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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 Division of Sport Fish Fishery Manuscripts, Fishery Data Series Reports, Fishery Management 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

	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
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A. 

abstract

This study was initiated due to concerns that culverts at road-stream crossings may be barriers to the upstream movement of juvenile salmon and resident fish.  Twenty-nine culverts near Tyonek, Alaska were inventoried and assessed as to their ability to provide for efficient fish passage.  Culverts were classified into red, gray, and green passage categories based upon whether conditions were assumed not adequate for fish passage, required further analysis, or were assumed adequate for fish passage, respectively.  Results indicated that 83 % of culverts were assumed not adequate for fish passage, 14% had indeterminate passage status, and 3% were assumed adequate.

Key words:
fish passage, culvert, Cook Inlet, Tyonek, Trading Bay

introduction

Recent studies have shown that road culverts have created barriers to fish movements and migration in Alaska streams (Flanders and Cariello 2000; Rich in review, Albert in review).  The frequency of barriers in Alaska streams is similar to what has been found throughout the Pacific Northwest (GAO 2001).  These types of barriers have been shown to significantly impact the quantity of habitat accessible to salmon and resident fish.  For example, 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).   

Movement of salmonids and other resident fish species is necessary to meet a range of life history needs that are critical for survival.  These include:

· Upstream movement of anadromous and resident adult fish to access spawning areas;

· Juvenile anadromous and resident fish require both upstream and downstream movements to respond to changing habitat conditions throughout the year (high and low flows, fluctuating temperature, food availability);

· Extreme high and low flows can displace fish populations; barriers can prevent recolonization of habitats.

· Resident fish species need continuous stream networks to prevent the fragmentation of populations and loss of genetic integrity.

The current study was initiated because a systematic survey of fish passage conditions at stream-road crossings had not previously been conducted in the Tyonek area.  Objectives of this study included conducting a culvert inventory and assessment of fish passage in the area of western Cook Inlet from Trading Bay State Game Refuge (TBSGR) to the Beluga River.  Culverts identified as barriers to fish movement in this study will be targeted for remediation.

METHODS

Study Area

Culvert inventory and fish passage assessments were conducted on all accessible roads on State and native corporation-owned lands in the vicinity of Tyonek (Figure 1).  Surveyed culverts occurred on: 1) roads within Trading Bay State Game Refuge that were constructed in the 1960s and 1970s to access areas where oil and gas exploration and later timber harvest occurred, 2) roads owned by the Tyonek Native Corporation, and 3) roads maintained by Chugach Electric in the vicinity of the Beluga electricity generating plant.  Culverts inventoried in this study ranged from a crossing on a tributary of the Chakachatna River at the southernmost extent of the study area a culvert one mile northeast of the Beluga landing strip at the northern extent of the study area.

Locating Culverts
Due to the remoteness of the study area as well as the lack of previous stream crossing inventories, an initial aerial reconnaissance was conducted immediately following snow melt to identify road-stream crossing from the air and document their location using a handheld GPS receiver.  This facilitated subsequently locating crossings during field surveys.  Geographic locations of culverts were marked on the above maps, and latitude and longitude coordinates were recorded on field data forms.   Crossing locations were estimated using a non-differentially corrected Garmin Map76S receiver.  Stream crossing coordinates were later imported into ArcView and projected to Albers Alaska and NAD27 map datum.  Other location information recorded included: PLSS legal location, stream name, watershed, crossing identification number, and road name when available.  Stream crossings were identified with a two-digit crossing identification number starting at the first crossing surveyed (crossing 01), and were incremented sequentially.

Fish bearing status of streams was determined based upon a combination of existing Anadomous Waters Catalog survey data (AWC; ADF&G 1998), minnow trapping at the time of survey, and visual inspection of habitat quality at each road-stream crossing.  For those streams not included in the AWC, but that 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 upstream and downstream of each crossing for a minimum of 0.5 hours.  If no fish were captured, and the stream did not appear capable of supporting fish (criteria listed above), the crossing was not surveyed.  

Data Management

Field data were entered directly during the field season data into a Microsoft Access( database, which was installed on a field-grade laptop.  Although the database was programmed to prevent many common data entry errors, data was later quality-checked to further identify errors.  The MS Access database includes utilities for data entry, computation of elevations and stream discharge, fish passage “Level 1” computation (see below), archiving and display of project photos, and generation of a summary report listing all data and representative photos taken at each site (Appendix B).

Fish Passage Assessment

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.  Fish passage evaluation of each culvert was inferred based upon “Level 1” protocols.  This procedure has 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.  Culverts where fish passage was not readily estimated based on “Level 1” indicators (see below) may be further analyzed at a later date using detailed hydraulic methods (“Level 2”).  

Level 1 – Course Filter

Culverts were evaluated based upon fish passage criteria (Table 1) 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 Facilities 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 ADFG and ADOT&PF and personnel for use in the present study, and classify culverts into three categories based upon the following parameters:

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

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

· Stream constriction ratio – (width of culvert ( width of upstream channel)

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

The above criteria are used as indicators of fish 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, determine passage for juvenile fish through the range of culvert 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), and “red” conditions assumed not adequate for fish passage (hereafter termed “Level 1 analysis”).  For example a low gradient culvert (associated with low water velocity) with high constriction ratio (culvert width approximates channel width) and no outfall would be rated “green” while a high gradient culvert (associated with high water velocity) with low constriction ratio (culvert width much less than stream width) and high outfall height would be rated “red”.  The Level 1 analysis was computed using a program in the MS Access database (Rich, in review).    The above criteria were not used in classifying fish passage in palustrine channels where the outlet pool water elevation was higher than the elevation of the culvert inlet (culvert fully backwatered).  Culverts in palustrine channels having these conditions were not considered to limit fish movement and were classified as “green”.

Table 1.  Assessment criteria for Level 1 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 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 substrate 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.

	7


	Concrete Box Culvert, all sizes, no substrate coverage (if full 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
	


RESULTS

A total of 29 road-stream crossings were inventoried and assessed for fish passage.  The majority of these (24 crossings) were on private roads near the village of Tyonek, while a small number occurred either within the boundary of Trading Bay State Game Refuge (SGR; 2 crossings) or near the Beluga power plant and gas line (3 crossings) (Figure 1, Appendix A-1).  

Approximately half of the crossings surveyed were corrugated metal pipes (CMPs) less than 48 inches in diameter (structure category 6, Figure 2; see Table 1 for a description of crossing structure types), while the remainder was primarily crossings having multiple culvert pipes (structure category 8, Figure 3A, 4).  There was one pipe arch culvert and two CMPs larger than 48 inches in diameter.  None of the crossings surveyed had structures with continuous substrate throughout the length of the culverts.  Two crossings had noncorrugated metal pipes, which due to their extremely low roughness are unsuitable for use where fish passage is a concern.  There were a range of factors limiting fish movement through culverts in the study area, which included excessive outfall at culvert outlet (Figure 3A, B, C), physical blockage (Figure 3D, E), and insufficient water depth (Figure 3F).

Level 1 Classification

Based upon the Level 1 screening criteria of culvert gradient, stream constriction ratio, and culvert outfall height, almost all surveyed culverts were assumed to be not adequate for juvenile fish passage.  All crossings had a high frequency of barriers to fish passage regardless of structure type (Figures 2-5; Appendix A-2).  Only one culvert was assumed to be adequate for fish passage.  This crossing was in a wetland stream reach where stable flows and a beaver dam below the culvert caused backwatering of the culvert and very low stream velocity in and around the culvert pipe.  Fish passage status at four of the 29 culverts could not be determined using Level 1 criteria.  These crossings had multiple culverts present.  Summary reports containing data collected at each crossing along with site photos are included in Appendix B. 
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Figure 1.  Map of study area with locations of surveyed stream crossings.
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Figure 2.  Barrier status of culverts of stream crossings.
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Figure 3.  Photos A – F show common factors limiting fish passage.  Photo A has an outfall barrier while photo B has an outfall barrier over rip-rap which lack a pool from which fish can jump.  The culvert in photo C has sheetpile forming a weir that can limit upstream migration.  In photo D and E woody debris is blocking the culvert inlets.  In photo F inadequate water depth can limit upstream movement of adult salmon.
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Figure 4.  Number of culverts of each structure category classified into red, gray, and green categories based on Level 1 criteria.

Figure 5.  Classification of juvenile fish passage at culverts near Tyonek.

DISCUSSION

Trading Bay SGR Crossings and Beluga Area Crossings

There are many miles of abandoned roads remaining within Trading Bay SGR.  These roads were abandoned in the early 1980s when timber harvest operations on the Refuge ceased (ADF&G 1994).  Most are grown over and appear to receive little use except those that provide access to hunting and fish areas near the Chakachatna River and Nicolai Creek.  There is some evidence of road-stream crossing failures where road fills have been washed away during high flow events, leaving culvert pipes in the stream channel to mark the location of the crossing.  Another surveyed crossing had one of two culvert pipes completely plugged by beavers increasing the risk of road fill washout.  Lack of maintenance at remaining crossings will likely lead to future crossings failures and degradation of downstream habitat quality.  To fulfill the refuge’s primary purpose “to protect fish and wildlife populations”, it is recommended that a road condition survey be conducted on remaining roads within the refuge, and roads that are no longer needed be decommissioned so that future habitat impacts from abandoned roads can be avoided.  Beluga area crossings shared many of the same problems as did crossings elsewhere in the study area including improper installation and lack of maintenance.  

Tyonek Area Crossings

Stream-road crossings in the Tyonek area present many opportunities for remediation of fish passage.  The majority of the crossings surveyed were improperly installed and receive inadequate maintenance (mainly removal of woody debris).  These crossings likely chronically limit fish migration and movement, leading to significant reductions in the productivity of local fisheries.  While some of the surveyed crossings are likely not barriers to movement of adult salmon, water velocities often exceeded juvenile salmon swimming velocities, which prevent juvenile fish from reaching important rearing areas.  Improvement of fish passage to previously unused or underused habitats by repairing or replacing culverts is though to be one of the most effective and efficient methods of restoring stream habitats (Roni 2002).  Many of these culverts likely degrade downstream fish habitat by limiting the downstream movement of sediment, woody debris and organic materials, and may limit the movement of nutrients upstream by limiting the upstream migration of adult salmon.  Recent research has shown that adult salmon carcasses are important sources of nutrients to upstream habitats (Wipfli et al. 1998).

Management Recommendations

Given the high frequency of passage barriers identified in this study (>80%) and the poor condition on many stream crossings, it is recommended that priority be given to fish passage restoration in these stream systems.  Culvert failure and the downstream movement of road fill materials can cause extensive damage to spawning and rearing habitats.  Larger stream systems such as Tyonek Creek and Old Tyonek Creek have extensive high quality habits and should receive priority during fish passage restoration planning. 

For situations where culvert replacement is needed to restore fish passage, it is highly recommended that a stream simulation approach be used.  This design closely mimics the adjacent stream and maintains natural stream processes such as movement of stream bed materials, woody debris, and aquatic species such as salmon.  The technology regarding stream simulation designs has increased greatly in recent years and managers are finding these designs are a more certain method for assuring fish passage at road stream crossings rather than that relying on hydraulic analyses to assess conditions within the culvert (WDFW 2003).  By designing culverts that maintain natural stream conditions within the culvert (average cross-section, width, gradient, and substrate), the crossing structure becomes essentially invisible to fish relative to the adjacent stream channel.  

Given the lack of crossing structure maintenance observed in this study it is further recommended that following replacement of barrier culverts a program of regular maintenance be followed to ensure that replaced culverts do not fall into disrepair.
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APPENDICES

Table A-1.  Locations of surveyed crossings.

	Crossing ID
	Stream
	Road
	Latitude
	Longitude

	1
	Old Tyonek Ck
	Shirleyville Rd
	61.06321
	151.36606

	2
	Indian Ck
	
	61.06408
	151.14223

	3
	Trib of Cook Inlet
	Beluga Gas Line Rd
	61.18735
	151.03372

	4
	Outlet of Chuitbuna Lk
	Beluga Rd
	61.16167
	151.05522

	5
	Threemile Ck
	Beluga Rd
	61.35139
	151.21492

	6
	unnamed
	Beluga Rd
	61.11345
	151.14990

	7
	Trib of Chuitna R
	
	61.11132
	151.17389

	8
	Tyonek Ck
	
	61.07677
	151.31543

	9
	Trib of Old Tyonek Ck
	
	61.06656
	151.32600

	10
	Outlet of unnamed pond
	
	61.12854
	151.22807

	11
	Threemile Ck 
	
	61.17966
	151.20171

	12
	Indian Ck
	Beluga Rd
	61.08120
	151.17688

	13
	Unnamed Ck
	
	61.06993
	151.17418

	14
	Tyonek Ck
	Shirleyville Rd
	61.04512
	151.18024

	15
	Old Tyonek Ck
	
	61.03323
	151.31096

	16
	Tyonek Ck
	Beluga Rd
	61.07324
	151.25330

	17
	Outlet of Bird Lake
	Shirleyville Rd
	61.05783
	151.40364

	18
	Trib of Old Tyonek Ck 
	
	61.05305
	151.32199

	19
	Trib of Old Tyonek Ck 
	
	61.03978
	151.31822

	20
	Chuitkilnachna Ck
	
	61.10689
	151.72356

	21
	Trib of Nikolai Ck
	
	61.08042
	151.57848

	22
	Trib of Nikolai Ck
	
	61.07860
	151.57288

	23
	Trib of Nikolai Ck
	
	61.07772
	151.54408

	24
	Stedatna Ck
	
	61.06848
	151.51326

	25
	Trib of Nikolai Ck
	
	61.05433
	151.51012

	26
	Trib of Nikolai Ck
	
	61.03972
	151.47273

	27
	Trib of Nikolai Ck
	
	61.03941
	151.47293

	28
	Outlet of Congabuna Lk
	Shirleyville Rd
	61.04767
	151.43745

	29
	Trib of Old Tyonek Ck
	
	61.05167
	151.30196


Table A-2.  Level 1 fish passage classification of culverts near Tyonek, Alaska.

	Crossing ID Number
	Struct-ure Type1
	Classif-ication2
	Culvert Gradient (%)3
	Channel Constrict-ion Ratio4
	Outfall Height5 (ft)
	Reason(s) for Red Designat-ion6

	1
	8
	Red7
	5.59
	
	-3.14
	G

	2
	8
	Red7
	1.62
	
	-0.42
	

	3
	8
	Red7
	1.49
	
	2.18
	G, O

	4
	6
	Red
	10.57
	0.54
	1.25
	G, O

	5
	5
	Red
	-0.93
	0.70
	0.87
	O

	6
	6
	Red
	1.35
	
	0.00
	G

	7
	6
	Red 
	0.70
	0.15
	-0.14
	C

	8
	8
	Gray
	0.13
	
	-0.21
	

	9
	9
	Red
	0.53
	0.43
	0.50
	C, O

	10
	8
	Gray
	0.46
	
	-0.02
	

	11
	5
	Red
	-0.78
	0.59
	2.42
	O

	12
	6
	Green6
	2.64
	0.31
	-0.94
	

	13
	6
	Red
	5.05
	
	0.66
	G, O

	14
	4
	Red
	1.20
	0.37
	-1.41
	C

	15
	8
	Gray
	1.06
	
	0.30
	

	16
	8
	Red7
	2.46
	
	0.79
	G, O

	17
	6
	Red
	1.77
	
	-0.51
	G

	18
	6
	Red
	1.53
	0.29
	-0.17
	G, C

	19
	6
	Red
	6.79
	0.32
	-0.77
	G, C

	20
	8
	Gray
	-0.90
	
	-1.21
	

	21
	6
	Red
	1.27
	0.86
	
	G

	22
	6
	Red
	4.85
	0.31
	0.67
	G, C, O

	23
	6
	Red
	3.56
	0.29
	1.38
	G, C, O

	24
	9
	Red
	2.56
	0.26
	0.72
	G, C, O

	25
	6
	Red
	13.32
	0.65
	1.28
	G, O

	26
	6
	Red
	5.46
	0.18
	2.22
	G, C, O

	27
	8
	Red9
	
	
	0.37
	

	28
	6
	Red
	0.34
	0.34
	0.49
	C, O

	29
	6
	Red
	1.67
	
	
	G


Appendix A-2. Continued.

Footnotes:

1 Refer to Table 1 for a description of structure types 1 – 8, structure type 9 is noncorrugated metal pipe. 

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

3 Difference in height between culvert inlet and outlet divided by the culvert length.

4 Calculated as the ratio of the width of the culvert to the upstream channel width.

5 Calculated as the vertical distance between the lowest point at the culvert outlet and the lowest point on the downstream hydraulic control. Note: positive values indicate outfall height, while values ≤ 0.0 indicate no outfall.

6 G = culvert gradient, C = channel constriction, O = outfall height

7 Classified as green because palustrine channel at outlet causes culvert to be fully backwatered.
8 Crossings with multiple culverts classified as red had unconfined outlet channels that did not backwater the culvert and exceeded Level 1 culvert gradient or outfall height criteria.

9 Crossing had culverts in series; upper culvert had an excessive outfall and lower culvert was noncorrugated.

Appendix B. Summary Reports
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		TYW1		001		A		1		8		red				0.0559123233		5.59		-3.14		-0.19		CP		0		8.7700004578		3		1		0		0		0

		TYW1		002		A		1		8		red				0.0161716305		1.62		-0.42		-0.90		CP		0.6299999952		3.9000000954		3		0.5		0		0		0

		TYW1		003		A		1		8		red				0.0149006872		1.49		2.18		0.95		CP		0		5.9000000954		1		3		0		0		0

		TYW1		004		A		1		6		red		0.54		0.1057144105		10.57		1.25		0.94		CP		0		3.1300001144		2.625		0.5		0		0		0

		TYW1		005		A		1		5		red		0.70		-0.0093283579		-0.93		0.87		0.21		CP		0		13.8299999237		6		2		0		0		0

		TYW1		006		A		1		6		red				0.0135447038		1.35						CP		0		4.4800000191						0		0		0

		TYW1		007		A		1		6		red		0.15		0.0070117833		0.70		-0.14		-0.64		CP		0		3.5199999809		2.3299999237		0.625		0		0		0

		TYW1		008		A		1		8		gray				0.0013311453		0.13		-0.21		-1.06		CP		0		7.0799999237		3		1		0		0		0

		TYW1		009		A		1		9		red		0.43		0.0053290962		0.53		0.50		0.16		NC		0		1.5199999809		0		0		0		0		0

		TYW1		010		A		1		8		gray				0.0046465117		0.46		-0.02				CP		0		1.9700000286		3		0.5		0		0		0

		TYW1		011		A		1		5		red		0.59		-0.0077831852		-0.78		2.42		1.37		CP		0		19.8999996185		3		0.5		0		0		0

		TYW1		012		A		1		6		green		0.31		0.0263889246		2.64		-0.94		-2.53		CP		0		3.9900000095		2.625		0.5		0		0		0

		TYW1		013		A		1		6		red				0.0504561439		5.05						CP		0				3		0.5		0		0		0

		TYW1		014		A		1		4		red		0.37		0.0120413806		1.20		-1.41		-2.48		AR				5.5399999619		6		2		0		0		0

		TYW1		015		A		1		8		gray				0.0105527183		1.06		0.30		-0.78		CP		0		4.4000000954		2.625		0.5		0		0		0

		TYW1		016		A		1		8		red				0.024559848		2.46		0.79		0.05		CP		0		5.1799998283						0		0		0

		TYW1		017		A		1		6		red				0.01766688		1.77		-0.51		-0.81		CP		0.25		3.1400001049		2.625		0.5		0		0		0

		TYW1		018		A		1		6		red		0.29		0.0152963521		1.53		-0.17		-0.74		CP		0		1.9500000477		2.625		0.5		0		0		0

		TYW1		019		A		1		6		red		0.32		0.0678723902		6.79		-0.77		-1.06		CP		0		2.0399999619		2.625		0.5		0		0		0

		TYW1		020		A		1		8		gray				-0.0090000154		-0.90		-1.21		-0.66		CP		0		4.1300001144		2.625		0.5		0		0		0

		TYW1		021		A		1		6		red		0.86		0.0126549508		1.27						CP				2.1600000858		2.625		0.5		0		0		0

		TYW1		022		A		1		6		red		0.31		0.0485365279		4.85		0.67		0.41		CP		0		4.1700000763		2.625		0.5		0		0		0

		TYW1		023		A		1		6		red		0.29		0.0356435403		3.56		1.38		1.01		CP		0		4.1100001335		2.625		0.5		0		0		0

		TYW1		024		A		1		9		red		0.26		0.025636578		2.56		0.72		-0.54		NC		0		4.0999999046						0		0		0

		TYW1		025		A		1		6		red		0.65		0.1331682503		13.32		1.28		1.11		CP		0		4.2699999809		2.625		0.5		0		0		0

		TYW1		026		A		1		6		red		0.18		0.0545901954		5.46		2.22		1.64		CP		0		2		2.625		0.5		0		0		0

		TYW1		027		A		1		8		red								0.37		0.13		NC		0		1.6900000572						0		0		0

		TYW1		028		A		1		6		red		0.34		0.0034340385		0.34		0.49		-0.53		CP		0		4.0300002098		0.5		2.625		0		0		0

		TYW1		029		A		1		6		red				0.0166666675		1.67				0.03		CP		0		3.0399999619		2.625		0.5		0		0		0
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		WSHEDCODE		CROSSID		CULVSEQ		CULVVISIT		STRUCTCAT		STRUCTCLS		ENCRRATIO		CULVGRAD		GRAD%		PHTFLOWIND		PHTFLOWDEP		CRSTRTYP		OUTSUBDEP		OUTHEIGHT		CORRWIDTH		CORRDEPTH		ENCHRINWIDTH		ENCHROHWWIDTH100		ENCHROHWWIDTH50

		TYW1		001		A		1		8		red				0.0559123233		5.59		-3.14		-0.19		CP		0		8.7700004578		3		1		0		0		0

		TYW1		002		A		1		8		red				0.0161716305		1.62		-0.42		-0.90		CP		0.6299999952		3.9000000954		3		0.5		0		0		0

		TYW1		003		A		1		8		red				0.0149006872		1.49		2.18		0.95		CP		0		5.9000000954		1		3		0		0		0

		TYW1		004		A		1		6		red		0.54		0.1057144105		10.57		1.25		0.94		CP		0		3.1300001144		2.625		0.5		0		0		0

		TYW1		005		A		1		5		red		0.70		-0.0093283579		-0.93		0.87		0.21		CP		0		13.8299999237		6		2		0		0		0

		TYW1		006		A		1		6		red				0.0135447038		1.35						CP		0		4.4800000191						0		0		0

		TYW1		007		A		1		6		red		0.15		0.0070117833		0.70		-0.14		-0.64		CP		0		3.5199999809		2.3299999237		0.625		0		0		0

		TYW1		008		A		1		8		gray				0.0013311453		0.13		-0.21		-1.06		CP		0		7.0799999237		3		1		0		0		0

		TYW1		009		A		1		9		red		0.43		0.0053290962		0.53		0.50		0.16		NC		0		1.5199999809		0		0		0		0		0

		TYW1		010		A		1		8		gray				0.0046465117		0.46		-0.02				CP		0		1.9700000286		3		0.5		0		0		0

		TYW1		011		A		1		5		red		0.59		-0.0077831852		-0.78		2.42		1.37		CP		0		19.8999996185		3		0.5		0		0		0

		TYW1		012		A		1		6		green		0.31		0.0263889246		2.64		-0.94		-2.53		CP		0		3.9900000095		2.625		0.5		0		0		0

		TYW1		013		A		1		6		red				0.0504561439		5.05						CP		0				3		0.5		0		0		0

		TYW1		014		A		1		4		red		0.37		0.0120413806		1.20		-1.41		-2.48		AR				5.5399999619		6		2		0		0		0

		TYW1		015		A		1		8		gray				0.0105527183		1.06		0.30		-0.78		CP		0		4.4000000954		2.625		0.5		0		0		0

		TYW1		016		A		1		8		red				0.024559848		2.46		0.79		0.05		CP		0		5.1799998283						0		0		0

		TYW1		017		A		1		6		red				0.01766688		1.77		-0.51		-0.81		CP		0.25		3.1400001049		2.625		0.5		0		0		0

		TYW1		018		A		1		6		red		0.29		0.0152963521		1.53		-0.17		-0.74		CP		0		1.9500000477		2.625		0.5		0		0		0

		TYW1		019		A		1		6		red		0.32		0.0678723902		6.79		-0.77		-1.06		CP		0		2.0399999619		2.625		0.5		0		0		0

		TYW1		020		A		1		8		gray				-0.0090000154		-0.90		-1.21		-0.66		CP		0		4.1300001144		2.625		0.5		0		0		0

		TYW1		021		A		1		6		red		0.86		0.0126549508		1.27						CP				2.1600000858		2.625		0.5		0		0		0

		TYW1		022		A		1		6		red		0.31		0.0485365279		4.85		0.67		0.41		CP		0		4.1700000763		2.625		0.5		0		0		0

		TYW1		023		A		1		6		red		0.29		0.0356435403		3.56		1.38		1.01		CP		0		4.1100001335		2.625		0.5		0		0		0

		TYW1		024		A		1		9		red		0.26		0.025636578		2.56		0.72		-0.54		NC		0		4.0999999046						0		0		0

		TYW1		025		A		1		6		red		0.65		0.1331682503		13.32		1.28		1.11		CP		0		4.2699999809		2.625		0.5		0		0		0

		TYW1		026		A		1		6		red		0.18		0.0545901954		5.46		2.22		1.64		CP		0		2		2.625		0.5		0		0		0

		TYW1		027		A		1		8		red								0.37		0.13		NC		0		1.6900000572						0		0		0

		TYW1		028		A		1		6		red		0.34		0.0034340385		0.34		0.49		-0.53		CP		0		4.0300002098		0.5		2.625		0		0		0

		TYW1		029		A		1		6		red				0.0166666675		1.67				0.03		CP		0		3.0399999619		2.625		0.5		0		0		0

		TYW1		001		B		1		8		gray				0.0599655472		6.00		-3.28		-0.33		CP		0		8.8000001907		3		1		0		0		0

		TYW1		002		B		1		8		gray				0.0169417039		1.69		-0.56		-1.04		CP		0.1299999952		3.9000000954		3		0.5		0		0		0

		TYW1		003		B		1		8		gray				0.0202969592		2.03		2.10		0.87		CP		0		6.0199999809		3		1		0		0		0

		TYW1		008		B		1		8		gray				0.0137645416		1.38		0.08		-0.77		CP		0		7.1199998856		3		1		0		0		0

		TYW1		010		B		1		8		gray				0.0037281003		0.37		-0.02				CP		0		3.0299999714		3		0.5		0		0		0

		TYW1		015		B		1		8		gray				0.0125944586		1.26		0.34		-0.74		CP		0		4.9099998474		2.625		0.5		0		0		0

		TYW1		016		B		1		8		gray				0.0230628513		2.31		0.61		-0.13				0		5.1599998474						0		0		0

		TYW1		020		B		1		8		gray				0.0027500154		0.28		-1.13		-0.58		CP		0		4.0399999619		2.625		0.5		0		0		0

		TYW1		027		B		1		8		gray												CP		0		1.0199999809		2		0.5		0		0		0

		TYW1		015		C		1		8		gray				0.0201005787		2.01		0.06		-1.02		CP		0		4.5500001907		2.625		0.5		0		0		0



&A

Page &P




