ft/ft)
	Encroachment Ratio3
	Perch Height4 (ft)

	1
	5
	red
	0.0244
	0.40
	0.13

	2
	6
	N/A
	N/A
	0.51
	N/A

	3
	4
	gray
	-0.0023
	0.74
	0.83

	4
	4
	red
	0.0046
	0.59
	-2.02

	5
	4
	red
	0.0160
	0.53
	-3.18

	6
	1
	gray
	0.0195
	0.64
	1.64

	7
	4
	gray
	-0.0273
	0.58
	0.36

	8
	4
	gray
	-0.0063
	0.57
	-0.29

	9
	6
	green
	-0.0136
	
	0.38

	10
	3
	red
	0.0023
	0.46
	-1.29

	11
	6
	red
	-0.0150
	0.48
	-0.98

	12
	6
	gray
	-0.0598
	0.60
	0.54

	13
	8
	gray
	
	
	

	14
	8
	gray
	
	
	

	15
	4
	red
	-0.0098
	0.86
	-1.64

	16
	4
	red
	0.0530
	1.33
	-0.53

	17
	5
	red
	0.0245
	1.03
	0.22

	18
	4
	gray
	-0.0402
	0.73
	-0.23

	19
	8
	gray
	
	
	

	20
	8
	gray
	
	
	

	21
	8
	gray
	
	
	

	22
	6
	red
	0.0255
	0.51
	-0.04

	23
	8
	gray
	
	
	

	24
	4
	red
	0.0630
	0.60
	-0.41

	25
	5
	red
	0.0002
	0.08
	-0.82

	26
	4
	red
	-0.0037
	0.75
	-1.14

	27
	8
	gray
	
	
	

	28
	1
	gray
	-0.1278
	0.53
	0.63

	29
	5
	red
	0.0060
	0.68
	-3.73

	30
	5
	gray
	0.0039
	0.65
	-0.13

	31
	8
	gray
	
	
	

	32
	6
	red
	0.0158
	0.48
	-0.96

	33
	5
	red
	0.0038
	0.42
	0.12

	34
	5
	red
	0.0262
	1.01
	0.63

	35
	6
	green
	-0.0450
	N/A
	0.47

	36
	6
	green
	-0.0277
	N/A
	0.40

	37
	8
	gray
	
	
	

	38
	4
	green
	-0.0417
	1.00
	

	40
	4
	red
	-0.0455
	0.63
	-0.78

	41
	5
	N/A
	-0.0042
	
	

	42
	5
	red
	0.0290
	
	

	43
	5
	red
	0.0702
	0.31
	-0.67

	44
	8
	gray
	
	
	

	45
	8
	gray
	
	
	

	46
	5
	red
	0.1710
	0.77
	N/A

	47
	3
	green
	-0.0094
	1.06
	0.63

	48
	5
	red
	0.0235
	0.93
	0.98

	49
	6
	green
	0.0035
	0.97
	0.77

	50
	8
	gray
	
	
	

	51
	8
	gray
	
	
	

	52
	8
	gray
	
	
	

	53
	5
	red
	0.0294
	0.47
	0.02

	54
	8
	gray
	
	
	

	55
	5
	green
	-0.0024
	1.26
	0.83

	56
	8
	gray
	
	
	

	57
	8
	gray
	
	
	

	58
	8
	gray
	
	
	

	60
	5
	red
	0.0411
	0.97
	

	61
	1
	green
	-0.0162
	1.32
	-2.59

	62
	6
	red
	0.0204
	0.44
	0.06

	63
	8
	gray
	
	
	

	64
	6
	gray
	-0.1016
	
	-0.29

	65
	8
	gray
	
	
	

	66
	4
	red
	0.0615
	0.64
	-0.50

	67
	6
	gray
	0.0198
	N/A
	0.08

	68
	8
	gray
	
	
	

	69
	8
	gray
	
	
	

	70
	8
	gray
	
	
	

	71
	8
	gray
	
	
	

	72
	4
	red
	0.0152
	0.52
	-1.04

	73
	4
	red
	-0.0579
	0.60
	-1.71

	74
	8
	gray
	
	
	

	75
	4
	red
	0.0036
	0.82
	-0.58

	76
	8
	gray
	
	
	

	77
	1
	green
	0.0260
	0.88
	0.35

	78
	1
	gray
	0.0415
	0.69
	0.95

	79
	5
	red
	0.0074
	1.27
	-0.60

	80
	5
	gray
	-0.0095
	0.92
	-0.08

	81
	6
	red
	0.0097
	0.47
	-0.67

	82
	5
	gray
	0.0189
	0.86
	0.68

	83
	5
	gray
	0.0060
	0.88
	0.00

	84
	6
	red
	0.0214
	0.76
	0.83

	85
	5
	red
	0.0475
	0.96
	-0.46

	86
	8
	gray
	
	
	

	87
	5
	red
	0.0203
	N/A
	-0.05

	88
	3
	gray
	0.0032
	0.65
	0.98

	89
	5
	green
	-0.0264
	2.08
	0.77

	90
	5
	red
	0.0042
	1.13
	-0.34

	91
	5
	red
	0.0072
	1.18
	-0.35

	92
	8
	gray
	
	
	

	93
	8
	gray
	
	
	

	94
	8
	gray
	
	
	

	95
	8
	gray
	
	
	

	96
	5
	red
	0.0060
	0.40
	-0.21

	97
	5
	red
	0.0018
	0.32
	0.02

	98
	5
	red
	0.0082
	0.41
	-1.00

	99
	5
	gray
	0.0091
	1.37
	0.40


1  Refer to Table 1 for structure types. Note: for structure category ‘8’, classification requires further analysis. 

2  Classes are: ‘green’ –conditions assumed adequate for juvenile passage, ‘gray’ –requires further analysis, ‘red’ –conditions assumed not adequate for juvenile passage.

3  Calculated as the ratio of the upstream channel width and the width of the culvert.

4  Calculated as the vertical distance between the lowest point at the culvert outlet and the lowest point on the downstream hydraulic control. Note: negative values indicate a perched outlet.

Appendix A-2.  Level 2 (FishXing) fish passage assessment of culverts on the Kenai Peninsula, Alaska.

	Crossing ID Number1
	Structure Category2
	Class3
	Anadromous (A) or Resident (R) Stream4
	High Passage Flow (cfs) 
	Juvenile Passage Limitation at High Flow5
	Juvenile Passage Limitation at High Flow5

	3
	4
	gray
	A
	67.0
	EB
	

	6
	1 
	gray
	A
	116.0
	EB
	

	7
	4 
	gray
	A
	241.0
	V
	

	8
	4
	gray
	A
	6.06
	EB
	

	12
	6 
	gray
	A
	140.0
	EB
	

	13A
	8 
	gray
	A
	4.3
	EB
	

	13B
	8 
	gray
	A
	4.3
	EB
	

	18
	4 
	gray
	R
	38.0
	V
	

	19A
	8 
	gray
	A
	72.5
	EB
	

	19B
	8
	gray
	A
	72.5
	EB
	

	20A
	8
	gray
	A
	105.0
	V
	

	20B
	8
	gray
	A
	105.0
	V
	

	28
	1
	gray
	R
	40.0
	EB
	

	30
	5
	gray
	A
	11.3
	EB
	

	37A
	8
	gray
	A
	70.0
	V
	

	37B
	8
	gray
	A
	70.0
	V
	

	50A
	8
	gray
	A
	24.0
	Leap; V
	

	50B
	8
	gray
	A
	24.0
	Leap; V
	

	51A
	8
	gray
	A
	47.5
	EB
	

	51B
	8
	gray
	A
	47.5
	EB
	

	52A
	8
	gray
	A
	75.0
	EB
	

	52B
	8
	gray
	A
	75.0
	EB
	

	56A
	8
	gray
	A
	42.0
	V
	

	56B
	8
	gray
	A
	42.0
	V
	

	64
	6
	gray
	R
	8.7
	V
	

	67
	6
	gray
	R
	No tailwater
	
	

	71A
	8
	gray
	R
	31.0
	EB
	

	71B
	8
	gray
	R
	31.0
	EB
	

	80
	5
	gray
	A
	palustrine
	
	

	82
	5
	gray
	A
	20
	V
	

	83
	5
	gray
	A
	Tailwater undefined
	
	

	88
	3
	gray
	R
	5 (no habitat above)
	V
	

	99
	5
	gray
	R
	5
	EB
	


1  ‘A’ refers to culvert on left when facing downstream, ‘B’ refers to culvert on right when facing downstream.

2  See Table 1 for structure categories

3  Classes are: ‘green’ –conditions assumed adequate for juvenile passage, ‘gray’ –requires further analysis, ‘red’ –conditions assumed not adequate for juvenile passage. 

4  Stream categories based upon fish community assessment at time of survey and existing data accessed from the ADF&G Anadromous Waters Catalog.

5  Passage limitations include: ‘V’, strict velocity barrier; ‘EB’, fish exhausted at burst speed; ‘Long’, fish exhausted at prolonged speed-culvert too long; ‘Leap’, excessive leap at outlet; ‘Depth’, too shallow for substantial distance; ‘None’, not a barrier.
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APPENDIX B.

LEVEL 1 CLASSIFICATION PROGRAMMING

APPENDIX C.

STATION SUMMARY REPORTS 




Level 1 – Course Sieve


Thresholds for:


Stream Constriction Ratio


Culvert Gradient


Outfall Height


















































Gray: additional analysis needed for assessing fish passage





Green: conditions assumed adequate for fish passage





Red: conditions assumed not adequate for fish passage





Level 2 Hydraulic Analysis (FishXing)
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