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EXECUTIVE SUMMARY

State Departments of Transportation are becoming more involved in providing
Agquatic Organism Passage (AOP) at road-stream crossings. Department of
Transportation (DOT) emphasis on AOP has been driven largely in response to
endangered species listings, other agencies’ initiatives, and the desire to restore
ecosystem connectivity to watercourses. UDOT is currently responsible for
approximately 47,000 culverts, but AOP is currently addressed only on an as-needed
basis. Currently UDOT has no formal prioritization or assessment strategy procedure for
AOP at UDOT road-stream crossings. Historical fish passage strategies have focused on
federally listed adult anadromous salmon and trout. These are generally very large fish
whose life cycle includes both fresh and salt water environs. These species have adapted
to the wetter conditions prevalent in their Pacific Northwest habitat. However, Utah fish
species have adapted to the arid conditions of the Great Basin, are generally much
smaller, and complete their life cycle entirely within fresh water. For UDOT these
differences represent a potential fundamental divergence in the approaches used for
providing fish passage in Utah vs. those historically used in the Pacific Northwest. The
purpose of this research was to develop a method of prioritizing culverts statewide and to
modify existing culvert assessment procedures for UDOT within a Great Basin/Utah

regional context.

Developed as part of the research are tools to prioritize and assess culverts. A
GIS database was developed to store fish passage assessment data as well as provide
functions to aid in prioritizing culverts on a state and regional level. A fish passage
assessment protocol for assessing UDOT culverts was developed based on existing fish
passage assessments. The culvert assessment was tailored to meet developed UDOT fish
passage strategies. A training manual was also created to aid technicians on performing

the several physical culvert assessments developed. Additionally, a mark and recapture
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study at six UDOT culverts was performed to field verify the developed culvert
assessment procedure A step by step methodology was then created to establish critical
progression for prioritizing and assessing culverts for fish passage utilizing project

results.
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1 INTRODUCTION

Increasing emphasis has been placed on local, state and federal agencies to
provide fish passage at culverts. This increased emphasis has expanded agency
responsibilities for locating, assessing and managing culverts. UDOT alone is
responsible for over 47,000 culverts statewide. The large number of culverts coupled
with the large amount of data collection required for culvert assessment, maintenance and
design, has agencies scrambling to comply by tracking and managing culverts for fish
passage. Additionally, state and regional agencies have struggled with ways to best

coordinate what is in reality a multi-agency task.

Fish passage at culverts has historically focused on providing passage for adult
anadromous salmonid species of the Pacific Northwest. This focus is a product of the
powerful social and economic status they retain as a source of recreation, food and
community symbol. These are large bodied fish that spend their adult life in the ocean
and return to freshwater rivers and streams to spawn. Their young may spend up to a
year in fresh water and subsequently migrate to the ocean where they develop into mature
adults.

Over time changes regarding the passage of non-salmonid fish have shaped the
current focus in providing fish passage at culverts. The latest paradigm shift incorporates
the passage of all life stages of salmonid and non-salmonid fish as well as non-fish
species such as frogs, crayfish, and other organisms whose life cycle is somehow
associated with potential migration within stream and river corridors. This new focus has

been coined as Aquatic Organism Passage (AOP).



This shift in fish passage focus to AOP has not yet been accompanied by a
corresponding trend in the development of culvert design and assessment tools. Current

design and assessment tools are still heavily weighted toward passing salmonid species.

For UDOT these conditions represent a potential fundamental divergence in the
anticipated methods used for providing fish passage in Utah vs. those historically
developed in the Pacific Northwest for salmonids. The purpose of this research was to
identify, modify and/or incorporate current fish passage methods into UDOT design and

assessment procedures within a Great Basin/Utah regional context.

1.1 Scope

The scope of this study was restricted to identifying, modifying, and/or
developing fish passage technology for road-stream crossings consisting of single or
multiple barrel culverts traversed by UDOT-managed roads and highways. Only the
passage of fish is considered.

1.2 Objectives

e Develop a strategy for prioritizing culverts for fish passage
e Create a pilot assessment database for UDOT based upon assessment results

e Determine an appropriate assessment protocol for Utah and test it in the field

1.3 Document Organization

The document begins with UDOT fish passage strategy detailing fish passage
ideals developed to govern agency-wide fish passage strategy. It contains the core values
governing the collection and evaluation of data used to develop the project deliverables.

The Fish Passage Prioritization, Fish Passage Assessment, and Assessment

Training sections follow. These sections deal with the content of fish passage



prioritization, fish passage assessment, and training manual procedures and tools
developed to fulfill the project objectives. Each section contains the methods, data

collection, and data evaluation used to develop the deliverables and final results.

The Field Verification follows. It contains the methods, data collection and data
evaluation used to field validate the culvert assessment procedure developed as part of
this project.

The conclusion section follows and summarizes the project objectives.
Recommendations conclude the main part of the report and cover the context and
resources needed to successfully implement the project deliverables. This section also
presents additional resources for UDOT use with the project deliverables.

Appendix A contains the Utah Department of Wildlife Resource’s (UDWR)
Sensitive Species List (SSL). This list contains fish species in Utah that have some
associated degree of federal/state protection or concern. Appendix B provides examples
of current culvert assessments used to help develop a culvert assessment procedure for
UDOT. Appendix C comprises data collected as part of the field verification for the
culvert assessment procedure developed for this project. Appendix D contains the
training manual associated with the developed culvert assessment protocol. This manual
was regulated to the appendices due to its formatting; it contains its own table of contents
and list of figures.






2 UDOT FISH PASSAGE STRATEGY

Initial meetings to develop UDOT fish passage prioritization strategies were held
in a multi-agency setting with input coming from BYU researchers and employees of
UDOT, the United States Forest Service (USFS), the Utah Department of Wildlife
Resources (UDWR), and the Central Utah Water Conservancy District (CUWCD).

The consensus of these meetings indicated that UDOT fish passage assessment
and design should focus on providing passage for the weakest swimmer/leaper species in
the watershed and that prioritization should be based on endangered status. The weakest

swimmer/leaper concept has been termed least specie passage by BYU researchers.

Due to the difficulty of providing specific fish passage tools for a wide range of
individual fish species, individual species may also be assembled into functional groups
that represent a general body form, size and swim behavior for that assemblage of
species; namely adult salmonids, juvenile or young of year salmonids and mid-water
minnows, and benthic fish. The expectation is that most of the variation in swim
performance is between functional groups rather than among individual species within
those groups. Developing culvert assessment and design tools along functional group
lines would make the design and assessment of culverts more predictable and

standardized thus streamlining the process and decreasing costs.

A discussion of possible functional groups developed:
e Groupl
o0 All species of adult salmonids
e Group2
o All species of juvenile or young of year salmonids

0 Species classified as mid-water minnows



e Group 3: Benthic

O Species such as cottids and catostomids

Additionally, methods of prioritizing culverts for performing fish passage
assessments should consider endangered or threatened fish species as precedent for
establishing priority. Culverts located in watersheds with greater numbers of listed or

threatened fish species should receive higher priority.



3 FISH PASSAGE PRIORITIZATION

3.1 Purpose

Decide how to rank culverts for field assessments of fish passage and provide
UDOT with a developed method of the same.

3.2 Methods

Organizations promoting and implementing fish passage rely heavily on databases
as a method for formatting, storing, tracking and accessing/disseminating fish passage
information. These organizations focus on databases that provide (1) a format to manage
culverts at the watershed scale, (2) are multi-agency accessible, and (3) provide data

retrieval, input and revision authorization to multiple agencies.

UDOT currently does not have a database in use for prioritizing culverts for fish
passage or storing fish passage data related to culverts. Research into GIS fish passage
databases was conducted to provide UDOT with a simplified database showcasing GIS
capabilities related to fish passage. GIS database functions were developed to focus on
prioritizing culverts statewide for fish passage assessment as well as storing fish passage
data.



3.3 Data Collection

Research conducted to identify potential GIS databases was performed by
literature review, internet search, and agency solicitation. Existing culvert databases used
for fish passage applications were identified for further study using the following set of
parameters:

e GIS based

e Database format related to fish passage at culverts

e Application of database at state or regional level

e Currently used by an agency with established fish passage experience

e Compatible with developed UDOT fish passage strategy

Initial research produced three databases found to be useful for UDOT:
e Alaska Dept. of Fish & Wildlife Fish Passage Inventory Database (FPID)
e CalFish California Fish Passage Assessment Database (CFPAD)
e U.S. Fish & Wildlife Service Fish Passage Decision Support System (FPDSS)

3.4 Data Evaluation

Functions and data storage formats of the several selected GIS databases used to
help create a UDOT GIS database were evaluated based on compatibility with least
specie and endangered status strategies.

Possible database functions and capabilities were discussed with UDOT, USFS,
UDWR, and CUWCD personnel as well as with Dr. Steven Barfuss and VVance Twitchell
of Utah State University. Dr. Barfuss and Mr. Twitchell have recently finished research
for UDOT on GIS culvert databases.



3.5 Results

3.5.1 General database format

The GIS database developed for UDOT includes the following shapefiles
obtained from the Utah Automated Geographic Reference Center (AGRC):
e Image data (Utah orthophotographic 1 meter resolution images)
e Topography data (Utah USGS 7.5 minute quad maps)
e Hydrology data (Rivers & Streams): SGID100_StreamsTIGER2000.shp

The database includes the following GIS shapefiles obtained from Chris Glazier
of the UDOT Engineering Technology Systems Division:
¢ Route data: routes06.shp

e Road-crossing data: pontis_sde.shp

The database includes the following GIS shapefile obtained from UDWR:
e Utah threatened and listed fish habitat distribution data: tes_20080220.shp

The following files and assessment tools were created specifically for the
database and are discussed further in this section:
e Utah CAPI.shp
e Hydraulic Filter
e Hydraulic Assessment
e Culvert Priority Index (CPI)
e UDOT _culverts.shp

e Fish_passage_calibration.xls



3.5.2 Utah_CAPI.shp

The Utah_CAPIL.shp file initializes culvert prioritization at the state level (figure
3-1). Using UDOQOT fish passage strategy guidance, regional areas were identified and
delineated based on value related to threatened & listed fish concentrations. This value is
derived from habitat distribution data obtained for threatened and listed fishes found on
the UDWR SSL located in Appendix A.

Figure 3-1: Utah State Culvert Assessment Priority Index Shapefile

e S1: Highest Priority (Greatest concentration of threatened and listed fishes)
e S2: High Priority
e S3: Low Priority

e S4: Lowest Priority (Least concentration of threatened and listed fishes)
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S denotes prioritization code for the state level. Culverts in those areas with the
lowest CAPI value are defined as having the highest priority for the next phase of

prioritization.

3.5.3 Hydraulic filter

The Hydraulic Filter was developed to use as a method of further prioritizing
culverts for assessment. The filter is based on a brief analysis of a culvert’s base flow
hydraulics. This filter is meant to be a rough filter and not a precise evaluation of the

culvert’s hydraulics at all flows. The filter process is illustrated in figure 3-2.
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Figure 3-2: Hydraulic Filter Used with the Level I Culvert Assessment

e R1: Highest Priority
e R2: High Priority
e R3: Lowest Priority

R denotes prioritization code for the regional level. The filter is applied for base

or “low flows”. In arid regions such as Utah this base flow condition is the predominant
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condition. Annual peaks in the hydrograph typically occur during snowmelt in the
Spring. This generalization allows us to conclude that for approximately 9-10 months out
of the year the base flow condition is the dominant flow. This allows us to make some
reasonable assumptions concerning stream discharge, culvert hydraulics and fish passage

for prioritization of culverts.

Stream discharge associated with the base flow condition will remain relatively
constant with respect to its effect on culvert hydraulics for 9-10 months of the year.
Culvert prioritizations based on low flow culvert hydraulics will generally give us a good
indicator of the “normal” culvert hydraulics fish encounter throughout most of the year in
Utah.

The hydraulic prioritization values are based on:

e R1

0 Perched or elevated outlet

0 Hydraulic drop at the inlet and/or inlet control

o Critical depth throughout culvert (no hydraulic jump)

e R2

o0 In-barrel change between inlet and outlet control

0 Hydraulic jump in culvert

0 Outlet is backwatered

e R3
o0 Outlet control
0 No hydraulic jump

0 Sub-critical flow throughout majority of culvert

3.5.4 Hydraulic assessment

This assessment is a rapid field assessment. Data collected during this assessment
is used to populate the Hydraulic Filter. This assessment takes approximately 5 minutes
to perform. All culvert data are reflected in the assessment photographs taken of the
culvert inlet and outlet (refer to figures 3-3 & 3-6):
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Date: Month/Day/Year

GPS coordinates of culvert inlet

Outlet elevation status: “Perched” or “Not Perched”
Outlet flow status: “Critical” or “Sub-critical”

Culvert backwater status: “Backwatered” or “Not Backwatered”

Figure 3-3: Hydraulic Assessment Photo of a Culvert Outlet

14



Figure 3-5: Hydraulic Assessment Photo of a Culvert Outlet
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Figure 3-6: Hydraulic Assessment Photo of a Culvert Inlet

Additional information regarding the hydraulic assessment is contained in the
UDOT Culvert Assessment Training Manual found in Appendix D. This document
contains training and implementation information regarding the methodology of
performing a hydraulic assessment and a fish passage assessment (section 4). The
hydraulic assessment is a rough rapid assessment used to help prioritize culverts
regionally using the hydraulic filter, while the fish passage assessment is a more
sophisticated assessment used to derive an actual fish passage status of a particular

culvert.

3.5.5 Culvert priority index (CPI)

The CPI is a numerical method used to further refine/filter regional culvert
prioritization derived from the hydraulic filter and assessment discussed previously.
This value takes into consideration the number of listed or threatened fish species in the
culvert watershed as well as upstream habitat fragmentation. The CPI contains the

following:
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e Habitat Fragmentation Index (HFI)
e Listed Species Index (LSI)

The HFI is a method of assigning assessment priority value to habitat
fragmentation exhibited upstream of culverts, it does not represent the actual/precise
fragmentation.  This value is suggestive of some characteristic level of habitat
fragmentation existing in the watershed upstream of the culvert in culverts per mile. The

HFI is calculated:

HFI = G/ (3-1)

where:
¢ = Number of road-crossings upstream

s = Miles of channel upstream of culvert

The LSI is a method of assigning assessment priority value to listed and threatened
fish species inhabiting the culvert watershed. Greater value is given to those species
whose threatened condition is considered to be greater, such as federally
endangered/threatened species. The individual species used in this index can be found in
Appendix A.

The UDWR tes_20080220.shp file provides Utah listed/threatened fish distribution
data in USGS 7.5 minute quad polygons. Using the Utah_CAPI.shp file the appropriate
culvert’s watershed polygon can be identified and selected. Overlapping the culvert
watershed with the UDWR tes_20080220.shp file correlates adjoined fish habitat
polygons and the selected culvert watershed polygon. The tes 20080220.shp file
attribute table can then be queried for the number and specie type of identified
listed/threatened fish species for the correlating watershed. These data are located on the
UDWR Sensitive Species List found in Appendix A. The corresponding LSI is

calculated:
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LSI = n, (100) + n, (50) (3-2)

Where:

n, = Number of federally endangered/threatened species in watershed

n, = Number of Utah conservation/concern species in watershed

The CPI is weighted toward the LSI due to UDOT fish passage strategy focusing
heavily on recovering habitat for fishes placed on the UDWR Sensitive Species List.
Using the LSI alone some culverts (occasionally culverts located in the same watershed)
may receive identical integer values and thus be “tied” in the prioritization process. The
HFI provides a fractional value which can more finely discriminate culverts possessing
the same LSI. In the case of culverts possessing the same LSI, upstream habitat
fragmentation is the distinguishing characteristic when determining assessment priority.
The CPI is calculated:

CPI = HFI + LSl (3-3)

where:
HFI = Habitat Fragmentation Index
LSI = Listed Specie Index

To facilitate prioritization flexibility the CPI has not only been structured to
provide a composite value of the HFI and LSI but provides discrete HFI and LSI data
simultaneously as well. HFI output is limited to integer values and significance is
restricted to the tens place or higher. LSI output is limited to non-integer values and
significance is restricted to the ones place or lower. Once familiarized with the CPI the
HFI and LSI components can be derived from the CPI alone. This provides decision
makers with some flexibility in determining what culverts should receive the next

level/round of assessment. If habitat fragmentation is determined to be a higher priority
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amongst culverts than the endangered status of fish in certain watersheds then the CPI
can still be used to provide prioritization in this regard. The CPI would then be evaluated

at the ones place, and lower for its non-integer component.

3.5.6 UDOT culverts.shp

The UDOT _culverts.shp file was generated in GIS to spatially display Utah
culvert locations and assist in prioritizing culverts and store fish passage prioritization

and assessment data (figure 3-7).

Figure 3-7: Fish Passage Culvert Shapefile UDOT _culverts.shp
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3.5.7 Fish passage calibration.xls

A Microsoft Excel file (figure 3-8) was created in association with the database
to:
e Electronically store data collected as part of the culvert assessment research
e Reduced non-essential data stored in UDOT _culverts.shp attribute table
e Facilitate calculation of assessment data used in calibrating culvert hydraulic

models

HYDRAULIC MODEL DATA

Data collected as part of this assessment has been provided to help engineers model
hydraulic conditions in culverts using hydraulic modeling software such as HY 8, FishXing and Hec-Ras.
Below is an outline of the data available in this worksheet to calibrate these models.

1 Back calculated Manning’s n value for the culvert and downstream channel
2 Location of hydraulic jumps

3 Water depth at Inlet and Outlet

4 Slope of water surface for culvert

5 Velocity at Inlet, Mid-Culvert and QOutlet

CULVERT Water Surface Depth
Inlet | Mid-Culvert| Outlet
Manning’s Coefficient:| 149 |{units: english = 1.49, metric = 1.0} [ft
Wetted Perimeter: ft
Hydraulic Radius:| 2DIVI0L |t
Slope: ot} Culvert Velocity
Cross Section Area: [t Inlet | Mid-Culvert| Outlet
Discharge: (ft*3) (ftfs)
Manning's n:[ #DIV/0!
Culvert Water Surface Slope
TAILWATER (ftit)
Manning’s Coefficient:| 149  |(units: english = 1,43, metric = 1.0)
Wetted Perimeter: ft
Hydraulic Radius:| #DIV0L |
Slope: [t
Cross Section Area: [t
Discharge: 0.0 (ft"3)
Manning’s n:| Z0IV0!

Figure 3-8: The Hydraulic Model Data Worksheet of the Fish_passage_calibration.xls file

The data contained in the Fish_passage_calibration.xls file is populated from the
fish passage assessment (section 4) and is used calibrate culvert hydraulic modeling
software such as FishXing and culvert design software such as WinHY-8. Calibration

has been shown to greatly increase the accuracy of the culvert hydraulic modeling
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software FishXing in predicting fish passage (Blank 2006).

Hydraulic model calibration data which can be calculated from the
Fish_passage_calibration.xls file follows:
e Back calculate Manning’s n value for culvert
e Back calculate Manning’s n value for tailwater
e General location of hydraulic jump
e Water surface slope of culvert for use as culvert energy line slope
e Depth of water at inlet and outlet

e Average velocities of inlet, mid-culvert and outlet

A copy of the GIS database developed as part of this project is found in the data
CD accompanying this report. The file is identified as UDOT _Database.mxd.
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4 FISH PASSAGE ASSESSMENT

4.1 Purpose

Decide how to field assess culverts for fish passage and provide UDOT with a

developed protocol of the same.

4.2 Methods

Agencies involved in fish passage have developed culvert assessment procedures
to aid them in predicting the ability of target fish to traverse upstream through culverts.
Fish passage assessments provide agencies with a local/site deterministic method of
classifying a culvert’s condition to pass specified fish upstream. These assessments are
composed of physical assessment data collected at the culvert site and flow charts called
“fish screens”. Fish screens are used to evaluate the physical assessment data and predict

fish passage status for the culvert in question.

UDOT currently does not have a culvert assessment procedure for evaluating
culverts for fish passage. Research into culvert assessment was conducted to provide
UDOT with an established agency-wide procedure for assessing the fish passage status of

its culverts.

4.3 Data Collection

Research conducted to identify potential culvert assessment procedures was
performed by literature review, internet search and agency solicitation. EXisting culvert
assessment procedures used for fish passage applications were identified for further study
using the following set of parameters:

e Application at State or regional level
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e Currently used by an agency with established fish passage experience
e Compatible with developed UDOT fish passage strategy of least specie and

endangered status

Initial research produced six culvert assessment documents found to be useful for
UDOT:

1. National Inventory and Assessment Procedure (Clarkin et. alt. 2003)

2. Maine Road Crossing Survey Manual-Draft E (Abbot 2007)

3. Fish Passage Barrier and Surface Water Diversion Screening Assessment and
Prioritization Manual (WDFW 2000)

4. Fish Passage Evaluation at Stream Crossings (Love 2003)

5. USFS Region 1 Adult & Juvenile Salmonid Fish Screens (USFS Unpublished)

6. Evaluation of a Predictive Model for Upstream Fish Passage Through Culverts
(Coffman 2005)

Examples of these documents are contained in Appendix B.

4.4 Data Evaluation

4.4.1 Physical assessment data

Several actions were taken to attain a reliable context for compiling a dependable
culvert assessment procedure:
e Develop a spatial context for the assessment procedure
e Evaluate relationship between data needs and time constraints

e Periodically meet with UDOT engineers to discus and revise the procedure

Spatial context for developing a UDOT culvert assessment procedure was
obtained by attending three days of USFS culvert assessment training. The body of

research was then reviewed to identify a core set of common procedural and physical data
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common to both USFS and UDOT needs. From this common set of data a template was
created to initialize the UDOT assessment procedure. Subsequent meetings with UDOT

engineers tailored the template to meet UDOT needs.

The general body of data compiled to produce the template relates to the
following:
e Physical dimensions of the culvert
e Longitudinal profile of upstream/downstream channel and the culvert itself
e Cross sectional profile of the downstream channel at the tailwater control

e General substrate characteristics related to the culvert

The template was then expanded for UDOT to include the following additional
data:
e Scour pool data points
e Additional culvert dimension & slope data points

e Hydraulic calibration data points

These data points were added to help UDOT better manage and identify scouring
at culverts and provide information for calibrating hydraulic software used in culvert
design and assessment. Data associated with calibrating hydraulic software includes:

e Back calculate a Manning’s roughness n value for culvert and tailwater
e ldentify general location of hydraulic jump occurring within culvert
e Depth of water at inlet and outlet

e Average culvert velocities at inlet, mid-culvert and outlet

Finally, a field verification study was performed on the fish passage assessment
procedure developed as part of this project to finalize and validate the procedure. A field
study was performed at six culverts to obtain observational fish passage data and

compare the study findings to fish passage data determined by the developed fish passage
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assessment procedure. The field verification study and subsequent comparisons are

contained in section 5.

4.4.2 Fish screens

Fish screens are used to evaluate physical fish passage assessment data and
produce a deterministic fish passage status for the culvert in question. Developing new
and field-tested fish screens for the developed fish passage assessment fell outside the
scope of this project. However, existing fish screens were researched to identify those
which may be of use to UDOT. Focus was given to those screens which predict fish
passage status of culverts at the functional group scale (i.e. adult salmonid, juvenile or
young of year salmonid and mid-water minnows, and benthic fish). After an extensive
search only one such set of fish screens was identified; these screens probably represent
the only non-salmonid screens currently in use for evaluating the fish passage status of
culverts in the nation. Although the current shift in the fish passage paradigm includes
providing passage for all fish species, culvert assessment research has been slow to
develop tools specific to this emerging demographic (Coffman 2005). Our research also
confirmed a lack of developed technology/tools for the fish passage assessment of non-

salmonid species.

Under the direction of Dr. Mark Hudy, Joseph Coffman, completed work
producing fish screens for functional groups of fishes categorized by size, shape and
expected similar swim speed physiology (Coffman 2005). These screens were developed
specifically to assess the fish passage of functional groups at culverts during base flow or
“low flow” conditions. This methodology mirrors the approach adopted in the UDOT
fish passage strategy. The fish screens provide passage data for salmonids as well as
non-salmonids. Although only one set of fish screens were identified, the Coffman fish
screens met our criteria of being currently in use by an agency with established fish
passage experience. Since 2005 the USFS Southern Region (TX, OK, AR, KY, TN, MS,
AL, GA, FL, LA, VA, SC, and NC) has used the Coffman fish screens to assess fish

passage for the several function groups at their culverts (Coffman et. alt. 2005).
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The strength of the Coffman fish screens is derived from the extensive review and
compilation of fish data used to develop the initial screens. The initial screens were
developed from data obtained during a comprehensive literature review of journal
publications, technical reports, and state and federal agency documents containing
relevant data on burst, sustained, and prolonged swimming speeds at varying flows and
depths (Coffman 2005). These data were collected without regard for regional specie
bias, meaning that data was not collected to be regionally specie specific but incorporated
comprehensive fish data obtained from all available sources. Based on these data an
initial fish screen for each of the following functional groups was created:
e Group A: Adult salmonids
o Salmonids: Trout

e Group B: Young of year (YOY) salmonids & cyprinidae
o0 Cyprinidae: Minnows

e Group C: Benthic
o Cottidae: Sculpins

o Percidae: Darters

4.5 Fish Passage Assessment Format

The fish passage assessment field data sheet (figure 4-1) contains nine main tasks:
Site Information

Photos

Culvert data

Substrate data

Longitudinal Survey data

Field calculations

Culvert Fish Passage Status & Fish Screens

Hydraulic calibration

Site Sketch

© © N o g &~ DN
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The fish screen in figure 4-2 derives a culvert’s fish passage status for the adult
salmonid functional group. After the main data are collected from the fish passage

assessment the data is used to populate the fish screen flow chart.

The presence of baffles indicates an unknown passage status (Grey). Baffles
require specialized and sophisticated methods to assess their fish passage status, such as
radio telemetry, mark and recapture or culvert hydraulic software capable of modeling
rapidly varying flow. If no baffles exist then the culvert is evaluated for conditions which

we assume will allow the passage of all fish.

If substrate is present throughout the entire culvert length we assume that the
culvert adequately mimics the natural hydraulics of the stream and therefore fish can pass
unimpeded through the culvert (Green). If the culvert is completely backwatered we
assume all fish can pass unimpeded through the culvert due to the presence of sub-critical

flow throughout the entire length of the culvert.

If these conditions do not exist we next evaluate the culvert’s outlet elevation with
respect to the downstream tailwater control. If the culvert’s outlet invert is higher in
elevation than the tailwater control elevation the culvert is considered perched. If this
elevation differential is greater than two feet for adult salmonids the culvert is considered

to be a total barrier to passage of adult salmonids and therefore impassable (Red).

Next the culvert slope is evaluated. A threshold value of 7.0 % indicates the
cutoff mark for passage or non-passage of adult salmonids. If the culvert slope is less
than 7.0 % then the culvert is evaluated further. The next phase of the fish screen
evaluates the culvert’s slope/length product. The slope (in %) is multiplied by the
culvert’s length. This product is then evaluated for passage (Green), unknown passage
(Grey), and non-passage (Red). Unknown passage indicates the culvert requires an
intermediate filter to further evaluate the fish passage status of the culvert. The

intermediate filter in this case is the USFS fish passage modeling software FishXing.
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FISH PASSAGE ASSESSMENT FIELD DATA SHEET

Surveyor Namez FieldDate: _ /| [
SITE

UDOT Resion: Route #: Milepost 5 Stream Name:

GPS: (Lat): (Long): Coordinate Systen: Unit=

PHOTOS: Provide Phofo #'s, Locations, and Shot Orientation in Sketch
[ ¢1) Embankmznt Locking Upstrzam [ 2) Embanlmant Locking Dovwnstraam
[J¢3% Looking at Outlet[ ] (4) Internsl Cubvert Structures [ ] {5) Slope Break in Culvart[ | (6) Looking at Inlet

O (7 mstream Stuctures[ ] (8) Bak Stabilization Stucturss [ (9) Local Erosion [ (100 Local Failuras

O 11) Othar:

CULVERT DATA:

Physzicak Length:  (ff) Fise:  (ff) Spam:  (ff) Dismeter: (f)
Scourwidth: _ (f) Scourlength: (f)

Corrugation (height): _ () (widt):__ (in)

Material: [] 8te2l[] Alwnimua [] Plastic[] Conermta[] Othar

Shape: (] Bex [ Circulsr Pip= [ Pipz-arch {Squash Pipe) () Horizontal Ellipse[] Arch [ Arch Box

Roughness: O Smocth[] Comg&ta—dﬁmularu Comugatad Spiral [ Platzd [] Paved[] Baflas[] 3lopz Brasks
Inlet: [] Projacted[ ] Mitersd [ ] Headwall [ ] Wingwsll {10-30 Deg) [ ] Wingwall (30-70 Deg)[ ] Apron [] Embeddad
Inlet Edge Conditionz: (] Grocved Edgz[] Square Edga[] Baveled Edgs

Outlet: [ ] At strzam ;ﬂdaD Parchad[ ] Cascada[] Riprap [ Frezfali[] Embedd=d[] Apron

Hydraulic Jump: O Absent[ ] Prasant

Hydrulic Jump Location: [ Inlat(] Outlet (] Uppar 2% Middle 2%[] Lower 3®

SUBSTRATE DATA: Provide Substrate Characteristics and Geometry in Sketch

Condition: (] Absent [0 Contimous [ Single Patch [ Patchy

Imlet: [] Absent[ ] Prasant Outlet: [ Absent[ ] Prasant

Ohserved Size: [ ] Boulars[] Cobbla[] Graval[] Sand [] Finas

Notez

Figure 4-1: Page 1 of Fish Passage Assessment Field Data Sheet Used to Collect Physical
Culvert Data. The Entire Document is Found in Appendix D
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vEs | Baffles Present?
L= 1
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Culvert Backwatered (P9 = P3)
YES OR
Substrate 100% through Culvert?
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e |
Outlet Drop = 2 ft VES

Al

Culwvert Slope (33) = 7.0%

Culvert Slope (%) < 7.0 %

4

Culvert Slope (35) » Culvert Length (fi) < 49

Culvert Slope (%) x Culvert Length (ff) = 600 >

4% = Culvert Slope (%) » Culvert Length (f) = 600

Figure 4-2: UDOT YOY Salmonid & Cyprinidae Fish Screen Used to Derive Fish Passage
Status of This Functional Group Using Physical Data Collected from a Fish Passage
Assessment (Modified Coffman 2005). All Fish Screens are located in Appendix D

A copy of the fish passage assessment procedure and accompanying fish screens
developed for UDOT is contained in Appendix D.
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5 ASSESSMENT TRAINING

5.1 Methods

Proper training for performing culvert assessment procedures is vital for correctly
conducting a culvert assessment. Typical training procedures provide hands on and
classroom instruction for field personnel in the correct procedure for collecting data.
Training should provide enough information for all to safely and efficiently perform the
selected culvert assessment method. The UDOT Culvert Assessment Training Manual
(CATM) has been developed to train UDOT employees and volunteers on the correct
methods of performing the hydraulic and fish passage assessment procedures developed
as part of this project.

5.2 Data Collection

Research conducted to identify potential assessment training methods for
evaluating fish passage at culverts was performed by literature review, internet search,
and agency solicitation, as well as experience gleaned from performing culvert

assessments as part of the assessment research.

Existing culvert assessment training procedures used for fish passage applications
were identified for further study using the following set of parameters:
e Currently used by an agency with established fish passage experience

e Compatible with developed UDOT fish passage strategy
Of the several procedures used for training on evaluating fish passage at culverts,
two were found to be useful for UDOT:

1. National Inventory and Assessment Procedure (Clarkin et. alt. 2003)
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2. FishXing: “A Tutorial on Field Procedures for Inventory and Assessment of
Road-Stream Crossings for Aquatic Organism Passage” (USFS 2008)

These resources may be accessed on the Internet at the following web addresses:
e National Inventory and Assessment Procedure:
http://www.stream.fs.fed.us/publications/PDFs/NIAP.pdf

e FishXing Tutorial: http://www.fs.fed.us/pnw/pep/PEP_inventory.html?x=1

5.3 Data Evaluation

Information for our procedure was developed in part from the training procedures
introduced in section 5.2 as well as from experience drawn from the development and

testing of the fish passage assessment procedure.

5.4 Results

As part of the project a culvert assessment training manual was created. The
UDOT Culvert Assessment Training Manual (CATM) contains information to train
UDOT employees and volunteers on the several developed prioritization assessment
procedures:

e Hydraulic assessment (section 3)

e Fish passage assessment (section 4)

The CATM has been formatted to the same format as this report. It contains its
own table of contents, list of figures and tables and related appendices. In an effort to
reduce data duplication the reader is referred to the CATM for comprehensive
information regarding training on and descriptions of both the hydraulic and fish passage

assessment procedures.
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6 FIELD VERIFICATION OF ASSESSMENT PROTOCOL

6.1 Methods

The fish passage assessment is completed using physical data collected at the
culvert site and flow charts called “fish screens”. Fish screens are used to evaluate the
physical culvert data in light of Utah fish swimming and leaping abilities to predict fish
passage status for the culvert in question. Using fish screens, assessors can predict the

culvert’s ability, or lack thereof, to pass fish upstream.

Field verification of the fish passage assessment procedure was performed. Field
validation was conducted to compare empirical fish passage data obtained at six UDOT
culverts vs. the fish passage status predicted by a fish passage assessment. Empirical data
came from a mark and recapture study on fish populations upstream and downstream of
the culverts. The field verification study is broken down into four phases:

1. Phase one: Chose culvert sites for performing mark and recapture study

2. Phase two: Collect and mark distinct upstream and downstream fish populations
from culverts

3. Phase three: Perform fish passage assessment with developed protocol on all
culverts incorporated in the mark and recapture study

4. Phase four: Recapture and identify marked individual specimens as moving
upstream through culverts
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6.2 Data Collection

6.2.1 Site selection

In collaboration with the UDOT, UDWR and USFS personnel, culverts chosen

were based on:

Passing least species, or weakest swimming/leaper in watershed
Determining passage for a functional group of fishes

Being located in drainages possessing adequate species diversity

Sample set of culverts should be perceptually chosen to incorporate passage
status of passing, not passing and unknown passing

Varying sizes

Using the above culvert criteria we were able to develop the following set of

target characteristics for our culverts:

Generally located on larger streams

Locate one sample on smaller stream

Locate in watersheds with adequate fish diversity

One sample possessing perch or negative residual outlet depth
One sample containing baffles

One sample of inlet control

The investigation phase consisted of traveling statewide to identify potential

culverts for field test (figure 6-1), and collaborating with regional UDWR representatives

to determine weather or not we could shock fish.

34



2):

Figure 6-1: Travel Routes Taken to Find Appropriate Culvert Sites for Field Verification
Study

The following sites were selected to use in the field verification study (figure 6-

Soldier Creek at HWY 89 (Spanish Fork Canyon near Spanish Fork, Utah)
Diamond Fork River at HWY 6 (Spanish Fork Canyon near Spanish Fork, Utah)
Salina Creek at HWY 70 (Approximately 15 miles east of Salina, Utah)
Daniel’s Creek at HWY 40 (Approximately 12 miles South East of Heber, Utah)
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Figure 6-2: Locations of the Four Field Sites Used in the Field Verification Study

Two culverts each were sampled at the Diamond Fork and Daniel’s Creek sites
respectively. This was due to their close proximity to each other. For all other sites one
culvert was sampled. Downstream culverts at the Diamond Fork and Daniel’s Creek sites
are identified as culvert #1 and the upstream culverts at each site are identified as culvert
#2. The general characteristics of each of the six culverts are summarized in table 6-1

and each culvert outlet and inlet is illustrated in figures 6-3 through 6-14.
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Table 6-1: General Culvert Dimensions of Culverts at Field Verification Sites

GENERAL CULVERT DATA

SITE Span (ft) | Length (ft)| Slope (%) | Inlet/Outlet Control
Diamond Fork #1 12 164 0.60 Fish Baffles
Diamond Fork #2 12 590 0.74 Fish Baffles
Salina Creek 14.5 255 0.56 Inlet
Solider Creek 17.5 600 0.27 Outlet
Daniel's Creek #1 6.5 20 0.83 Outlet
Daniel's Creek #2 6.5 94 1.69 Inlet

Figure 6-3: Diamond Fork Culvert #1 Outlet Located at the Diamond Fork Field
Verification Site
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Figure 6-4: Diamond Fork Culvert #1 Inlet Located at the Diamond Fork Field Verification
Site

Figure 6-5: Diamond Fork Culvert #2 Outlet Located at the Diamond Fork Field Verification
Site
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Figure 6-6: Diamond Fork Culvert #2 Inlet Located at the Diamond Fork Field Verification
Site

Figure 6-7: Salina Creek Culvert Outlet Located at the Salina Creek Field Verification Site
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Figure 6-9: Soldier Creek Culvert Outlet Located at the Soldier Creek Field Verification Site
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Figure 6-11: Daniel’s Creek Culvert #1 Outlet Located at the Daniels Creek Field Verification
Site
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Figure 6-12: Daniel’s Creek Culvert #1 Inlet Located at the Daniels Creek Field Verification
Site

Figure 6-13: Daniel’s Creek Culvert #2 Outlet Located at the Daniels Creek Field Verification
Site
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Figure 6-14: Daniel’s Creek Culvert #2 Inlet Located at the Daniels Creek Field Verification
Site

6.2.2 Collection and marking

Data were collected using electro-shock methods for obtaining fish specimens at
selected culvert sites. Specimens were collected by hand and block nets downstream and
upstream from culverts. Standard length was recorded for every collected specimen.
Upstream and downstream populations of fish were identified by injecting a visible color
coded tag just beneath the surface of transparent areas of skin; color x for the upstream
population and color y for the downstream population. Specimens were subsequently
released back into the stream respective to their upstream or downstream collection site.
Upstream populations were placed 20 meters upstream from the culvert inlet and
downstream populations were placed 10 meters downstream from the culvert outlet.
Sixty to ninety days later culvert sites were revisited and upstream and downstream fish
specimens were again collected by electro-shock methods. Collected specimens were
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inspected for previous injection of color coded tags. Fish were recognized as original

upstream or downstream populations by tag identification.

Photos illustrating the collection (figure 6-15 and 6-16), measurement (figure 6-
17), tagging (figure 6-18), and tag location (figures 6-19 and 6-20) of fish specimens

follow.

Figure 6-15: Collecting Fish Specimens by Electro-shocking and Netting Methods
Downstream of Salina Creek Culvert
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Figure 6-17: Measuring Standard Length of Bonneville Cutthroat Trout at Salina Creek Site
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Figure 6-18: Tagging a Leatherside Chub near the Base of the Caudal Fin at the Salina Creek
Site

Figure 6-19: Yellow Subcutaneous Epoxy Tag near the Base of the Caudal Fin
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Figure 6-20: Yellow Subcutaneous Epoxy Tag Anterior and Posterior of Fish Eye

Data collected during this phase of the field verification study is found in
Appendix C.

6.2.3 Fish passage assessment

After the collection and marking phase of the mark and recapture study was
completed a fish passage assessment was performed on each of the six culverts in the
field verification study. Table 6-2 summarizes the fish passage assessment findings
predicted by the Coffman fish screens.
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Table 6-2: Fish Passage Prediction Produced by Coffman Fish Screens

COFFMAN FISH SCREEN PREDICTIONS

CULVERT AS YS/C B
Diamond Fork #1 UNKNOWN UNKNOWN UNKNOWN
Diamond Fork #2 UNKNOWN UNKNOWN UNKNOWN
Salina Creek IMPASSABLE IMPASSABLE IMPASSABLE
Solider Creek PASSABLE PASSABLE PASSABLE
Daniel's Creek #1 PASSABLE PASSABLE PASSABLE
Daniel's Creek #2 INDETERMINATE | INDETERMINATE | IMPASSABLE

* AS = Adult Salmonid YS/C = Young of Year Salmonid & Cyprinidae
B = Benthic

Data collected as part of the fish passage assessment performed on each of the

culverts are found in Appendix C.

6.2.4 Recapture

Fish were re-collected at each of the original six field verification sites using
electro-shocking and netting methods described previously. Upstream movement of
originally identified downstream specimens was evaluated based on tag color of collected
specimens. Table 6-3 summarizes the actual observation of functional group species

moving completely upstream through the culvert from the downstream population.

Table 6-4 summarizes the final fish passage status of each culvert based on the
assumed fish passage of young of year salmonids and cyprinidae (YS/C). Individuals
from the YS/C functional group were tagged but not observed passing upstream through
the culvert. The expectation is that due to the passage of the least specie (benthic)

functional group we can conclude that the culvert is passable for all groups.

A mountain sucker (Benthic functional group) was observed passing upstream
through the Salina Creek Culvert. The culvert perch was greater than two feet and flow
was constricted by the presence of a wildlife trail in the culvert. The culvert was inlet

controlled and critical flow was observed throughout the culvert. How this individual
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was able to traverse the culvert is puzzling. Hydraulic conditions at some flow between
the base and peak flow allowed the fish passage upstream. Due to culvert conditions we
can’t reasonably expect this culvert to pass fish upstream. The fact that one individual

made it through is astounding.

Table 6-3: Observations of Downstream Marked Fish Passing Completely through the
Culvert in the Upstream Direction

MARK & RECAPTURE CULVERT PASSAGE OBSERVATIONS

CULVERT AS YS/C B
Diamond Fork #1 NO NO NO
Diamond Fork #2 NO NO NO
Salina Creek NO NO O
Solider Creek NO O O
Daniel's Creek #1 O NO O
Daniel's Creek #2 (0] NO 0]

* AS = Adult Salmonid YS/C = Young of Year Salmonid & Cyprinidae
B = Benthic O = Observed NO = Not Observed

Table 6-4: Final Fish Passage Status Based on Expected Physiology of Young of Year
Salmonids and Cyprinidae when Benthic Fish were Found Passing but Young of Year
Salmonids and Cyprinidae were not Observed Passing

OBSERVATIONAL FISH PASSAGE CONCLUSIONS

CULVERT AS YS/C B
Diamond Fork #1 UNKNOWN UNKNOWN UNKNOWN
Diamond Fork #2 UNKNOWN UNKNOWN UNKNOWN
Salina Creek NP NP NP
Solider Creek P P P
Daniel's Creek #1 P P P
Daniel's Creek #2 P P P

* AS = Adult Salmonid YS/C = Young of Year Salmonid & Cyprinidae
B = Benthic P = Passable NP = No Passage

Data collected as part of the recapture at each of the culverts are found in
Appendix C.
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6.3 Data Evaluation

Diamond Fork #1 and #2 culverts possessed fish baffles to facilitate upstream
passage of fish. These baffles were found to have been completely filled in with
sediment in several places creating a total barrier to upstream passage. This condition
may be why no observation of fish passing through the culvert at these sites was

observed.

The Salina Creek culvert possessed a slope of 0.56 % and a perched outlet of
greater than 2 ft with a cascading outlet flow over concrete and riprap. It also possessed a
wildlife trail which greatly constricted normal flows. The culvert was inlet controlled
during the assessment and sub-critical flow was absent the entire length of the culvert.

One Mountain sucker was observed moving completely upstream through the culvert.

The Soldier Creek culvert possessed a slope of 0.27 % and was completely
backwatered. This indicated that the tailwater control elevation was greater than the
culvert inlet invert elevation. The culvert was outlet controlled during the assessment and
the culvert possessed sub-critical flow the entire length of the culvert. Four Leatherside
chub, two Mountain sucker, and one Longnose dace were observed moving completely

upstream through the culvert.

The Daniel’s Creek #1 culvert possessed a slope of 0.83 % and was completely
backwatered. This indicated that the tailwater control elevation was greater than the
culvert inlet invert elevation.  The culvert was outlet controlled during the assessment
and the culvert possessed sub-critical flow the entire length of the culvert. Two Mottled
sculpin and four Brown trout were observed moving completely upstream through the

culvert.

The Daniel’s Creek #2 culvert possessed a slope of 1.69 % and was inlet

controlled during the assessment. A hydraulic jump occurred near mid-culvert and the
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culvert outlet was backwatered. This indicated that the tailwater control elevation was
greater than the culvert outlet invert. Correspondingly sub-critical and critical flow was
present simultaneously in the culvert. One sculpin, two Cutthroat trout, and seven Brown

trout were observed moving completely upstream through the culvert upstream.

Based on the fish baffles found in the Diamond Fork #1 and #2 culverts we expect
the Coffman screens are unable to derive a fish passage status for these culverts and will

need to be modified to incorporate analysis of this culvert condition.

Based on the observed passage of fish and culvert conditions we conclude that the
Salina Creek culvert generally does not allow fish passage for any species. We would
expect the Coffman screens to derive a fish passage status of impassable for all functional

groups at this culvert.

Based on the observed passage of fish and culvert conditions we conclude that the
Soldier Creek and Daniel’s Creek #1 culverts allow passage of all functional groups. We
would expect the Coffman screens to derive a fish passage status of passable for all
functional groups at these culverts.

Based on the observed passage of fish and culvert conditions we conclude that the
Daniel’s Creek #2 culvert allows an unknown degree of fish passage for all functional
groups. We would expect the Coffman screens to derive a fish passage status of passable
or indeterminate for all functional groups at this culvert.
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Table 6-5: Coffman Fish Screen Predictions Compared to Observed Fish Passage Data

COFFMAN PREDICTIONS COMPARED TO OBSERVATIONAL DATA
CULVERT AS YS/IC B
Diamond Fork #1 DEFICIENT DEFICIENT DEFICIENT
Diamond Fork #2 DEFICIENT DEFICIENT DEFICIENT
Salina Creek EQUIVALENT EQUIVALENT EQUIVALENT
Solider Creek EQUIVALENT EQUIVALENT EQUIVALENT
Daniel's Creek #1 EQUIVALENT EQUIVALENT EQUIVALENT
Daniel's Creek #2 EQUIVALENT EQUIVALENT DISSIMILAR
* AS = Adult Salmonid YS/C = Young of Year Salmonid & Cyprinidae

B = Benthic

Table 6-5 summarizes the comparisons between predictions made by the Coffman

fish screens and the observational data.

For the Diamond Fork #1 and #2 culverts the Coffman fish screens are unable to
predict passage due to the presence of fish baffles. This is a common occurrence in fish
screens. Due to the complex hydraulics of these structures a fish screen is inappropriate
for establishing the fish passage status of culverts possessing this condition. Additional
tools, such as complex hydraulic models are utilized for assessing the fish passage of

culverts.

For the Salina Creek, Soldier Creek, and Daniel’s Creek #1 culverts the Coffman
fish screens correctly predicted the expected fish passage status of the culvert. For the
Daniel’s Creek #2 culvert the Coffman screen correctly predicted the expected fish
passage status of the culvert for adult salmonids (AS) and young of year
salmonids/cyrinidae (YS/C), but did not correctly predict the passage status of benthic
fish (B).

The limiting factor in the unexpected fish passage status of benthic fish at the
Daniel’s Creek #2 was the culvert slope/length product. The threshold value for deriving

an impassable status in benthic fish is approximately equal to or greater than 151 ft. The
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actual value was 159 ft. This does not likely represent a reasonable deviation from the
established value and the screen can be calibrated to incorporate this data point.

6.3.1 Results

Generally the Coffman screen correctly predicted fish passage/no passage;
exceptions were the Diamond Fork #1 and #2 culverts as well as Daniel’s Creek #2
culvert’s benthic functional group. As a result, the Coffman screen and field assessment
procedures were modified as follows:

e An indeterminate fish passage status is indicated for culverts containing fish

baffles

e Modify culvert assessment procedure to incorporate what measures to take

when encountering fish baffles at assessed culverts

e Calibrate Coffman Group C (Benthic) screen to derive a passage status of

indeterminate for the observed Daniel’s creek #2 benthic status based on
modification procedure found in Coffman (2005)
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7 PROJECT SUMMARY & CONCLUSIONS

Deliverables created as part of this project have been developed to meet the
established criteria for UDOT fish passage strategy expectations and to fulfill project
objectives.

Project objectives were to:

1. Develop a strategy for prioritizing culverts for fish passage
2. Create a pilot assessment database for UDOT to build upon based upon
assessment results

3. Determine an appropriate assessment protocol for Utah and test it in the field

Deliverables and the associated project objectives they fulfill are as follows:

=

Fish Passage Database and associated tools
e Develop a strategy for prioritizing culverts for fish passage
e Create a pilot assessment database for UDOT to build upon based upon

assessment results

no

Fish Passage Assessment
e Determine an appropriate assessment protocol for Utah and test it in the field
3. Culvert Assessment Training Manual

e Determine an appropriate assessment protocol for Utah and test it in the field

We conclude that:
1. The Fish Passage Database and associated tools
e Provide a useful systematic method of tracking and prioritizing culverts at the
state and regional level for fish passage assessment
e Provides prioritization based on fish endangered status and habitat

fragmentation
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e Stores appropriate data associated with managing UDOT culverts for fish
passage

e Provides a format to expand or incorporate existing database functions into
future UDOT GIS databases

2. The Fish Passage Assessment
e |s avalidated and appropriate protocol for assessing the fish passage status of
UDOT culverts
e Provides evaluation of fish passage based on functional group passage
e Incorporates data to appropriately calibrate hydraulic culvert modeling

software

3. The Culvert Assessment Training Manual (CATM)
e Provides sufficient background and information to train individuals on culvert

assessments developed for UDOT
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8 RECOMMENDATIONS

8.1 Fish Passage Prioritization & Assessment Implementation Plan

A conceptual framework was created to establish critical progression for
prioritizing culverts for fish passage utilizing the project deliverables. This framework
has been developed to meet the established criteria for UDOT fish passage strategy
expectations. The implementation and execution of the several project deliverables as
they pertain to the developed UDOT fish passage strategy has been termed the UDOT
Fish Passage Prioritization & Assessment Implementation Plan (FPAIP) (figure 8-1).
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Initiate GIS Database

:

Select Appropriate Utah_CAPI shp Region for Assessment

.

Use GIS Topo image, Aerial image, Route, Stream, and
Road-crossing Data to Identify Potential Culvert Locations

.

Populate Culverts on UDOT _culverts shp & Generate Map of Culvert Sites

.

Perform Hydraulic Assessment on Selected Culverts

|

Populate UDOT _culverts shp with Hvdraulic Assessment Data

.

Based on CPI & Hydraulic Assessment Generate List of Culverts for Fish
Passage Assessment

.

Perform Fish Passage Assessments on Selected Culverts

.

Populate Fish_passage_calibration x1s with Fish Passage Assessment Data

.

Populate UDOT _culverts shp with UDOT Defined Fish Passage Assessment Data

.

Use Data to Evaluate and Select UDOT Appropriate Fish Passage Projects

Figure 8-1: Flow Chart Outlining the FPAIP

The FPAIP is initiating by entering the GIS database and selecting the desired
Utah region for assessment using the Utah CAPl.shp file. Regions are selected
according to state priority codes S1 through S4. S1 receives the highest priority and S4

receives the lowest priority.

Regions retaining a S1 prioritization should be investigated first. Using topo and

aerial images and route, stream, and road-crossing data the selected region is evaluated
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for potential culvert sites. Sites which represent a reasonable expectation of being a
culvert and possessing sufficient water to support a viable population of fish are

generated on a map or list.

Trained field technicians perform a hydraulic assessment on all listed culverts by
evaluating simple culvert hydraulics and taking photos of the inlet and outlet. All data
points from the assessment are populated on an erasable marker board which is held and
photographed while taking photos of the inlet and outlet. A comprehensive outline of the

hydraulic assessment is contained in Appendix D.

Data collected from the hydraulic assessment is populated to the
UDOT _culverts.shp file. Assessment photographs are linked to each corresponding
individual culvert assessed. The hydraulic assessment prioritizes culverts regionally.
Culverts are selected according to regional priority codes R1 through R3. R1 receives the

highest priority and R3 receives the lowest priority.

Using fish distribution, stream and route data in GIS the Culvert Priority Index
(CPI) is generated for those culverts which have had a hydraulic assessment performed.
This value is stored as a culvert attribute for corresponding culverts in the
UDOT _culverts.shp file.

Based on regional priority values (R1, R2, & R3) culverts are now grouped for
prioritization with the CPI. Culverts retaining a R1 prioritization should be investigated
first. The CPI prioritizes these culverts for a comprehensive fish passage assessment.
Those culverts with higher CPI values indicate a greater need for assessment with the fish
passage assessment procedure. The culverts from the priority group R1 are generated

onto a map or list.
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Using the R1 group list a fish passage assessment is performed in descending
order of the CPI value. Fish passage assessment data provides a deterministic passage
status for the functional groups of fish:

e Adult salmonid
e Young of year salmonid and cyprinidae

e Benthic

Data collected from the fish passage assessment is populated to the
fish_passage_calibration.xls file if further assessment is warranted. Culverts require
further assessment when a GREY passage status is obtained from any one of the fish
screens. The fish_passage_calibration.xls file facilitates calculating data used to calibrate
culvert hydraulic models such as FishXing. This aspect of the FPAIP is covered in

greater detail in the assessment training manual contained in Appendix D.

At this point the FPAIP functionally ends; prioritization is no longer the
controlling factor. Culverts can now be selected for replacement or retrofit for fish
passage. Due to budgetary, political, legal, and other mitigating circumstances it lies
outside the scope of our project to determine which fish passage projects may possess
both the opportunity and agency ability to complete. However, culverts can be selected
for further prioritized based on the number of functional groups the culvert successfully
passes or needs to pass. Culverts representing the highest priority should be identified
and shared with other state agencies involved in fish passage.

8.2 GIS Database Context

Past culvert management and maintenance databases have relied heavily on an
individual point resource management approach. This technique allows agencies to track
and manage culverts as single unconnected resources with a spatial scale composed of the
immediate physical area of the culvert. As culvert management emphasis has changed to

incorporate the growing area of fish passage, the technology to store, track and manage
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fish passage data has been slow to respond to the needs of the accompanying paradigm
shift. As the UDOT Fish Passage GIS Database was developed we drew the following
conclusions as to the scope of its successful use:

e Management of culverts at the watershed scale

e Multi-agency communication, cooperation, and planning

Current advanced fish passage database technologies manage culverts using
management tools which not only include the former spatial scale but also incorporate a
watershed spatial scale. At the watershed scale, aquatic habitat restoration, such as fish
passage, focuses and concentrates on restoring ecosystem functions rather than simple
point resource management. This watershed focus ensures restorative efforts are
organized and performed at a scale which is most beneficial for protecting and enhancing
the diverse aquatic functions the many biotic resources in the watershed rely upon (Bohn
2002). The relative number of ecosystem functions, the number of agencies with
controlling interest over those functions, and the overlapping management boundaries
creates a dynamic where no one agency has authorization or resources to restore all or
many of the eco-system functions at the watershed scale. Therefore, successful
management of culverts for fish passage must include management on a watershed scale
and must include cooperating with other agencies and private entities which manage and
own overlapping or interconnected ecosystem functions and natural resources within the

same watershed.

8.3 GIS Database Resources

Currently UDOT is partnering with the Utah Automated Geographic Reference
Center (AGRC) to create an interagency GIS database containing culvert fish passage
data which can be viewed and populated with data by select federal, state and private

organizations.
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Through our research several key relationships have been made with ADFG
employees working with the FPID. Although permission to obtain a copy of the ADFG
database has not been expressly granted, all prior communications with the ADFG
indicate that the agency is more than willing to cooperate with UDOT/AGRC in this
matter. Additional contact and communication with the ADFG will be needed to develop
a relationship such that the ADFG gives its consent for UDOT/AGRC to obtain a copy of
the FPID for UDOT/AGRC use. Currently the FPID is not well designed for producing
functioning copies to outside sources. The ADFG is in the process of simplifying their
GIS database, such that producing functioning copies via CD to other agencies in the
future can be feasible. Simultaneously the ADFG is seeking to streamline data collection
and upload to make the database more efficient and user friendly. This situation presents
an opportunity for UDOT/AGRC to joint venture with the ADFG. Possible methods of
contribution could include technical recourses and/or monetary funding. Another option
is that ADFG may not require such contributions and may make the database available to

UDOT at no charge once completion of the redesign process is finished.

8.4 Culvert Assessment Resources

Culvert assessments may be provided by volunteer help at no cost to UDOT. The
magnetizing environmental ideologies surrounding fish passage make it a highly visible
and attractive volunteer project for communities and organizations who value natural
resources. Agencies coordinating volunteer efforts such as the following provide direct
and often free assistance to entities seeking to perform assessments/projects dealing with
natural resources:

e Utah Fish & Wildlife Management Assistance Office

0 Phone: (435) 789-0351

o Email: UtahFishandWildlife@fws.gov

0 Web Site: www.fws.gov/utahfishandwildlife/index.htm

e Utah Council of Trout Unlimited
o Council Chair: Chris Thomas
0 Phone: (435)-797-3753
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(0]

(0]

Email: chris.thomas@usu.edu
Web Site: http://www.tuutah.org/

e Utah Chapter Sportsmen for Fish and Wildlife

(0]

o

(0}

(0]

Chairman: John Bair

Phone: (801)-472-0552

Email: bairauctions@yahoo.com

Web Site: http://www.sfwsfh.org/utah.cfm

e Utah Department of Wildlife Resources Dedicated Hunter Program

(0]

(0]

(0}

(0}

Central Region: Rhianna Christopher

Phone: (801)-538-4710

Email: RhiannaChristopher@utah.gov
Web Site: http://wildlife.utah.gov/dh/

Additionally the following local resources might be initialized through/by UDOT:

e Local Adopt a Culvert Programs

(0]

(0}

Schools

Local clubs

These organizations only represent some of the possible volunteer resources

which are available within the state of Utah. Additional time and consideration should be

given to identifying those resources and drawing upon them of possible.
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Appendix A UDWR SENSETIVE SPECIES LIST (SSL)

The following contains the introduction to the UDWR SSL and the list of target
Utah fish species which possess some level of federal or state protected or threatened

status.
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State of Utah
Department of Natural Resources
Division of Wildlife Resources

Utah Sensitive Species List

December 14, 2007

Thiz list has been prepared pursuant to Utah Division of Wildlife Resources
Administrative Fule R637-48. By rule, wildhife species that are federally listed,
candidates for federal listing, or for which a conservation agreement is in place
automatically qualify for the Utah Sensitive Species List. The additicnal species on the
Ltah Sensitive Species List, “wildlife species of concern.” are those species for which
there is credible scientific evidence to substantiate a threat to confinued population
viability. It is anticipated that wildlife species of concem designations will identify
species for which conservation actions are needed, and that timely and appropriate
conservation actions implemented on their behalf will preclude the need to list these
species under the provisions of the federal Endangered Species Act. Please see Appendix
A for the rationale behind each wildlife species of concern designation.

Figure A-1: Introduction to UDWR SSL
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Utah Sensitive Species List
Fishes

Federal Candidate Species
(None)

Federally Threatened Species
Lahemtan Cutthroat Trout (introduced)

Federally Endangered Species
Humpback Chub
Bonytail
Mirgin Chub
Colorado Pileemsnnow
Woundfin
June Sucker
Bazorback Sucker

Conservation Agreement Species

Bonneville Cutthroat Trout

Colorado Biver Cutthroat Trout
Jirgin spinedace

Least Chnb

Foundtail Chub

Blushead Suclker

Flannelmouth Suclker

Wildlife Species of Concern
Morthern Leatherside Chub
Southern Leatherside Chub
Desert Sucker

Yellowstone Cutthroat Trout
Bear Lake Whitefish
Bonneville Cisco

Bonneville Whitefish

Bear Lake Sculpin

Utah Sensitive Species List — December 14, 2007
2of7

Oneorhynchus clavkii henshawi

Gila cypha

Gila elagans

Gila seminuda
Ptychocheils lucius
Plagopterus argentissinms
Chasmistes orus
Xyrauchen texanus

Onecorlynchus clavkdd utah
Onecorlynchus clovkii plawiticus
Lepidomeda mollispinis mollispiniz
Totichthys phlsgethontis

Gila robusta

Catostomus discobolis
Catostomus latipinnis

Lepidomeda copel
Lepidomeda alicias
Catostormus clarkii
Onecorlynchus clarkii bowvieri
FProsopium abyssicola
Prosopium gemmifer
FProsopium spilonotus

Cothis extensis

Figure A-2: List of Fish on UDWR SSL
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Appendix B EXAMPLES OF CULVERT ASSESSMENT TOOLS

The following contains several prominent culvert assessment procedures and fish

screens the fish passage assessment procedure is based on.

USFS NATIONAL INVENTORY & ASSESSMENT PROCEDURE
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Passage Through

Forest District

Crossings Assessment

Crossing ID number

Route number: INFRA milepost:

WMilepost: from junction of read no.

Structure of
Structure milepost

Watershed 6" HUC or name:

Stream name:

7.5-mnute quad name:

Legal description: T.__ 5/N. R.

XY Coordinates

Su reyor names:

Land ownership: NF Other:
o ___ef__'% Prncipal meridian
Coordinate system Datum

Field date: ___/ i

[EROSSING STRUCTURE|

Multiple structures at site:
Shape Dimensions (inches) . l . .
- i . o __ #uother openings igentical to main structure
Ecr:ula width: height: Mileposts
[ Open-bottom arch Rust line: {feet) __ #different openings with forms completed
E :ﬁi'ar‘:" S ___ #overflow pipes-—no forms completed
[(Jvented ford F Milepasts
[Brdge Fs __ #overflow pipes with forms completed
OCther
Structure shape comments
Structure material Caorrugations Skew from road
[ Spiral CMP [ 2 2/3 x 'z inch
I:Iﬁ.n"ula'C".n'I:L]r [ Stee! [ Auminum [d3x1inch ____degress
[] Structural plat [05x1inch
[] Concrete [J 8 x 2 inch {SSP only)
[]PvVC [ wone
[] Wood or log [ Paved or smocth inver:
[] Cther: [ <her:
Inlet type Outlet configuration —
[] Projectng [Jat stream grade Fill Volume. .
[] Miteres [Jeascade over rigrap {upstraam £ slope length): -
[ Wingwall 10-20° Clire=fall into paal {downstream fill slope length):
(] Wingwall 30-70° [CJfrestall onto riprap islope of upstream fll}; %
[1 Headwall Ceutiet apren (slope :uf_p ownstream fill); L
[ &pron [ other: gj?cad 'J‘J.Id'.h:ﬂ*
[ ] Trachrack Describe {length of road on fill):
] Other: W, (length of fill base): _
Crescribe:

Baffles, weirs or other internal structures: Yes

Cescribe (s=e skefch):

Na WMaterial:

Pipe condition: [] Breaks inside culvert (Location
[JFil ereding [ Dieloris plugging infet (% blockage

i
i O Bentinlet [ Botwom worm Srough

[ Poor alignment with stream [ Debris in cubvert {rock or wood) [ Bottom rusted through [0 Water fiossng under cubvert

[ Cther

Describe overall conditon

Diversion Potential: Yes Mo Commenis:

63

Figure B-1: Page 1 of U.S. Forest Service

National Inventory & Assessment Procedure
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Crossing ID Number Structure of

EUH'JE?.

Station” | BS [+ HI F5 (-] Elevation Hotes
100.00

Tailwater Cross Section

Describe:

Station' BS (+] HI F5 (-] Elevation Notes

Long profile (required points) Tailwater cross-section
{minimum recommended points)

Py inlet gradient contro’ point Left bankfull

Pz inlet invert Left edge of water

P readway surface Left toe of bank

P outlet invert Thalweg

Ps pool botiom Right toe of bank

WSsor WSs water surface at outlet pool taken at Psor P Right edge of water

Pg tailwater comtrol Right bankfull

P downstream end of profile

W57 water surface at Py

! Station: The distance (ft) along the profile or transect from the starting point.
a4

Figure B-2: Page 2 of U.S. Forest Service National Inventory & Assessment Procedure
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Crossing ID number Structure _ of

STREAMBED SUBSTRATE RETENTION IN STRUCTURE
[ No substrate in structure

[] Discontinuous layer of substrate in structure begins at ft; ends at ft (measured from nlet)
[ Subsirate is continuous throughout structure
If present, subsirate depth at inlet fisubstrate depth at outlet ft
SUBSTRATE PARTICLE SIZES number fup io 3 in order of sizes occupying most sireambed area
Bedrock | Boulders | Cobbles | Grawel | Sand | Silt/Clay | Organics | Agquafic
macrophyies
Culwert
Downsiream near
tailwater control
BANKFULL channel widths-—outside of culvert influence (fij: (1) {2)
{3} {4 s=s_ Average
[CALCULATIONS FROM SURVEY]
Culvertslope: _ _._ %  elev (F3-Pg) ™00 Outlet drop (F): __._  (Paminus P4}
dist (P32 — Pa)
Channel gradient: % upst; % downst Inlet gradient: ___ % elew (P; - P x (100}
dist {Py — Py}
Ratio of inlet width to channel width - Residual inlet depth: {Pa—P3)
Substrate ratio: [depth of substratel/structure height) Residual pool depth: {Ps— Pg)

FIELD PASSAGE EVALUATION

__ Resembles natural channel __ Passage adequate [speciesilifestage)
__ Passage indeterminate _ Passage inadequate (species/lifestage)

Comments:

63

Figure B-3: Page 3 of U.S. Forest Service National Inventory & Assessment Procedure
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Crossing ID number Structure of

Comments: {See instructions for list of potential items needing comments)

Raguired photosa:

- = = : i miet from upstraam
PHOTOGRAPHS-—identify and provide ca DLIGI'IEJ 3 st fom downsteam

3. Talwater contra

Photo caption X Coordinates Commenis

1. Inist from wpsiream

2 Qutlet from downstream

3. Tallwater comtrol

a
[55]

Figure B-4: Page 4 of U.S. Forest Service National Inventory & Assessment Procedure
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Crossing ID number Structure __ of

EITE SKETCH

rciuids:

Mo Ao

Cirzctian of Giraam 5o

Cuivertichannel algnment

Lay of tape If needed

Phoiz paint locations and numbars

viangwalls and iniet / ouslet aprons

Kulipie struchres

Bae configuraions

Weirs and Sther Instream siruciures

Diatris [ames Insloe, Upsiream and GoaTSeEam near site, tepositional bars
Trash racs, SCTEens, stanopipes elo. hat may aftec: passage
D:amage to or cbelace Inslge sruchure

Liocstian of RIprap for bank amaring of jJump pool farmation
Talwater cross-Eecton location

67

Figure B-5: Page 5 of U.S. Forest Service National Inventory & Assessment Procedure
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Crossing ID Number

Optional Channel Reference Data

Structure of

CHAMMEL SLOFE---- measured cutside of culvert mfluence
Upstream (include upstream channel cross section in reach)

Slope = cumulative elevaton chan

elcumulative distance

Station BS {+} H FS -} Elevation Cumulative
Jpstream slope
Cownsiream.
Staticn 8BS (+) H FSi-) Elevation Cumulative

Cownstream s Tpe

MNote: Slope measurements should be taken at the water surface and at the same stream feature (such as, pool and
pool, or riffle and riffle].

Reference cross-section
Describe location:

Station

BS (#]

HI

F5 (-] Elevation

MNotes

Left bankfull

Thalweg
Left edge of water
Left toe of bank

Reference cross secton recommended peinis (mmnirmum)

Right toe of bank
Right edge of water
Right bankfull

Measured Discharge

Manning's n

cfs

Figure B-6: Page 6 of U.S. Forest Service National Inventory & Assessment Procedure
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Crossing ID number

Site Biclogical information - (Core data and pricdtization data)

AMALYS1S SPECIES

Core data Pricritzation data
Species Life Stage Comments \Upslream habitat Diowinsiream habitat
biockad (mi) Dhackad (mi)
1.
2.
3.
4.
5.
i
7.
B.
g.
10

Habitat Quality Motes:

Watershed Information — Prioritization data

Exotic Species Crossing Barrier

Upstream crossings: Mo of crossings Downsiream crossings No. of crossings
Distance to 1 cressing (f): Barrier ¥ [J N [J | Distance to 1* crossing mi Barrier ¥ [ MO
Distance to 2™ crossing (ft): Barrier ¥ [] M [ | Distance to 2™ crossing mi Barrier ¥ [] N[]

Other upsiream barriers: Moo of barriers:

Oither downsirearn barriers: Mo. of barmers

Distance to 1™ barrier mi Height

d

Distance to 2™ bamier: mi Height

__

Distance to 1" barrier: mi  Height _ _ ft

Distance o 2™ barrier: mi  Height ft

Is a barrier necessary at this site to meet management ocbjectives, that is—-passage barrier okay?

Yes Mo

Figure B-7: Page 7 of U.S. Forest Service National Inventory & Assessment Procedure
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USFWS MAINE ROAD CROSSING SURVEY MANUAL DRAFT-E

Road - Stream Crossing Survey Draft E

Diate mmiddyy) Time ;. Sequence= Site ID
Observer () Oreanization
Stream Tributary to Town
Road Type Z Paved T Unpaved Z Failroad ZTrail Z Doiveway
GFS Coordinates [W&S52 UTM Zope 19 Meters] ¢ | East North
DieLorme Aflas AMap Page _ Grid Reference
Phaoto ITis Trlet Cntiat Oither

15 from Inlet D5 from Crarlet

EF. Approach FL Approach HighFlow Z ¥Wes Z MNe
Basic Structure Type T Bridse = Culvemr I Muldple Culvems = T Ford T Femoved Stochre
Material T Metal T Concrete T Plastic Z Wood Z Stome T Orher

> - e TURENOVER torecord Specific Structure Type and Dimensions = b b = =

Internal Structures = Moone T Baffles T Wedrs (Drescribe i Cornments) Caorrugations = Yes T o
Slope Compared to Chanmel Slope = Higher Z Lower I Same Alisnment = Flow-Aligned Z Shewed
Inlet Condition Z At Smeam Grade Z Inlet Drop Ountlet Condition = At Stream Grades

Z Percched Z Blocked I Defonued Z Perched = Cascade
Inlet Water Drepth: ftim Omtlet Water Depth- ftim
Outlet Drop f'm Tailwater Pool Z Mo Z Yes Depth Z <3fti/lm T >3fi/lm

Substrate in Structure TNone " Bedrock ”Boulder T Cobble T Gravel T3apd TClay  TOrganic Z Unkeowm
Z Contirmons T Disconfimacus

Upsiream Substrate “Bedrock “Boulder TCobble ZTGravel ZTSapd TClay  ZOrganic Z Unknown

Downstream Substrate Z Bedrock TBoulder T Cobble T Gravel TSand TClay T Organic D Unknown

Channel Width fim T Bapkfull Width T Wested Width Z Measured T Estomared
Sizmificant Sediment Source = Foad /Ditches T Embsnkment Z Siream Banks Z Upstremm Z Downsoeam
Wildlife Barriers Z High Traffic Volume Z Steep Embankments Z Fetzining Walls Z Jersey Bammiers — Fencing
Comments:

Maine Foad-Sream Crossing Survey Field Form - Draft E 3232007

Figure B-8: Page 1 of the USFWS Maine Road Crossing Survey Manual Draft-E
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Structure Tvpe & Dimensions

Specific Structure Type (seebelow): —1 =2 =3 D©4 OS5 =6 =7 OFord

All Dimensions Z Meazured = Estimated Unifts = Feet T Mleters _ Sliplined Culvert
Inlet Dimensions: A) B) C) j¥]]
Outlet Dimensions: A} B} ) iy}

Length of stream through crossing (ft'm): E)

{C Wetied i

Pipe Arch Culvert

®

Baox Culvert

Open Bottom Arch

Eridge with Side Slopes - Hrj..d,ge with Abutments
Endge with Abutments and Side Slopes
OR
Bottomless Box Culvert
Mmine Foad-Soeam Crossing Survey Field Form - Drft E 323/2007

Figure B-9: Page 2 of the USFWS Maine Road Crossing Survey Manual Draft-E
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WDFW FISH PASSAGE BARRIER ASSESSMENT

SITE IDENTIFICATICN FIELD FOR M ieiz200

She 10 &5 Poston Takan: [Ives [N
“Men®lying Group: *Road Nama:

Wilapost ECounty:

iy San: Saotio: T eawins hin: Fange:
"Locaton/Dimctons;

“Svaam MNama: B L o

O Tributary To Mirivar Mila:

Fish Use: [TYes [No CUnknown

“Fish Use Criteria: [hlapped (Physica DBiclogcal D0Mar

“Species:  [Chnook DChum Sockeye Cloho PNk
MEmainaad MHasdant CufiroalMambow Troul
CSesun Cullnoal CBulDolly Varden Troud
O8rgas Troul CBnown Troul

SFeature Type:  CICulven OFshway ODam OGravity Diversion

O Divarsion CIRhar
"“Sie Commant:

"Evaluaton Level: CRL OFR CODC PS8 COTD CETD

OWHER IMFORMATION
Typa: OFederal OStte DCounty OCHY COTrbal OPrivate DOMer
A

Sireel Address:

Mailing Address
City: Siae; Zip

Phone &
Contact Mame & Phoned:

Figure B-10: Page 1 WDFW Fish Passage Barrier Assessment
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1.)
2)
a)
a.)
5.)
8.)
7)
)
9.)
10)
11)
12)
13)
14

15

16

17)

18

SITE FORM INSTRUCTIONS

Sie |0 number (unigue sie ensher)

Group OF agaendcy making rapon.

Hoad name - name o read (f any ) on which he barre resides.
Hoad milepost 1o the nearest 1/10. WDFPW crews only.
County name.

Legal descripon.

Directions 1o he ste.

Mame of slream associated with the site.

Walershed Resource Inverory Area numiber.

Mame of siraam al test I'I'Iﬁ'_'ltl" corfluanca.

Fiver mie 1o the nearest 1/10 fmm frst mgor confuence.
Indicate whethar or not ha slream = fsh bearing.

How was f3h beasng determination made?

Figh species known 1o ba present in he stream or ish species
mat woud be expected 1o baneft from the correcton of the
barrar.

Type of teature encountered.

Any commants reéating 1o the eperaton o characteristics of the
striciire idemited above.

Completed level of evaluaton (mulliple entres allowed). Codes:
HL - report logged, PR - Seld review, DO - downslream chad,
PE - physical survay, TD - threshad detesnination, ETD -
axpandad threshold determnation.

Ownar nfosmation (if known ).

Figure B-11: Page 2 WDFW Fish Passage Barrier Assessment
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CULVERT EVALUATION FIELD FORM (Level & Anal.) eizzon

"Site 10 ,
*Sequancer. Fald Review Team
CULVERT DESCRIPTID N Craw
‘Shape: CRND OBOX OARCH Date:
OSQSH OELL DOTH

Saaserialr OPCCOCPC OCST
OS5T OCAL O3 OEPA LIPVE

COTMB CBRY DOTH
LS nan/ DA e BHD Depth in Culv:
BOuitall Drog Lengh M S hopa
“Sreambad Matenal Throughout Culvert Cl¥es CNo DUnsnown
ety “apron CMone CJUS O0S OBah
UTdegate: CresOMNe "R Depth
PILUMG E PDOL IE SCRIFTION
TLangtn: "rdaximum Daph
BOHW Width:
CHAMNMNEL DESCRIFTION

Mavarage Streambed Toe Widih:

Houlvant SpanStraambed Tos \Widh Rato:

SUMMARY IMFORMATION
“hiaintenance Fequired: Cio OYes'FP OYes/OM

Srachack: CNo DGEFS OFhoto OPass HF OFass LF OL8
“Bamiar: (T¥es ONoe OUnknown

2t Paszabdity: 00 033 067 £ 100

TErohlem wiCuvel: DDuflal Drop (Skope Melocty ODepih
“Repair Status: DOK ONG ORR OFX OFXFPW OUD
SComimenis;

Figure B-12: Page 3 WDFW Fish Passage Barrier Assessment
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o fub pr

— s - —

HE El.l!llﬁ"dl!ll’.h-ll-“h.'ﬂ—l-ﬂl

2

Jaaz

&

LEVEL & FORM IHSTRUCTEOHNE
St 10 roum ber {LUiniqua site idendfiar
Soquancer= i 1 oul s at sita ton 1.1, F20on 12 o222
Fald raveimve wman indormma ion
Crosssacional shaps of fo culse. FBAD - mund, 80X - squara or
motanguiar, ARCH - bofomiess, S0&H - squash (ppe ardh ), ELL -
alipfical, OTH - offwr
Matorial Ppa s composed of. PEC - pro-cast coreomfa, CPC - camtine
plaon conomita, C5T - comugated steal, 55T «smooth Soal, CAL -
cormugate d aluminum, P8 - stuctural plata stoeal, 524, - £ uctural plata
aluminum, PG = poldrpichioride, TAMEB - Smibor, MRY = masonry, OTH -
[n sy i g
Mairnumn wckn of T oulver? fo T rearast 001 matar.
Halgnt of Ta culert %0 o noamE 001 matar
Wt o da o b oulvert S0 S roareess OL07 mater.
|On Sy [ v T et S o Im T culbart o e DE and and e
vaor suriaca immediately 05 of o ouvert.
Lengein of tha oulssd fo S noarest 0.1 metar
% shopa of tha oulver? (USIEDSIEL angh) 100
Is fhora straamibad matarial Smug hout tha oulveT?
Wt o welooity ingda e oulver? in metars por sacond.
= Tera an aoron ot ached o e or bofh ands of Tha ol !
Is fhora a Sdogate assodatad wih fha culwae?
Esfrmated halght of T mad 1. WDFW orows only.
Lamgth of tha plunga poal to T 001 mators.
haximum depth of fo plunge podl o the neamst 001 moters.
Ordimary Figh vea Ser wid th of Sha plunige pool to $o noorest 0001 matons.
Tha aworaga straamiooad ton wdih ouwtsida of the influancs of o cubeart to
i noarm e 001 matars.
Tria mito of o widih of T ouleart %o 2R fon wdth of T = .
Do s Ta culwer? msgquira mantonanca? ¥ pas, doos o nood for
rmairfanaros affect fsh passage? | 9o, chock o we'ip Dlock.  WIDFW
oreas only.
b Tera @ road fo mceck e odvert in e futum Y Mo - o noad, G5 -
EPE positon nooded, Photo - photo needed, Pass HF - oauate passage
at hign fow, Pass LF - gvaluato passage af lowflow, LB - Leval B data
mquired. WOFW orews aniy.
Bearrier status of tha culset.
Esfirmated poroont pamabiity of o ouer?.  WIOPWY crews onlly.
H tha culert is a barior, what is Sha pmobem? Chack all fhat aooly.
Tha curent mopair status of fo oulvart. OF - non-bamer, NG - no gain,
BR - ropair mequinsd, FX - fmsd, FXPN - moared and coreoriad 0 a
fishrvary, U0 = unde torminsd, habits? sssessmant inocomplata.
Comrments mganding tha oulvert.

Figure B-13: Page 4 WDFW Fish Passage Barrier Assessment
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CULVERT EVALLMATION FIELD FORM [Level B Al ymis] (a2a00)

"Sia 1D:

. VFald Fevies Taam
Saquanoar;

At raar

SOmturn Lacation: Diate:

UPSTREAM MEASUREMENTS
Ulvvert Elavation TCubeert Bad Elevaiion

iCorrugation: COSmooth D052 66 01T [L276" OFaved lnver
CHOEs

DOWNETREAM MEASUREMENTS
U et Elavation: Sulver Bed Bevalion
TDOWHNSTREAM CONTROL CROSS-SECTION

Togp | Tos Bad Bad Bead Tos T

. N 1 2 3 B B
Station 1]
Bed
Elewvatinn

W slar Sudace Elevaton at 0S Conrol:

BOHW Elevation at DS Control:

M ater Suface Elevation 15m DS of S Costrol

ommenant Channel Subsimie Compositho: [Bedrock CDBouder
Ot iprap O obbles Caravel Cisand Civud

Figure B-14: Page 5 WDFW Fish Passage Barrier Assessment
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1.)
2)

a)
4.
5.)
8.)
7.)

8.

9.

LEVEL B FORM INSTRUCTIONS
Site 1D number {Unigue ste identifer)

Saquencer - If 1 culvert at site hen 1.1, f 2 hen 1.2 {meaning
culvert 1 of 2) or 2.2 (meaning culvent 2 of 2).

Fiald review 1eam miormation.

What is e datum {benchmark | elevation?

Lozaton of he dawm.

Elevation of fe inver (batiom) of the culvert a1 he upsveam and
1o the nearest0.01 meter.

The alevation of fe streambed, f any, al e upstream end of he
culvart.

Corugation dmensions in inches, measwred valiey 1o peak and
peak to peak. N the corugations a1 he cuven inven are
complately covered with asphat of concrete, enter paved.
Elevation of fe invert (batiom) of the culver atthe downsteam
and 1 the nearest 0.01 mater.

100 The elevaton of he sireambad, i any, a1 e downstreadm end of

e Culve.

11.) The downsteanm contnod = e nonmally head of the binst mffle

diansiream of e culverl. Siar al T lop of el bank (sisdion 0,
tacang downsiream ) and procead o the mghl taking upio 7
alevations, o ihe nesras] 001 meles, o describs he cmas-
saciicnal profie of the stream. The stafon is e distancs, o the
nearnast 001 meders, from stason O o the locaBon the baed

alov gion was taken.

12.} Wals surtace alavaton al e downsiream oontol.
13.) Ordinary high wale elevaton al he downstream oonval,
14.) Wale surface elevation 15 mates downstream of e

diowns fream condrol fo the nearesi 001 meater

153.) Dominan channel subsirale between e downsieam end of the

culver and Te podnt 15 metens downstream of the downstream
Coninol.

Figure B-15: Page 6 WDFW Fish Passage Barrier Assessment
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Lewval B Analysis Elevations WarkKshasl o oaon

She 10
Daium Elavaton -:_E-E N
Dt Lacaton:
[ H 2] F& eey | certe | wez

LEIGS

5 Irvveart Bl sy

15 o ewart B Bl

O Irrvert El sy

O o byt B By

OF Wuter Burt Elav

[T TIT o [HT=]
ETA

Tip LB gm [

s LB am

Bt 1 anz

B 2 ana

=Tk =04

] -y
T A8 ame
OH B

Average Water Sudace Elevation al Downsiream Control (W3E)

Elavation caloulatons:
1) Laser Raading (+): Subtract the laser reading from the rod height
{RH) hen subiract he remainds from he instrumant height (HI).

2) Laser Reading (-1 Subiract both he Bse reading and the rod
neight (FH ) fom he Instumant neght (H).

Figure B-16: Page 7 WDFW Fish Passage Barrier Assessment
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LOVE (2003) FISH PASSAGE EVALUATION AT STREAM CROSSINGS

FISH PASSAGE INNENTORY DATA SHEFT

Stream Crossing Type: Jbridge O ford Oculvert O other Drate: f f
Surveyors: Scope: Eaod:
Culvert # of (left banl: to right bank)

Foad: Nlile Post: Crossroad:

Stream Name: Tributary to: Basin:

Quad: T: ER: 5 LatLong:

Flow Conditions During Survey: C conmoneus  C dsolsed pools O dry

Fizheries Information

Fizh Presence Observed During Survey: Location: Cupstream L downsmesmn  C nons
Ame Classes: D adults T uveniles  Species: I mnknown
Juvenile Size Classes: 0 =3" Q3" I=§" DIMumber of Fish Observed:

Stream Crossing Information

Inlet Type: J projecting O bheadwall I wingwall O ouwtered O flared
Alignment (deg): 0 =30°F 230545 D =25" Inlet Aprom: Jyes Cno
Diescribe:
Outlet Configuration: O at stream grade T free-fall imto pool O cascade over rp rap
Outlet Apron: Jves T oo Deuribe:
Tailwater Control: T pool tailowt T full-spanning log or debmis jam T log wer D boulder weir

C concrete weir  J other Z wo conrel pomt (complets a channel cross-secton)
Upstream Channel Widths (ff): (1) 2 3 [G3] 5 Average Width-

Culvert Information

Culvert Type: C circular T pipearch Thoxw T open-boftom arch T other

Diameter (ft): Height or Rise (ff): Width or Span (ft): Lengih (ff):
Material: Z 55 D CSP O aluuimmn T plasde T concrste O logiwood D other
Corrugations (width xdepth): C223"x % T3 "x 1" CT5'x 1" 26 x 2" Cspil

T other
Pipe Condition: Jgood Ifair Cpoor O exiremely poor
Diescribe:
Ru:tline Height (ft): I MNP {pew CSP or 55F) O NA (concrete, shunimom plasnc)
Embedded: C"ves oo
Diepth (ft): mlet outlet Seation (ff): start end:

Diescribe Substrate:;

Barrel Betrofit (weirs/baffles): Cyes ZTnoo
Type: C steel ramnp baffles J Waskington I comer C other:
Describe (size, number, placement, materials);

Outlet Beam: Cves Joo  Notched: CTyes CTwoo

Brealss-in-Slope: Tvyes C oo Mumber:

Fill Velume: L, (fi) Se (T4 Wi () La (- 54 (e L (ft):
W (use average chemmel width) (ff):

Figure B-17: Page 1 of the Love (2003) Fish Passage Evaluation at Stream Crossings
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FISH PASSAGE INNENTORY SURVEYED FLEVATIONS

Longitudinal Survered Elevations Station Tailwater Cross-section {(optonsl)
Deescriprion and
Station | BS | HI | FS |Elevation | WA Derh jooqn [ Bs | B0 | FS | Elevation .
(ft) = | @ (ft) (Bold = Required) () “ @ | @ (f) Motes
TBM:

TW Coniel of 17
resting habitat u's
of mles

Inlet

Apron Fiprap
Inlet

LCrepth=

Outlet

Crepth=

(Omtlet

Apron Fiprap

Aaz Depth
within =

Niax Pool Depth

TW Coniral
Depth=

Active Chanmel
Stage

Drownsream Substrate at X-Section:
Chanpe! Slops

PR
el

Additional Surveved Elevations (including Breals-in-Slope)
Suspected Passage Assessment:
Adunlts: T 100% barrier
_ partiz] barmer
Z o barrier
Taventles: O 100% barrier
C partial barmier
C oo barmer

Culvert Slope: Y

Quualitative Habitat Comments:

Figure B-18: Page 2 of the Love (2003) Fish Passage Evaluation at Stream Crossings
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Site Sketch

Figure B-19: Page 3 of the Love (2003) Fish Passage Evaluation at Stream Crossings
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Calenlate average active channel width, culvert slope,
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Figure B-20: Salmonid Fish Screen Love (2003) Fish Passage Evaluation at Stream Crossings
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COFFMAN FISH SCREENS

100 % of pipe bottom covered in
natural stream substrate

OR
Structure backwatered enfire length of
pipe (Ps = P4y}
l YES NO
— Dutlet drop (P2-Pa) < 80.88em™

Outlet drop (Py-Ps) £ 80.85cm™

“If there Is no oudet drap {no autiet pool or
a Py use an outiet peren (PrH:0 surtacs)
of 35.56cm

Culvert slope (%) < T%

| Culvert slope (%) = 7%

k4

| —/

Impassable

Culvert slope (%) x culvert length {m} = 15

\

Indeterminats
using filter: go to
biglogical

15 < Culvert slope (%) x cubvert length (m) < 180

samling

Cubvert slope (%) x culvert length (m) = 180

Fizure 3. Modified upstream fizh passage predictive model A for Salmonidas. Ses Figure 1.1
for a prefils of swrvey points wsed 1 fish passage coarse filter. P = elevation measurements.

Figure B-21: Coffman (2005) Group (A) Adult Salmonid Fish Screen
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100 % of pipe bottom covered in
natural stream substrate

OR

Struciure backwatered enfire length of

pipe [Py = Py)
l YE

MO

w

y

— Outlet drop (Px-Ps) < 22.86cm™

Outlet drop (Py-Pg) 2 22 B&em™®

"I there Is R owled drap -:"IC-IZIJUE'C P:ﬂ or
a Py use an outiet perch (PrHD sufacs)
of 12.7em

Cubvert slope (%) < 3.5%

| Culvert slope (%) = 3.5%

Impassable

\

Indeteminats
usimg filter: go to
biglogical
sampling

Culvert slope (%) x cubvert length (m) = 3

B < Culvert slope (%) x culvert length {m) < &1

Culvert slope (%) x culvert length {m) = 61

Figme 7. Modifiad upstreans fish passage predictive model B for Cypravdae and voung of vear
salmomds. See Figme 1.1 for profile of survey pomis used m fish passage coarse filter. P_ =
alevation measmements.

Figure B-22: Coffman (2005) Group (B) Young of Year Salmonid & Cyprinidae Fish Screen
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11

100 % of pipe bottom covered in
natural stream substrate
OR

Struciure backwatersd entire length of
pipe [Py = Py)
l vES

NO

Outlet drop (P Ps) = 10.16em™

Ouilet drop (Ps- Ps) 2 10.18cm™

I there 15 no ouTed drop (no oullet pool or
a Py Use an outiet perch (Pr-HD surface)
of 5.03cm

Culvert slope (%) = 3.5%

| Culvert slope (%) = 3.5%
L 4
Impassazle

Culvert slope (36} x culvert length (m) = 5

Indeteminate
using filter: go to
biglogical
sampling

5 < Culvert slope (%) x culvert length {m) < 48

Culvert slope (%) x culvert length {m) = 48

Figure 11. Modified vpstream fish passage predictive model C for Percidae (except Sandsr
vifveus, Stizostedion canadense, and Pearea flavescens), and Cottidae families. See
Figure 1.1 for profile of swvey pomts used i fish passage coarse Alter. P, = elevation

MmeasIramEnTs.

Figure B-23: Coffman (2005) Group (C) Cottidae & Percidae Fish Screen
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USFS REGION 1 SALMONID FISH SCREENS

Adult saltmonid fish passage evaluation criteria for Fegion 1
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| Ho
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VES ‘l Thatlet drop =034 VES
Chatlet drop = 0.5%
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GRAY —use Fkh
GELAY — Te Fich
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Figure B-24: USFS Region 1 Adult Salmonid Fish Screen
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Figure B-25: USFS Region 1 Juvenile Salmonid Fish Screen
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Appendix C FIELD VERIFICATION DATA

Mark and Recapture Data

97



Table C-1: Capture Data for Upstream Fish Population at Soldier Creek Mark and Recapture Site

Soldier Upstream

Latitude:[ 39.99365 *Both yellow tagged fish were shocked near the culvert inlet (10m upstream of the culvert inlet)
Longitdue:| 111.493941
Date:[ 12-Apr-07 All fish were released 20m upstream of the culvert inlet
Color: Green
Total Tagged Fish: 135 [fish] Fish standard length was measured and recoreded in mm

Individual Specie Totals

2 | 4 | 12 ] 80 | o | o | o | o
Leatherside [Mnt. Sucker] Sculpin [Long nose| Speckled] Brown [Cutthroatf Rainbow
87 90 46 65
80 135 55 73
115 73 70
145 55 65
82 43 65
132 50 75
120 53 63
155 49 62
160 47 67
8 %

125 53 55
122 49 70
115 70
135 64
125 65
127 82
150 50
110 70
143 66
115 73
133 71
65 64
110 87
148 61
115 62
145 56
115 72
105 73
145 110
74
140 72
122 71
128 67
120 68
125 62
45 57
123 62
114 70
125 65
112 75
143 75
80
80
73
70
71
72
80
65
65
70
65
63
73
72
82
58
75
70
70
66
66
68
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Table C-2: Capture Data for Downstream Fish Population at Soldier Creek Mark and Recapture

Site

Soldier Downstream

Latitude:
Longitdue:

Date:

Color:

Total Tagged Fish:

39.99365 All fish were released10 meters downstream of the culvert outlet
111.493941
24-Mar-07 Fish standard length was measured and recoreded in mm
Yellow
329 [fish]
Individual Specie Totals

0 119 136 | 42 | 29 | o [ 3 | o0
Leatherside [Mnt. Sucker] Sculpin_|Long nose| Speckled| Brown [Cutthroaf Rainbow

74 94 79 68 103

68 102 88 64 103

68 91 75 62 74

85 152 79 68

69 124 74 67

87 103 48 54

80 112 40 72

71 127 79 70

74 116 49 69

76 142 74 38

57 125 82 50

68 126 78 56

64 94 78 69

59 115 84 61

71 82 73 69

84 79 82 52

71 116 80 68

83 89 84 55

71 116 78 64

58 142 73 70

58 108 44 64

59 114 46 64

60 132 80 82

49 83 79 63

66 74 69 50

53 106 43 64

53 74 94 74

55 107 78 60

52 92 82 53

74 121 95

87 126 81

61 112 68

67 68 86

69 76 54

62 75 67

60 57 78

100 63 52

56 130 88

63 109 75

49 120 105

57 135 49

58 125 48

51 94

78 86

66 109

71 94

91 114

71 125

64 94

65 87

69 67

64 69

69 67

66 71

61 57

68 130

62 121

69 138

85 97

68 124

92 130

68 122

70 110
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Table C-3: Capture Data for Downstream Fish Population at Diamond Fork #1 Mark and Recapture
Site

Diamond Culvert #1 Downstream
Culvert #1: This Culvert was located at the Rail Road Tracks Upstream of the Old Hwy Bridge
Latitude:| 40.027183 This tagging represents the area downstream of this culvert
Longitdue:| 111.50349
Date:| 7-Apr-07 All fish were released10 meters downstream of the culvert outlet
Color:| Orange
Total Tagged Fish: 49 [fish] Fish standard length was measured and recoreded in mm

Individual Specie Totals
0 | 5 | 33 | 0 o | 10 [ 1 | 0
Leatherside [Mnt. Sucker[ Sculpin__[Long nose|Speckled| Brown [Cutthroaf Rainbow

102 72 197 68
72 65 420
132 46 234
75 66 227
70 69 350

85 343

72 379

74 87

72 106

70 109

74

77

74

74

73

69

65

72

73

67

69

74

71

70

67

60

65

65

65

61

60

73

62

Table C-4: Capture Data for Upstream Fish Population at Diamond Fork #1 and Downstream
Population at Diamond Fork #2 Mark and Recapture Sites. This is the Transect Between These Two
Culverts

Diamond Culvert #2 Upstream
Culvert #2: This Culvertwas located at HWY 6 aprox. 25 meters upstream of Culvert #1

Latitude:[ 40.028167 This tagging represents the area upstream of Culvert #2
Longitdue:| 111.501325
Date:| 7-Apr-07 All fish were released 20m upstream of the Culvert #2 inlet
Color: Green
Total Tagged Fish: 35 [fish] Fish standard length was measured and recoreded in mm

Individual Specie Totals

0 | 1 | 18 0 | 0 [ 16 ] 0 | 0
Leatherside [Mnt. Sucker| Sculpin _JLong nose[Speckled] Brown [Cutthroat| Rainbow
150 50 280
85 300
70 295
80 300
50 320
70 295
60 350
75 320
85 291
75 320
82 235
90 230
85 215
60 225
62 350
70 315
63
50
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Table C-5: Capture Data for Upstream Fish Population at Diamond Fork #2 Mark and Recapture
Site

Diamond Culvert #1 Upstream
Culvert #1: This Culvert was located at the Rail Road Tracks Upstream of the Old Hwy Bridge

Latitude:| 40.027183 This tagging represents the area upstream of Culvert #1 between Culvert #1 and Culvert #2
Longitdue:| 111.50349
Date:| 7-Apr-07 Al fish were released10 meters downstream of the Culvert #2 outlet
Color: Pink
Total Tagged Fish: 13 [fish] Fish standard length was measured and recoreded in mm
Individual Specie Totals
o | 11 [ 1 [ 1 ] o ] o | o] o
Leatherside| Mnt. Sucker|  Sculpin [ Long nose| Speckled| Brown |Cutthroad Rainbow

74 80 70
105
110
89
98
93
94
87
100
83
72
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Table C-6: Capture Data for Upstream Fish Population at Salina Creek Mark and Recapture Site

Salina Upstream

Latitude:] 38.882097 All fish were released 20m upstream of the culvertinlet
Longitdue:]111.577524
Date:| 14-Apr-07 Fish standard length was measured and recoreded in mm
Color: Pink
Total Tagged Fish: 204 [fish]
Individual Specie Totals
79 | 83 | 10 | 0 | 25 ] 5 | 1] 1
Leatherside [Mnt. Sucker| Sculpin JLong nose|Speckled| Brown [Cutthroat] Rainbow
80 151 65 86 270 254 240
78 132 79 79 275
86 150 74 75 275
84 165 74 78 184
83 137 71 78 125
83 97 75 75
92 110 77 70
83 137 91 60
80 125 60 90
78 120 68 68
58 166 70
112 187 57
62 158 77
87 175 69
66 100 78
87 125 69
66 140 64
86 189 83
67 145 86
58 102 67
58 162 66
80 168 74
101 170 80
83 135 67
60 170 73
72 130
76 185
82 130
87 173
85 132
94 195
110 175
125 181
115 138
85 187
80 105
84 164
10 109
85 99]
78 177
98 148
83 180
100 180
88 201
78 90
85 150
80 104
70 101
87 168
86 160
62 110
63 160
87 116
122 158
79 104
84 160
110 106
108 70
83 175
124 158
111 110
65 160
110 110
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Table C-7: Capture Data for Downstream Fish Population at Salina Creek Mark and Recapture Site

Salina Downstream
Latitude:| 38.882097
Longitdue:| 111.577524 All fish were released10 meters downstream of the culvert outlet
Date:| 14-Apr-07
Color: Yellow Fish standard length was measured and recoreded in mm
Total Tagged Fish: 206 [fish]
Individual Specie Totals
106 | 19 | 30 | 0 | 48 | 1 | 2 ] 0
Leatherside [Mnt. Sucker] Sculpin _[Long nose[Speckled] Brown [Cutthroat] Rainbow
55 164 73 62 118 293
89 189 67 63 255
92 179 60 75
105 80 63 73
106 128 62 65
85 164 96 71
83 194 65 67
107 165 84 63
78 182 72 58
88 143 68 78
93 130 75 61
55 113 64 60
82 179 64 80
76 182 67 75
83 167 64 68
100 158 62 64
78 157 62 68
98 107 67 73
93 77 67 74
75 64 7
104 68 73
82 67 65
90 68 57
66 64 57
59 60 7
93 66 75
100 68 66
94 69 57
77 63 57
122 56 71
110 63
97 66
100 64
94 64
104 59
87 75
102 79
95 74
94 60
90 66
92 67
83 59
70 61
79 70
110 58
110 71
100 61
88 67
75
82
81
84
98
53
54
56
64
120
110
97
100
107
113
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Table C-8: Capture Data for Downstream Fish Population at Daniel’s Creek #1 Mark and Recapture

Site

Daniel Culvert #1 Downstream

Latitude:
Longitdue:

Date:

Color:

Total Tagged Fish:

40.38523

111.30221

21-May-07

Green

108

[fish]

Culvert #1: This Culvertis the furthest downstream of the two culvert sites in this individual study
This tagging represents the area downstream of Culvert #1

All fish were released10 meters downstream of the culvert outlet

Fish standard length was measured and recoreded in mm

Individual Specie Totals

0

0

g7 | o [ o | 18 [ o [ 3

Leatherside [ Mnt. Sucker|

Sculpin  [Long nose| Speckled | Brown [ Cutthroat | Rainbow

71 195 156
75 198 140
66 98 117
58 91

57 89

65 7

58 207

58 230

65 210

57 280

58 86

60 7

62 75

70 280

55 250

58 90

54 268

56 89
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Table C-9: Capture Data for Upstream Fish Population at Daniel’s Creek #1 and Downstream
Population at Daniel’s Creek #2 Mark and Recapture Sites. This is the Transect between These Two
Culverts

Daniel Culvert #1 Upstream
Culvert #1: This Culvertis the furthest downstream of the two culvert sites in this individual study

Latitude:| 40.38523 This tagging represents the area upstream of Culvert #1 between Culvert #1 and Culvert #2
Longitdue:| 111.30221
Date:| 21-May-07 All fish were released10 meters downstream of the culvert outlet
Color: Pink
Total Tagged Fish: 170 [fish] Fish standard length was measured and recoreded in mm

Individual Specie Totals

0 | 0 | 84 | 0 | o [ 79 | 3| 4
Leatherside[ Mnt. Sucker] Sculpin _|Long nose| Speckled| Brown | Cutthroat | Rainbow
66 300 137 145
63 250 170 107
68 235 163 132
65 250 153
61 265
63 270
61 120
63 105
55 87
68 108
45 86
61 230
46 232
58 270
42 218
38 260
40 250
41 250
40 230
43 263
39 225
35 225
36 193
72 222
58 255
36 202
34 270
68 300
71 105
82 252
70 210
55 100
73 95
75 105
60 112
65 109
67 110
44 109
66 87
70 100
59 85
61 90
69 90
58 100
63 83
36 230
71 220
78 260
61 254
38 270
43 265
37 235
40 265
39 270
39 87
39 220
41 240
41 102
36 285
40 250
40 245
39 250
38 240

105




Table C-10: Capture Data for Upstream Fish Population at Daniel’s Creek #2 Mark and Recapture
Site

Daniel Culvert #1 Upstream

Culvert #2: This Culvertis the furthest upstream of the two culvert sites in this individual study
Latitude:| 40.38256 This tagging represents the area upstream of Culvert #2

Longitdue:| 111.30047

Date:| 21-May-07 All fish were released 20m upstream of Culvert #2
Color:
Total Tagged Fish:[ﬁsh] Fish standard length was measured and recoreded in mm

Individual Specie Totals

0 | 0 | 49 | o | o | 3 | 2 | 4
Leathersidevint. Sucke] Sculpin  Long nose| Speckled| Brown | Cutthroat| Rainbow
42 250 61 255
57 205 155 165
66 235 115
65 222 117
95 91
80 98
62 100
66 88
63 96
49 76
62 153
69 213
80 198
57 252
37 280
39 268
40 225
61 220
58 245
40 257
38 257
36 230
60 235
40 255
35 109
40 83
36 215
29 250
41 275
41 196
35 245
41 86
58 112
58 200
35 87
40 101
38
39
41
39
40
37
36
41
39
36
34
35
36
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Table C-12: Recapture Data for Upstream Transect at Soldier Creek Mark and Recapture Site

SOLDIER UPPER TRANSECT

Culvert Length: 183.0 [m]
Latitude:| 39.99365 Transects begin at culvert inlet and move upstream in 10 meter increments
Longitude:| 111.493941
Date:| 7-Aug-07 BOLD values indicate the tag color (g or y) and standard length of
Lower Transect Color:| Yellow (y) recaptured individuals
Upper Transect Color:| Green (@)
Total Recaptured Fish: 24 [fish] Segments: Integers represent total number of species
(captured and recaptured) for that segment
Total Collected Individual Species
106 320 137 370 0 12 2
Transect | Leatherside | Mnt. Sucker| Sculpin | Longnose | Speckled{ Brown |JCutthroaf]
Culvert Inlet
0-10m 8 4 8 29 2 1
10- 20m 1 19 4 42
g/155 gl74
g/92
20 - 30m 14 10 28 2
g/146 gl72 g/84
g/79
g/70
30-40m 14 12 26
y/125 g/70 gl78
g/124
40 - 50m 31 6 34 1
gl74
g/76
g/74
50 - 60m 4 50 10 43
y/79 gl76
60 - 70m 1 37 4 14 1
70 - 80m 34 4 24
80 - 90m 1 30 4 8 1
90 - 100m 3 1 1
g/150
100 - 110m 16 13 6 8
y/104
y/73
110- 120m 14 14 10 19
g/119 g/58
120 - 130m 8 17 12 15 1
130 - 140m 15 4 10 5
y/90
140 - 150m 5 2 8 4 1
150 - 160m 3 5 12 1
160 - 170m 2 6 4 6
170-180m 2 8 5 14
180 - 190m 17 8 8 7
190 - 200m 9 11 7 31 3
g/65
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Table C-13: Recapture Data for Downstream Transect at Diamond Fork #1 Mark and Recapture

Site
DIAMOND LOWER TRANSECT
Culvert Length: 50.0 [m]
Latitude:] 40.027183 Transects begins at Culvert #1 Outlet and moves downstream in
Longitude:] 111.50349 10m increments to the Spanish Fork River confluence
Date:] 13/10/2007
Lower Transect Color: [LOrangeio)y| BOLD values indicate the tag color (g, p or y) and standard length of
Middle Transect Color: Pink (p) recaptured individuals
Upper Transect Color:}_Green (9)
Total Recaptured Fish: 2 [fish] Segments: Integers represent total number of species
(captured and recaptured) for that segment
Total Collected Individual Species
0 2 4 18 0 13
Transect Leatherside | Mnt. Sucker| Sculpin | Longnose | Brown | Cutthroat
Culvert #1 Outlet
10-0m 10 99 6 3
0/245
20-10m 21
30-20m 42 1 3
40-30m 17 4 1
50-40m 1 18
0/84
60-50m 1 14 3 1
70-60m 26 1
80-70m 9 1 2 1
90-80m 8 2
100-90m 26 1 2
110-100m 1 11 1
120-110m 40 5
130-120m 20
140-130m 1 56 1 3 2
150-140m 13 1
160-150m 10 2
170-160m 30 8
180-170m 1 41 1

Table C-14: Recapture Data for Middle Transect Between Diamond Fork #1 and Diamond Fork #2
Mark and Recapture Sites

DIAMOND MIDDLE TRANSECT

Culvert Length: 50.0 [m]
Latitude: 40.027183 Transect begins at Culvert #2 outlet and moves
Longitude: 111.50349 downstream in 10m segments
Date: 13/10/2007
Lower Transect Color:_ BOLD values indicate the tag color (g, p or y) and standard length of
Middle Transect Color: Pink (p) recaptured individuals
Upper Transect Color: Green (g)
Total Recaptured Fish: 1 [fish] Segments: Integers represent total number of species
(captured and recaptured) for that segment
Total Collected Individual Species
0 0 2 0 0 0
Segment Leatherside | Mnt. Sucker| Sculpin | Longnose | Brown [Cutthroat
Culvert #2 Outlet
10-Om 2
p/84
10-20m
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Table C-15: Recapture Data for Upstream Transect at Diamond Fork #2 Mark and Recapture Site

DIAMOND UPPER TRANSECT

Culvert Length: 179.9 [m]
Latitude: 40.027183 Transect begins at Culvert #2 inlet and moves
Longitude: 111.50349 upstream in 10m segments
Date: 13/10/2007
Lower Transect Color:_ BOLD values indicate the tag color (g, p or y) and standard length of
Middle Transect Color: Pink (p) recaptured individuals
Upper Transect Color: Green (g)
Total Recaptured Fish: 5 [fish] Segments: Integers represent total number of species
(captured and recaptured) for that segment
Total Collected Individual Species
0 20 12 4 21 6
Transect Leatherside] Mnt. Sucker| Sculpin | Longnose | Brown | Cutthroat
Culvert #2 Inlet
0-10m 4 11 1
10-20m 3 6 1
20-30m 8 1 4
30-40m 1
40-50m 9 45 4
g/71
50-60m 2 9 1
60-70m 17
70-80m 22
80-90m 28
90-100m 1 54
100-110m
110-120m
120-130m
130-140m
140-150m 3
g/350
g/350
150-160m 3
g/350
g/310
160-170m 1
170-180m 1
180-190m
190-200m 1 2 14
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Table C-16: Recapture Data for Downstream Transect at Salina Creek Mark and Recapture Site

SALINA DOWNSTREAM

Culvert Length: 77.9 [m]
Latitude:| 38.882097
Longitude:| 111.577524 Transects begin at culvert outlet and moved downstream in 10 meter increments
Date:| 14-Aug-07
Lower Transect Color:|  Yellow BOLD values indicate the tag color (p or y) and standard length of
Upper Transect Color: Pink recaptured individuals
Total Recaptured Fish: 50 [fish]
Segments: Integers represent total number of species
(captured and recaptured) for that segment
Total Collected Individual Species
407 | 206 352 693 8 3
Segments Sculpin__[Mt. Sucker | Leaterside| S. Dace | Brown | Cutthroat Segments | Sculpin_[Mt. Sucker [ Leaterside | S. Dace | Brown | Cutthroat
Culvert Outlet 40 - 50m 54 6 1 22
0-10m 7 9 30 20 6 1 yl62 y/99 y/82
y/98 p/285 yi72
y/102 y/61
y/88 50 - 60m 1 9 34 18
yI87 p/15 y/114 y/66
10 - 20m 19 8 58 32 y/112
y/105 Y1102
y/105 yl97
yI77 y/89
y/102 60 - 70m 24 4 5 30 1
y/91 70 - 80m 32 2 1 14
p/9o1 80 -90m 44 13 72
20 -30m 27 5 26 a7 90 - 100m 23 11 21 51
yl64 y/126 y/83 y/91
yI70 y/106 yI73 100 - 110m 22 16 27 84
yl192 110 - 120m 24 24 8 36 1
y/80 120 - 130m 48 8 13 39
y/91 ynr7
30 -40m 12 5 27 27 130 - 140m 25 23 26 53
yi64 y/90 y/91 yI61 yI79
y/86 140 - 150m 9 18 22 30 2
y/109 y/60
y/97 150 - 160m 16 4 22 29
yl192 y/103
y/100 160 - 170m 11 8 10 7
y/95 170 - 180m 12 17 52 36
y/95 y/85
y/99 180 - 190m 6 11 6 32
y/102 190 - 200m 3 22 15 50
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Table C-17: Recapture Data for Upstream Transect at Salina Creek Mark and Recapture Site

SALINA UPPER TRANSECT

Culvert Length: 77.9 [m]
Latitude:| 38.882097
Longitude:| 111.577524 Transects begin at culvert inlet and move upstream in 10 meter increments
Date:| 14-Aug-07
Lower Transect Color: Yellow BOLD values indicate the tag color (p or y) and standard length of
Upper Transect Color: Pink recaptured individuals
Total Recaptured Fish: 63 [fish]
Segments: Integers represent total number of species
(captured and recaptured) for that segment
Total Collected Individual Species Segments | Sculpin_|Mt. Sucker |Leatherside| S.Dace Brown | Cutthroat
135 | 230 [ 127 188 11| 9 [ 1 70 - 80m 12 23 5 6
Segments Sculpin_[Mt. Sucker | Leatherside | S. Dace | Brown | Cutthroat |Rainbow p/155
Culvert Inlet p/153
0-10m 3 29 5 14 p/134
p/156 p/80 p/135
p/138 p/84 p/123
p/136 80 - 90m 4 6 1 16
p/154 p/116
p/134 90 - 100m 4 10 8 11 1 5
y/128 p/113 p/131 p/165 p/275
10 -20m 7 8 14 1 p/8l
p/78 p/280 100 - 110m 8 10 35 7 2 1
20 - 30m 6 6 3 1 p/173 p/o1
p/171 pl67 p/106
p/165 p/131
30 -40m 7 8 2 18 1 p/120
p/195 p/75 p/98
p/83 p/75
p/73 p/84
40 - 50m 5 8 1 2 110 - 120m 1 2 5 2 1
p/162 p/112 pl273
p/178 120 - 130m 10 1 1
50 - 60m 1 30 25 15 4 130 - 140m 17 4 4 15 1
p/184 p/95 p/74 p/92
p/204 pl94 140 - 150m 2 27 12 16
p/170 p/100 p/135 p/91
p/141 p/88 150 - 160m 6 15 7 1
p/o1 p/135
p/101 160 - 170m 6 20 19 17 1
p/95 p/ll
60 - 70m 10 4 3 7 p/110
p/85 p/183 p/70 p/83
p/132 170 - 180m 13 9 1 6 1
180 - 190m 1 1 6
190 - 200m 2 9 1 5
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Table C-18: Recapture Data for Downstream Transect of Daniel’s Creek #1 Mark and Recapture

Site
DANIELS LOWER TRANSECT
Culvert Length: 27.4 [m]
Latitude:| 40.38523 Transects begins at the Culvert #1 inlet and moves
Longitude:[ 111.30221 downstream in 10 m segments beginning at the Culvert #1 outlet
Date:| 9-Aug-07

Lower Transect Color:| Green (g) BOLD values indicate the tag color (g, p or 0) and standard length of

Middle Transect Color: Pink (p individual recaptured species

Upper Transect Color:

Total Recaptured Fish: 174 [fish] Segments: Integers represent total number of species

(captured and recaptured) for that segment

Total Collected Individual Species
63 105 5 1
Segments Sculpin Brown | Cutthroat | Rainbow
Culvert #1 Inlet
2 | 12 ] |
Culvert #1 Outlet
0-10m 11 4
/68
/79
g/55
10- 20m 2 2
20- 30m 4 3
*30 - 40m
*40 - 50m
50 - 60m 3 1
60 - 70m 1 3 3 1
70 - 80m 1
80 - 90m 2
0/255
90 - 100m 7 1
100 - 110m 1 1
110- 120m 1 6
120 - 130m 5 7
g/260
g/280
130 - 140m 3 7
140 - 150m 10 8
150 - 160m 5 5
160 - 170m 5 6
170 - 180m 3 9
g/310
180 - 190m 4 10
190 - 200m 6 9
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Table C-19: Recapture Data for Middle Transect of Daniel’s Creek #1 and #2 Mark and Recapture

Site

DANIELS MIDDLE TRANSECT

Culvert Length:
Latitude:

Longitude:

Date:

Lower Transect Color:
Middle Transect Color:
Upper Transect Color:
Total Recaptured Fish:

27.4

40.38523

111.30221

9-Aug-07

Green (9)

Pink (p

[m]

[fish]

Transects begins at the Culvert #1 Inlet and moves upstream in 10m segments

ending at the Culvert #2 outlet

BOLD values indicate the tag color (g, p or o) and standard length of

individual recaptured species

Segments: Integers represent total number of species (captured and recaptured) for that segment

Total Collected Individual Species Segment Sculpin Brown | Cutthroat [ Rainbow
170 [ 174 | 2 [ 1 140 - 150m 9 8
Segment Sculpin_ [ Brown | Cutthroat| Rainbow p/241
Culvert #1 Inlet p/246
0 -10m 5 2 1 p236
10 - 20m 1 4 150 - 160m 4 8
g/131 pl244
g/136 160 - 170m 9 8
20 - 30m 10 1 170 - 180m 4 8
30 - 40m 5 6 p/286
g/136 p/276
40 - 50m 2 2 p/239
p/256 p/279
50 - 60m 1 180 - 190m 6 10
g/68 190 - 200m 4 6
60 - 70m 1 3 1 p/287
p/265 p/256
p/242 200 - 210m 1 1
70 - 80m 2 1 p/239
p/256 210 - 220m 4 3
80 - 90m 6 11 220 - 230m 5 5
p/278 p/250
p/315 230 - 240m 8 4
p/255 p/243
p/300 250 - 260m 10 4
90 - 100m 6 9 260 - 270m 9 3
g/72 270 - 280m 5 15
100 - 110m 2 5 p/215
9/236 p/289
110 - 120m 4 7 p/273
p/278 p/230
120 - 130m 7 9 p/272
130 - 140m 4 7 280 - 290m 16 7
290 - 300m 15 8
p/75
300 - 310m 7 8
p/157
p/146
p/157
p/131
p/214
Culvert #2 Outlet
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Table C-20: Recapture Data for Upstream Transect of Daniel’s Creek #2 Mark and Recapture Site

DANIELS UPPER TRANSECT

Culvert Length: 28.7 [m]
Latitude:| 40.38256 Transects begins at the Culvert #2 Outlet and moves upstream in 10m segments
Longitude:| 111.30047 beginning at the Culvert #2 inlet
Date:[ 13-Aug-07
Lower Transect Color:|_Green (g) BOLD values indicate the tag color (g, p or 0) and standard length of
Middle Transect Color:|  Pink (p individual recaptured species
Upper Transect Color:
Total Recaptured Fish: [fish] Segments: Integers represent total number of species (captured and recaptured) for that segment
Total Collected Individual Species Segment | Sculpin Brown | Cutthroat [ Rainbow
53 81 7 [ 2 60 - 70m 1 4 1
Segment Sculpin__| Brown | Cutthroat | Rainbow 0/271
Culvert #2 Outlet 0/226
2 [ 12 ] [ p/249
Culvert #2 Inlet 70 - 80m 4 5 1
10m p/138 0/225 p/167
p/117 0/122
p/143 80 - 90m 6 1
20m p/149 0/228
pl246 0/256
p/230 o0/154
0/272 0/224
0/278 0/228
0/266 p/135
0/265 90 - 100m 4 4 1
0-10m 5 10 0/248 p/168
0/56 0/245 0/254
p/52 0/127 100 - 110m 6 1
p/250 0/168
p/157 110 - 120m 4 6
p/145 120 - 130m 2 1 1
10- 20m 2 3 130 - 140m 2 2
0/120 140 - 150m 3 4
20-30m 2 0/276
p/278 p/242
30 - 40m 1 4 150 - 160m 4 1
0/141 0/73
0/140 160 - 170m 3 2
40 - 50m 5 7 170 - 180m
50- 60m 3 10 3 1 180 - 190m 1 3
0/262 0/172 0/250 190 - 200m 1 3
0/265 0/180
0/247
0/245
0/123
0/268
0/116
0/237
0/247
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Fish Passage Assessment Data

CULVERT DATABASEID#:__ (Assigned by UDOT ETS)
FISH PASSAGE ASSESSMENT FIELD DATA SHEET
Surveyor Names: A a beaye,s , Shawa Sten f""f Field Date: 5 /2(/ ©8
SITE
#Barrels: | Barrel#: | ot |
UDOT Region: Route#: {0 Milepost #: Stream Name: __ Dhn vels Cieeld  (ep/

GPS: (Lat): 40.28 25T °  (Long):_[//.200 Y7 _ Coordinate System: WS& €4 Units: _ desees

PHOTOS: Provide Photo #’s, Locations, and Shot Orientation in Sketch

B (1) Embankment Looking Upstream BI(Z) Embankment Looking Downstream

= (3) Looking at Outlet to include Outlet Control i} (4) Internal Culvert Structures O (5) Slope Break in Culvert
EZT(s) Looking at Inlet from 25 ft [ (7) Instream Structures [H(S) Bank Stabilization Structures [¥] (9) Local Erosion
O (10) Local Failures [iE (11) Channel Incision O (12) Channel Aggradation fzl (13) Other:

CULVERT DATA:

Physical: Length: L?L{ (ft) Rise: (ft) Span: (ft) Diameter: .o (ft)

Scour width: /8 : (ft) Scour length: 32! (ft)

Corrugation (height): “ (in.) (width): k (in.)

Material: [ Steel [J Aluminum (] Pvc (] HDPE [ Concrete [J Other:

Shape: O Box [ Circular Pipe O Pipe-arch (Squash Pipe) [J Horizontal Ellipse [ Arch [J Arch Box

Roughness: [ ] Smooth ﬁj Corrugated Annular O Corrugated Spiral [ plated mPaved [ Baffles (] Slope Breaks
Inlet: (] Projected [ Mitered mHeadwall O Wingwall (10-30 Deg) B Wingwall (30-70 Deg) O Apron (] Embedded
Inlet Edge Conditions: [ Grooved Edge [XJ Square Edge [ Beveled Edge

Outlet: [7] At stream grade [ Perched [ Cascade [] Freefanl [ Apron O RipRap [J Embedded

Hydraulic Jump: [ Absent iﬁ Present

Hydraulic Jump Location: [ Inlet (] Outlet [ Upper 377 Middle 3¢[J Lower 3

SUBSTRATE DATA: Provide Substrate Characteristics and Geometry in Sketch

Condition: [] Absent [] Continuous [] Discontinuous [] Patchy

Inlet: [] Absent (] Present  Outlet: [] Absent [ Present

Observed Size: [X] Boulders [3J Cobble (3] Gravel [J Sand [ Fines

Notes: Seyena( lavse bouldes locatet in H ﬂ,LJ lofy jngide to ceutved
linte Cobble becing ad i, point aue Conthinuoug e edled  Erave| 7e
Cobhidple (o be foucol reg Lte gudted .

Hydvasw e, P et apoiwelly Yot dpunstean of te jnfed

/Wff,c*g'j.ua—’ Doahor ¢ L{S g

Figure C-1: Page 1 of Fish Passage Assessment of Daniel’s Creek #2 Culvert
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LONGITUDNAL SURVEY DATA
Benchmark: [X] Inlet Invert [] Outlet Invert Rod Height: 5 (ft)

Channel
Station | BS (+) HI | FS(+) | Horizontal | Elev Notes Nomenclature
| ~FuC 2 | bt BM = Benchmark
2 et T a ) TP = Turning Point
Ya 138 CC = Culvert Ceiling|
Hh —1 26 | 922¢"| 10355 s SB = Stream Bed
2 T Bm 1=Invert
s ¢33 RS = Road Surface
(A 2,73 S = Slope Break
= 272 A= Apron
I3 €32 LB = Left Bank
49 ] e RB =Right Bank |
[0 0.y
Iditional
STATIONING
Culvert InletfApron (2]
Horizontal lsap
F;‘,"”mm e Road surfac (4) m::::“ ,p::“
Tailwater Cortrol {3}
Pool contral 1001t
downsirssm
(10)
ool conirl 1007 :
Culvert Outlet/Apron {5)
Adull lesp distance |
Suvenile lesp distance P‘;‘;‘, by
]
CC = Culvert Ceiling at Iniet (3) and Outlet (5)

Figure 1. Longitudinal Profile Stations (Modified USFS Photo Clarkin et alt)

Horizontal Distances

iy B @ a2y 1T @ a1 @ dd)e

—b 7 (ft)

Figure C-2: Page 2 of Fish Passage Assessment of Daniel’s Creek #2 Culvert
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FIELD CALCULATIONS

Culvert Slopes: Invert Slope 5_, 5 : /, l E (%) Ceiling Slope 37,57, : (%)
Inlet/Outlet Depth/Drop: Residual Inlet Depth: ~ (132 (f) Outlet Drop: —927 (ft)
Culvert Length/Slope Product: Culvert Length (ft) X Culvert Slope (%): 159 (ft)

Scour Hole to Culvert Width: 2+ 78 (ft/ft)

CULVERT FISH PASSAGE STATUS

[ ADULT SALMONID STATUS: [IRED [JGREEN [X GREY

i JUVENILE SALMONID STATUS: [CJRED [CJGREEN [JGREY

| CYPRINIDAE STATUS: [JRED [JGREEN [@GREY

| SMALL BENTHIC STATUS: [XIRED [JGREEN [IGREY

HYDRAULIC CALIBRATION (only Perform for Passage Status of GREY when Baffles are NOT Present)

Tailwater Cross Section Looking upstream to Point 9: Stationing is from Left bank to Right bank

Station | BS (+) HI FS(+) | Elevation Notes
o) 4.4
L 2.4
[1 42
13 1.bsS
739 Lo P9 how [mihduel supey
6.0 232 4
28.0 H.6

Calculate Discharge [ Mid-Culvert (Finish & Proceed to Sketch) O Other (Finish & Proceed to Culvert Conveyance)

Station | Width (ft)] Depth (f)] A (t"2) | V (ft/s) Station | Width (ft) | Depth (ft) | A (ft°2) | V (ftls)
| 3 fio _r&NC ‘;z‘{
) 8 0.8 % do
3

Figure C-3: Page 3 of Fish Passage Assessment of Daniel’s Creek #2 Culvert
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CULVERT CONVEYANCE
Standard Culvert Conveyance CSA

: g \\\ INLET MIDPOINT  OUTLET
/ : : 2583 @m abb? @m a 5208
( b 067 @ b 075 @ b 125 @
\—=z e e_ 0 m c0083@m ¢ 0ATm
% lb > Jb
e %!

& = Distance from top of culvert o water surface b = Distance from water surface to substrate
¢ = Distance from top of substrate to bottom of culvert When ¢ = O then b = distance from water surface to culvert bottom

The depth at (c) can be solved for by subtracting (a) and (b) from a known culvert diameter or rise. If the culvert is
sufficiently embedded at the inlet and outlet, and the depth at (c) cannot be easily obtained; notate (c) as “NA™.

Notes:

BAFFLE SKETCH:

Figure C-4: Page 4 of Fish Passage Assessment of Daniel’s Creek #2 Culvert
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Note Summary/Heading Comments/Descriptions/Photo #°s/Other: Zulued ¢ Al -!Aw el Sona
-/I:Awml-r, \';umtll Apinstveans Jo Ao col\vewdt pudled . Redainiwe  gall rs

b-8 bt hfﬁl-\ rele Hue 4o gliecimn bed.

SKETCH:

T —mguall
@17 - reda -,u;}:j wal(
A = r.P rnt:,
(/.- ; l[“'f/é‘ beu(devs
5| ]; ik Sehshvate 1n Calverd
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Lrais Orientation

4

Figure C-5: Page 5 of Fish Passage Assessment of Daniel’s Creek #2 Culvert
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CULVERT DATABASE ID#: _ (Assigned by UDOT ETS)

FISH PASSAGE ASSESSMENT FIELD DATA SHEET

Surveyor Names: Aavmn beaves ; Shawn  San f*'?r Field Date: 5 | 22/ o8
SITE

#Barrels: _~ Barrel # / of /

UDOT Region: Route# 29 Milepost #: Stream Name: Soldie, Clee K

GPS: (Lat):_49.992b5  (Long):_|!!: 49294 ] Coordinate System: WS €4 Units:  Peepecs

PHOTOS: Provide Photo #'s, Locations, and Shot Orientation in Sketch

[ﬁ(l) Embankment Looking Upstream EI (2) Embankment Looking Downstream

m (3) Looking at Outlet to include Outlet Control O (4) Internal Culvert Structures O (5) Slope Break in Culvert

FEI (6) Looking at Inlet from 25 ft | (7) Instream Structures & (8) Bank Stabilization Structures [ (9) Local Erosion
[ (10) Local Failures [ (11) Channel Incision [ (12) Channel Aggradation [ (13) Other:

CULVERT DATA:

Physical: Length: GLD (ft) Risez:  (ft) Span:  (ft) Diameter: /7;5’ (ft)

Scour width: 24 (ft) Scour length: (ft)

Corrugation (height): Z (in.) (width): L (in.)

Material: [ Steel [ Aluminum [J pvC (] HDPE [J Concrete [ Other:

Shape: (] Box m Circular Pipe O Pipe-arch (Squash Pipe) [J Horizontal Ellipse [ Arch [ Arch Box

Roughness: [ ] Smooth i Corrugated Annular [] Corrugated Spiral [X Plated [A] Paved [ Baffles [] Slope Breaks
Inlet: [] Projected [ Mitered [Z] Headwall [J Wingwall (10-30 Deg) IE Wingwall (30-70 Deg) O Apron (] Embedded
Inlet Edge Conditions: [] Grooved Edge i} Square Edge [] Beveled Edge

Outlet: [] At stream grade [ Perched [ Cascade [ Freefall (] Apron =l RipRap X Embedded

Hydraulic Jump: [] Absent [E Present

Hydraulic Jump Location: (4 tntet [ outtet (1 Upper 3" [ Middle 3*[] Lower 3

SUBSTRATE DATA: Provide Substrate Characteristics and Geometry in Sketch

Condition: [] Absent [] Continuous m Discontinuous [] Patchy

Inlet: 3 Absent (] Present Outlet: (] Absent (X Present

Observed Size: [] Boulders (] Cobble Bj Gravel [ Sand MFines

Notes: Substrale becimg Zof1 jwgdhe cufvecd wle £ gne i condnuas .(,V e

le,n;‘._m\ st He Coleprd o b pfled  The pudlet 1o empeded 1n fres

Asesenant Jlotdiew 2 32 miy

Figure C-6: Page 1 of Fish Passage Assessment of Soldier Creek Culvert
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LONGITUDNAL SURVEY DATA
Benchmark: E Inlet Invert [] Outlet Invert Rod Height: S (ft)

Channel
Station | BS (+) HI | FS(+) | Horizontal | Elev Notes Nomenclature
{ 1,257 (03,117 BM = Benchmark |
13 -0,24% {0,473 TP = Turning Point
3 =1, o (0O CC = Culvert Ceiling|
Y4 19.4 64 J21. & SB = Stream Bed
b 1. 986 [2{.62 1=TInvert
=4 3357 IR 2 RS = Road Surface
[ -1.,95% q49.01 S = Slope Break
=2 “27456 94. 004, A= Apron
=) -1.99% 19.604 LB = Lefi Bank
o —1.08k 160,634 RB = Right Bank
(o -2 \2 Q9598
Additional
STATIONING

Culwert Inlet/Apron (2]

First upstream

"‘:L--il;;_k_‘__

Tailwater Cortrol (5}
Pool control 100ft

downstream
(10}

Pool control 1007
= upsiream
m
Culvert Outlet/Apron (£}

Adult leap distanoe §
& % Pool bottom
Juvenile leap distance 7}/ (8)

CC = Culvert Cailing st Inlet (3) and Outlet (5)

Figure 1. Longitudinal Profile Stations (Modified USFS Photo Clarkin et alt)

Horizontal Distances

d(1),o,: L9492 (®) d@),ny: 32 (® d(3)sns: OO (®) d(d),ny: (881 (B

Figure C-7: Page 2 of Fish Passage Assessment of Soldier Creek Culvert
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FIELD CALCULATIONS

Culvert Slopes: Invert Slope ;_;: @27 (%) Ceiling Slope 37570 * (%)

Inlet/Qutlet Depth/Drop: Residual Inlet Depth: © ©7Y{ () Outlet Drop:=2+ZF (ft)
Culvert Length/Slope Product: Culvert Length (ft) X Culvert Slope (%): _/ 59.F (ft)

Scour Hole to Culvert Width: [, 37 (ft/ft)

CULVERT FISH PASSAGE STATUS

[ ADULT SALMONID STATUS: LIRED JGREEN L[] GREY

I JUVENILE SALMONID STATUS: [JRED [IGREEN []GREY

[CYPRINIDAE STATUS: [IRED [XIGREEN [J]GREY

| SMALL BENTHIC STATUS: [1RED [YGREEN []GREY

HYDRAULIC CALIBRATION (only Perform for Passage Status of GREY when Baffles are NOT Present)

Tailwater Cross Section Looking upstream to Point 9: Stationing is from Left bank to Right bank

Station | BS (+) HI FS(+) | Elevation Notes

Calculate Discharge [ Mid-Culvert (Finish & Proceed to Sketch) O other (Finish & Proceed to Culvert Conveyance)

Station | Width (ff)] Depth ()] A (ft°2) | V (ft/s) Station | Width (ft) | Depth (ft) | A (ft"2)

V (itls)

Figure C-8: Page 3 of Fish Passage Assessment of Soldier Creek Culvert

123




CULVERT CONVEYANCE
Standard Culvert Conveyance CSA

2 =r
> 4

[v

INLET MIDPOINT OUTLET
® a @ = 0]
®) b m b M
@) c m o M

R
S5

cd

& = Distance from top of culvert to water surface b = Distance from water surface to substrate

¢ = Distance from top of subsirate to bottom of culvert When ¢ = 0 then b = distance from water surface to culvert bottom

The depth at (c) can be solved for by subtracting (a) and (b) from a known culvert diameter or rise. If the culvert is
sufficiently embedded at the inlet and outlet, and the depth at (c) cannot be easily obtained; notate (c) as “NA”.

Notes:

BAFFLE SKETCH:

Figure C-9: Page 4 of Fish Passage Assessment of Soldier Creek Culvert
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SKETCH:

no W'\ i
Substralte

&,
N 7
Z stz Je ;f,
N
-
T |
b
fjh"{ e |
r 2 l_%(( '8
J/ A s
1075 S (
/L \ Orientation
‘ \
5 \

Figure C-10: Page 5 of Fish Passage Assessment of Soldier Creek Culvert
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CULVERT DATABASE ID#: (Assigned by UDOT ETS)
FISH PASSAGE ASSESSMENT FIELD DATA SHEET

Surveyor Names: Aﬂ LA B(/‘ veS  , Shawn Han -’F\'/ Field Date: % 2+ /0 8
SITE

# Barrels: _/__ Barrel #: / of {

UDOT Region: Route#: 10 Milepost #:___ 7 <% Stream Name: Sf ling Cree I

GPS: (Lat): %8.88 047" (Long):_//[. 53952 ‘Coordinate System: WSE B©  Units: Decjma | BPegrecs

PHOTOS: Assign Photo #'s, Locations, and Shot Orientation in Sketch

m (1) Embankment Looking Upstream [XI (2) Embankment Looking Downstream

| (3) Looking at Outlet to include Outlet Control m(lt) Internal Culvert Structures [] (5) Slope Break in Culvert

[N (6) Looking at Inlet from 25 ft [] (7) Instream Structures X (8) Bank Stabilization Structures [ (9) Local Erosion
[1(10) Local Failures [ (11) Channel Incision [ (12) Channel Aggradation [ (13) Other:

CULVERT DATA

Physical: Length: 255 & (ft) Rise: (ft) Span: (f) Diameter: /45 (ft)

Scour width: L (ft) Scour length: i’_ (ft)

Corrugation (height): *7-' (in.) (width): L (in.)

Material: m Steel (] Aluminum [ PvC CIHDPE [] Concrete [] Other:

Shape: O Box m Circular Pipe O Pipe-arch (Squash Pipe) [ Horizontal Ellipse [J Arch [J Arch Box

Roughness: [ smooth IXJ Corrugated Annular (5] Corrugated Spiral [ZPlatcd EZPavedD Baffles (] Slope Breaks
Inlet: (] Projected m Mitered [] Headwall (] Wingwall (10-30 Deg) (] Wingwall (30-70 Deg) [ Apron [] Embedded
Inlet Edge Conditions: [ Grooved Edge m Square Edge [ Beveled Edge

Outlet: [] At stream grade [] Perched M Cascade [] Freefall [] Apron m RipRap [J Embedded

Hydrautic Jump: [¥] Absent [ Present

Hydraulic Jump Location: O et [ outtet [ Upper 3] Middle 3“[] Lower 3"

SUBSTRATE DATA

Condition: [Z] Absent [] Continuous [ Discontinuous [] Patchy

Inlet: m Absent [] Present Outlet: m Absent [] Present

Observed Size: [] Boulders [] Cobble [] Gravel (] Sand [] Fines

Notes:  AScessmaf  Duado, ST min

Figure C-11: Page 1 of Fish Passage Assessment of Salina Creek Culvert
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LONGITUDNAL SURVEY DATA
Benchmark: M Inlet Invert (] Outlet Invert Rod Height: E (ft)

Channel
Station | BS (+) HI | FS(+) | Horizontal | Elev Notes Nomenclature

] 0-66tF BM = Benchmark
4 0.45 TP = Turning Point |
% |- 0.bst 10+ T , Bm CC = Culvert Ceiling]
Ha | 76.07 25 SB = Stream Bed
4 | 24 4Rk 25 1 = Invert

5 -2.02 RS = Road Surface
L 2.6% Costede S = Sag/Break

3 - oued (o' Adap A= Apron

g = Oyev bl deep

9 -4 .28 Additional
[d=] Fe.015

STATIONING
Culvert Inlet/#pron (2)
Horizontal leap
ooy Road surface (4) a,f.fj,;“;‘,“"“ =
12 (a) &) =
‘\_;_z?:\ Tailwater Control (3)
Pool control 100t
downsream
(10}
Poal control 100f R
uow;:sm
(
Culvert Outlet/Apron (5}
Adult lesp distanos /
Juvenile leap distance PD[?,I) ??:jum
©
CC = Culvert Ceiling at Inlet (3) and Outlet (5) S = Sag/Break in Culvert

Figure 1. Longitudinal Profile Stations (Modified USFS Photo Clarkin et alt)

Horizontal Distances

d(1),.,: 02.8 () d(2),.,:_%0-2 (7)) d(3),_,: 255 k(1) d(4),_,,: [10.08 (®)

Figure C-12: Page 2 of Fish Passage Assessment of Salina Creek Culvert
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FIELD CALCULATIONS
Culvert Slopes: Invert Slope ,_; : 0.5k (%) Ceiling Slope 37,57, °
Inlet/Outlet Depth/Drop: Residual Inlet Depth: ¢/, [ 2 (ft) Outlet Drop: 2. F  (ft)

(%)

Culvert Length/Slope Product: Culvert Length (ft) X Culvert Slope (%): _ /Y 2 (ft)
Scour Hole to Culvert Width: & [ f] (fv/ft)

CULVERT FISH PASSAGE STATUS

| ADULT SALMONID STATUS: [IRED [JGREEN [JGREY

| JUVENILE SALMONID STATUS: [IRED [JGREEN []GREY

l CYPRINIDAE STATUS: [ RED [JGREEN []GREY

| SMALL BENTHIC STATUS: [(XIRED [JGREEN []GREY

HYDRAU LIC CAUBRAT")N (Only Perform for Passage Status of GREY when Baffles are NOT Present)

Tailwater Cross Section Looking upstream to Point 9: Stationing is from Left bank to Right bank

Station | BS (+) HI FS(+) | Elevation Notes
[2) 2,13
5 [-ye2 left Bank
lo ~4,38
1y -4.38
[ -4.98 Lighd Bean K
20 %.7¢ i

Calculate Discharge []Mid-Culvert (Finish & Proceed to Sketch) [] Other (Finish & Proceed to Culvert Conveyance)

Station | Width (ft)| Depth (ft)| A (ft*2) | V (ft/s) Station | Width (ft) | Depth (ft) | A (ft*2) | V (ft/s)
o %) 0 o [reds [sefS
; [ -1 % 4o
L | I I 155 Yo
v5 ! 0.8 0.8 155 Yo
3.9 ! 0.4 0.y 199 Yo
4 0] ¢} (r) e do
3

Figure C-13: Page 3 of Fish Passage Assessment of Salina Creek Culvert
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CULVERT CONVEYANCE
Standard Culvert Conveyance CSA

N INLET MIDPOINT QUTLET
/ a s « M w o« [ @ = 33
( b 23w b _[] @ w_l°F @
“ S e eme e W @ e
\\ b // lb
-—E__,—/ £d

a = Distance from top of culvert to weter surface b = Distance from water surface to substrate

¢ = Distance from top of substrate to bottom of culvert When c = 0 then b = distance from water surface to culvert battom

The depth at (c) can be solved for by subtracting (a) and (b) from a known culvert diameter or rise. If the culvert is
sufficiently embedded at the inlet and outlet, and the depth at (c) cannot be easily obtained; notate (c) as “NA”.

Notes:

BAFFLE SKETCH:

Figure C-14: Page 4 of Fish Passage Assessment of Salina Creek Culvert
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Figure C-15

: Page 5 of Fish Passage Assessment of Salina Creek Culvert
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CULVERT DATABASE ID#: _____ (Assigned by UDOT ETS)
FISH PASSAGE ASSESSMENT FIELD DATA SHEET

Surveyor Names: Aaion Beayes ;. Sheewn Stanley Field Date: % / 2/ 08
SITE
# Barrels: / Barrel #: ! of {
5 ™
UDOT Region: Route#: /O Milepost #: Stream Name; __ Dasiels  Cleck

GPS: (Lat): 4{0. 28523 " (Long):_//l. %22 " Coordinate System: 1US& £ Units: _[eqrees

PHOTOS: Provide Photo #'s, Locations, and Shot Orientation in Sketch

IX] (1) Embankment Looking Upstream ® (2) Embankment Looking Downstream

X (3) Looking at Outlet to include Outlet Control L] (4) Internal Culvert Structures [] (5) Slope Break in Culvert

@ (6) Looking at Inlet from 25 ft O (7) Instream Structures m(S) Bank Stabilization Structures [X] (9) Local Erosion
M. (10) Local Failures | (11) Channel Incision B (12) Channel Aggradation [=] (13) Other:

CULVERT DATA:

Physical: Length: l (ft) Rise:__ " (ft) Span: __ -~ (ft) Diameter: ﬁ (ft)

Scour width: [/ (ft) Scourlength: [0 ()

Corrugation (height): % (in) (widthy: &  (in)

Material: [ teel (] Aluminum [J PvC (] HDPE [J Concrete (] Other:

Shape: OBox [X] Circular Pipe O Pipe-arch (Squash Pipe) [ Horizontal Ellipse [ Arch [J Arch Box

Roughness: [ Smooth MC‘orrugated Annular [] Corrugated Spiral IZI Plated WPavedD Baffles [] Slope Breaks
Inlet: (] Projected [ Mitered ] Headwall ] Wingwall (10-30 Deg) X Wingwall (30-70 Deg) (] Apron [J Embedded
Inlet Edge Conditions: [] Grooved Edge [HSquare Edge (] Beveled Edge

Outlet: [] At stream grade [ Perched [ Cascade [J Freefall [ Apron O RipRap mEmbedded

Hydraulic Jump: [] Absent m Present

Hydraulic Jump Location: (A mtet (] outlet (1 Upper 3 L] Middle 3[] Lower 34

SUBSTRATE DATA: Provide Substrate Characteristics and Geometry in Sketch

Condition: [] Absent [] Continuous IE Discontinuous [] Patchy

Inlet: [ Absent [ Present Outlet: (] Absent [ Present

Observed Size: (] Boulders [ Cobble [ Gravel [¥] Sand m Fines

Notes: ‘:“”h‘hﬁ-’( beeins  apwy (2t fucide cCulveud [nled and condinues =
lenett, of calye.d Jo putlef

Hudiawly ‘umo oces, §  td  af fag de Calve 4 inled,
ok 7 7

ﬂw-r s [_\Llr’vf))‘\, 2b_mpa

Figure C-16: Page 1 of Fish Passage Assessment of Daniel’s Creek #1 Culvert
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LONGITUDNAL SURVEY DATA

Benchmark: [ Intet Invert (] Outlet Invert Rod Height: % (ft)

Channel
Station | BS (+) HI | FS(+) | Horizontal | Elev Notes Nomenclature
I LefsS | g1 (03.5% BM = Benchmark
2 - 0, 1% 102, 185] TP = Turning Point
3 ht 23 13- . oo CC = Culvert Ceiling
Ya_ | 2.Fes 110.2.8 SB = Stream Bed
U | 8. o [10 .12k I =Invert
5 2 les | 9" [-O.8 9925 RS = Road Surface |
(o — 8.8k q99.24 S = Slope Break
El -0, % 98.93 A= Apron
[ =23 9623 LB = Left Bank
4q 0.126 100 .13 RB = Right Bank
lo |—e0.935 94, 135]
Additional
STATIONING
Culvert Inlet/Apron {3}
Forizontal lsap
First distance for
‘:_':“’,';'“ L S dpan

i g Tailwater Control (3)

Pool control 100t
downstream
{19}

Pool control 100ft
upstream
m
Culvert Outlet/foron (5)

Adult leap distance /
P
Juvenile leap distanocs oﬁ-') */x(,g“;m

CC = Culvert Celing st Inet (3) and Outlet (5)

Figure 1. Longitudinal Profile Stations (Modified USFS Photo Clarkin et alt)

Horizontal Distances

Aoy b2 @ d2),n,: 2 @ d@)a_ 90 @ d@),.,: bk @

Figure C-17: Page 2 of Fish Passage Assessment of Daniel’s Creek #1 Culvert
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FIELD CALCULATIONS
Culvert Slopes: Tnvert Slope ;- 083 (%) Ceiling Slope 17, 57,0 /A (%)
Inlet/Outlet Depth/Drop: Residual Inlet Depth: 0.2 35 (ft) Outlet Drop: —€ 185 (ft)
Culvert Length/Slope Product: Culvert Length (ft) X Culvert Slope (%): __/ 5 (ft)
Scour Hole to Culvert Width: _M_ (fvft) :
CULVERT FISH PASSAGE STATUS
| ADULT SALMONID STATUS: [JRED [WGREEN [JGREY |

| JUVENILE SALMONID STATUS: [JRED [JGREEN [JGREY |

| CYPRINIDAE STATUS: [JRED [ GREEN []GREY |

[ SMALL BENTHIC STATUS: LIRED I GREEN [JGREY |

HYDRAULIC CALIBRATION (Only Perform for Passage Status of GREY when Baffles are NOT Present)

Tailwater Cross Section Looking upstream to Point 9: Stationing is from Left bank to Right bank

Station | BS (+) HI FS(+) | Elevation Notes

Calculate Discharge [ Mid-Culvert (Finish & Proceed to Sketch) [] Other (Finish & Proceed to Culvert Conveyance)

Station | Width (ft)] Depth (ft)] A (ft*2) [ V (ft/s) Station | Width (ft) | Depth (ft) | A (it"2) | V (itls)

Figure C-18: Page 3 of Fish Passage Assessment of Daniel’s Creek #1 Culvert
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CULVERT CONVEYANCE
Standard Culvert Conveyance CSA

E B INLET MIDPOINT QUTLET
¢ :
,/ a a a ) a ® a )]
l\ b: @ b @ b M)
\ WY SZ T c i e e (ft)
43 b // l b

a = Distance from top of culvert to water surface b = Distance from water surface to substrate
¢ = Distance from top of substrate to bottom of culvert

When ¢ = 0 then b = distance from water surface to culvert bottom

The depth at (c) can be solved for by subtracting (a) and (b) from a known culvert diameter or rise. If the culvert is
sufficiently embedded at the inlet and outlet, and the depth at (c) cannot be easily obtained; notate (c) as “NA”.

Notes:

BAFFLE SKETCH:

Figure C-19: Page 4 of Fish Passage Assessment of Daniel’s Creek #1 Culvert
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SKETCH:
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Figure C-20: Page 5 of Fish Passage Assessment of Daniel’s Creek #1 Culvert
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CULVERT DATABASE ID#: __ (Assigned by UDOT ETS)
FISH PASSAGE ASSESSMENT FIELD DATA SHEET
Surveyor N Ao Besves | Ashdpn Beay as Field Date: 5/ 22/ 08
SITE
#Barrels: 4 Barrel#: | of Y
UDOT Region: Route#: b Milepost #: Stream Name: _ Dawiond a2 i

GPS: (Lat):40.02719%  (Long): 1]. 5t 244 Coordinate System: W5 & 84 Units: ?ngmff
PHOTOS: Provide Photo #’s, Locations, and Shot Orientation in Sketch

E] (1) Embankment Looking Upstream [l (2) Embankment Looking Downstream

] (3) Looking at Outlet to include Outlet Control O (4) Internal Culvert Structures O (5) Slope Break in Culvert

[ (6) Looking at Inlet from 25 ft [ (7) Instream Structures [ (8) Bank Stabilization Structures [] (9) Local Erosion
[J(10) Local Failures [ (11) Channel Incision [ (12) Channel Aggradation [ (13) Other:

CULVERT DATA:

Physical: Length: [b Y (f) Rise: () (f) Span: "L (ft) Diameter: R ;]

Scour width: _ b© (ft) Scourlength: %26 ()

Corrugation (height): _ (in) (width): _ (in)

Material: [ Steel [J Aluminum (] Pvc [JHDPE WConcrete [ oter:

Shape: m Box [] Circular Pipe = Pipe-arch (Squash Pipe) [J Horizontal Ellipse [ Arch [ Arch Box

Roughness: [ Smooth [ Corrugated Annular i Corrugated Spiral [ plated (1 Pavedm Baffles (] Slope Breaks
Inlet: (] Projected [] Mitered (] Headwall (] Wingwall (10-30 Deg) m Wingwall (30-70 Deg) LZ Apron [] Embedded
Inlet Edge Conditions: [] Grooved Edge @ Square Edge [ Beveled Edge

Outlet: [ At stream grade [A Perched [1 Cascade (] Freefall (] Apron [J RipRap [J Embedded

Hydraulic Jump: Iﬁ Absent [] Present

Hydraulic Jump Location: []Tnlet [J Outlet (] Upper 3" [ Middle 3 [] Lower 3"

SUBSTRATE DATA: Provide Substrate Characteristics and Geometry in Sketch

Condition: [] Absent [] Continuous (] Discontinuous (] Patchy

Inlet: [ Absent [] Present Outlet: [ Absent (] Present

Observed Size: [] Boulders [X] Cobble X Gravel (] Sand [ Fines

Notes: _ Subighvade founcd (Io§j5m} baffles I sevewc| dawes

Acgesnend Duaehin 63 min

locatel undae  rzilvoad hecsel

Figure C-21: Page 1 of Combined Fish Passage Assessment of Diamond Fork #1 & #2 Culverts
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Benchmark: (] Inlet Invert lﬁomlm Invert Rod Height: 5 (ft)
Channel
ot *[Station | BS(+) | HI | FS(+)| Horizontal | Elev Notes Nomenclature
2 (o —(2,25 BM = Benchmark
ok A [ tiors] TP = Turning Point
ok 2 Toe deep (fasl nde CC = Culvert Ceiling|
L - Sl Too dees [fuct pngef€ SB = Stream Bed
20 TR =TT <) 1= Invert
o 5A |-9.955 1575 STSA RS Road Surizew
9 —1,58¢ S = Slope Break
2 oo _deq) A= Apron
| -1. g1 oudlet Apra of Gpcligan Culyert| LB = Left Bank
| Ya | 28.05 RB = Right Bank |
4h 29,02
— Additional S
"GP SA |51 —&A
[ L oo deg?
s d Yoo decp
= X g Toe dee?
LY e ° =h53q Tnlet inuend downthoeie Cuhad
wy 377 90.b6] YL apoxnifa
a 40.6(
% .858
2 7.9%%
[ 2. 842
STATIONING
Culwert Inlet/fpron (2}
Horizontal lzap
s Read surfacs () il
T (&) ) e
Tailwater Control {9}
R a——

LONGITUDNAL SURVEY DATA

Pool control 100ft
S——— upstream
m
Culvert Outlet/Apron {5)
Adult leap distanoe f
Poaol botiom

Juvenile Ke[;;: distance 7)1/ 18

CC = Culvert Celing at Inlet (3) and Outlet (5)

Fool control 1001t
downstream

Figure 1. Longitudinal Profile Stations (Modified USFS Photo Clarkin et alt)

Horizontal Distances

dD) oy NA @ d@),ey: NA @ dB) . 16 @) @)l 2224 ()

Figure C-22: Page 2 of Combined Fish Passage Assessment of Diamond Fork #1 & #2 Culverts
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FIELD CALCULATIONS
Culvert Slopes: Invert Slope ,_ ; : 0.lo [ (%) Ceiling Slope 3op=5Top ©
Inlet/Outlet Depth/Drop: Residual Inlet Depth: (ft) Outlet Drop: (ft)

(%)

Culvert Length/Slope Product: Culvert Length (ft) X Culvert Slope (%): ({ 6[ (ft)
Scour Hole to Culvert Width: (fr/ft)

CULVERT FISH PASSAGE STATUS
| ADULT SALMONID STATUS: [IRED [IGREEN [0 GREY |

| JUVENILE SALMONID STATUS: [JRED [JGREEN [JGREY |

[ CYPRINIDAE STATUS: [JRED [JGREEN [J GREY |

| SMALL BENTHIC STATUS: [(JRED [JGREEN [ GREY |

HYDRAULIC CALIBRATION (only Perform for Passage Status of GREY when Baffles are NOT Present)

Tailwater Cross Section Looking upstream to Point 9: Stationing is from Left bank to Right bank

Station | BS (+) HI FS(+) | Elevation Notes

Calculate Discharge ] Mid-Culvert (Finish & Proceed to Sketch) [ other (Finish & Proceed to Culvert Conveyance)

Station | Width (ft)] Depth ()] A (ft"2) | V (ft/s) Station | Width (ft) | Depth (Tt) | A (ft"2) | V (it/s)

Figure C-23: Page 3 of Combined Fish Passage Assessment of Diamond Fork #1 & #2 Culverts
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4

CULVERT DATABASE [D#: _(Assigned by UDOT ETS)

FISH PASSAGE ASSESSMENT FIELD DATA SHEET
Surveyor Names: Aaver Beaves Ach £ Bfﬂ fevS  FieldDate: % /2208

SITE
#Barrels: L Barrel#: [~ 2 of 2 ( wool Celvpd )
UDOT Region: Route #: LJ Milepost #: Stream Name: D"ffl y ouwd %’1 |l<

GPS: (Lat): 0. 028/, 7 (Long): /[1.5P1%25  Coordinate System: W55 &4 Units: Deceva ¢ D{'ﬁl& <
PHOTOS: Provide Photo #'s, Locations, and Shot Orientation in Sketch

[E( 1) Embankment Looking Upstream [¥] (2) Embankment Looking Downstream

m (3) Looking at Outlet to include Outlet Control [Hm) Internal Culvert Structures [] (5) Slope Break in Culvert

X (6) Looking at Inlet from 25 ft O (7) Instream Structures > (8) Bank Stabilization Structures O (9) Local Erosion
[ (10) Local Failures [ (11) Channel Incision [ (12) Channel Aggradation [ (13) Other:

CULVERT DATA:

Physical: Length: i (ft) Rise: _/0_ (ft) Span: /_7/ (ft) Diameter: _ (ft)

Scour width: 7 (f) Scourlength: bO ()

Corrugation (height): ~ (in.) (width):  (in)

Material: (] Steel (] Aluminum (] PvC (] HDPE mConcrete [ other:

Shape:MBox [ circular Pipe B Pipe-arch (Squash Pipe) [ Horizontal Ellipse [ Arch [J Arch Box

Roughness: [] Smooth [ Corrugated Annular [] Corrugated Spiral [ Plated [ Paved [ Baffles (] Slope Breaks
Inlet: [J Projected [J Mitered ] Headwall [J Wingwall (10-30 Deg) (] Wingwall (30-70 Deg) (] Apron [] Embedded
Inlet Edge Conditions: [] Grooved Edge EE,Square Edge []Beveled Edge

Outlet: [] At stream grade O perched [ Cascade (1 Freefall [X] Apron =] RipRap [ Embedded

Hydraulic Jump: EAbsent [ Present

Hydraulic Jump Location: [ Inlet[] Outlet O Upper 3™ O Middle 3 [ Lower 3™

SUBSTRATE DATA: Provide Substrate Characteristics and Geometry in Sketch

Condition: [] Absent [] Continuous [ Discontinuous [,ﬁ Patchy

Inlet: IXj Absent ] Present Outlet: mAbsem [J Present

Observed Size: M Boulders [f] Cobble [7] Gravel Eﬁ Sand w Fines

Notes: _ SCuysva| SectionS of botta r][}!,b baffles dve (owgelely sbohucled widt
ed i end € o Nl Gide

Atcegna § Auyation: 32 mi

Figure C-24: Page 4 of Combined Fish Passage Assessment of Diamond Fork #1 & #2 Culverts
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LONGITUDNAL SURVEY DATA
Benchmark: [ Inlet Invert IZI Outlet Invert Rod Height: 9 (ft)

Channel
Station | BS (+) HI | FS(+) | Horizontal | Elev Notes Nomenelature
UL ! 3,34% BM = Benchmark
2 R ] TP = Turning PQ]'ntJ
faTe 3 72855 CC = Culvert Ceilin
Ya 40 fa «pax ~ 44 SB = Stream Bed
Yy 490.6 | I = Invert
4 —|.5B5 RS = Road Surface
) Teo deep S = Slope Break
F oo _deep A= Apron
G Tov_desp [Fasd LB = Left Bank
A | -1:51 s =5A RB = Right Bank
LA~
YHb 28055 Additional
W s 1293
e I =15
o 2 Teoo cleed
2 1,505
54 |-A35S 5=54
= =80 :
7 Too_deep [fest
8 T deep jfcsd
1 —[[.02%
[{e] —1LA8S
STATIONING
Culvert Inlet/pron (2) ;
Horizontal laap
First upsiream distance for
control analysis species

Tailwater Control [S)

Pool conwol 100ft
dewnstraam
(19)

Pool conirol 1007
upstream

m
Culvert Dutlet/fpron {5)

Adult leap distanos /
Juvenile lesp distsnce Foa hadas
& 7/

CC = Culvert Ceiling at Inlet (3) and Outlet (5)

Figure 1. Longitudinal Profile Stations (Modified USFS Photo Clarkin et alt)

Horizontal Distances
A1) ny: 123 @ d@)ymyi B0 @ dB)isi 518 @ dd)on: MA@

Figure C-25: Page 5 of Combined Fish Passage Assessment of Diamond Fork #1 & #2 Culverts
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FIELD CALCULATIONS

Culvert Slopes: Invert Slope ,_, 5 : 0.1 (%) Ceiling Slope 57, .57, © (%)

Inlet/Qutlet Depth/Drop: Residual Inlet Depth: (ft) Outlet Drop: (ft)
Culvert Length/Slope Product: Culvert Length (ft) X Culvert Slope (%): (ft)
Scour Hole to Culvert Width: (ft/ft)

CULVERT FISH PASSAGE STATUS
| ADULT SALMONID STATUS: [JRED [JGREEN IJGREY

| JUVENILE SALMONID STATUS: [JRED [JGREEN [XGREY

| CYPRINIDAE STATUS: [ORED [IGREEN [XGREY j

[ SMALL BENTHIC STATUS: [JRED [JGREEN [X GREY |

HYDRAULIC CALIBRATION (Dn1y Perform for Passage Status of GREY when Baffles are NOT Present)

Tailwater Cross Section Looking upstream to Point 9: Stationing is from Left bank to Right bank

Station | BS (+) HI FS(+) | Elevation Notes

Calculate Discharge (I Mid-Culvert (Finish & Proceed to Sketch) O other (Finish & Proceed to Culvert Conveyance)

Station | Width (ft)] Depth (f)] A (ft"2) | V (ftls) Station | Width (ff) | Depth (ft) | A (ft"2) | V (ftls)

Figure C-26: Page 6 of Combined Fish Passage Assessment of Diamond Fork #1 & #2 Culverts
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CULVERT CONVEYANCE
Standard Culvert Conveyance CSA

INLET MIDPOINT OUTLET
/ ‘ a a a @) a M a ()
( b: @ b ® b (@)
7.4 V4 c M c M oo ®
\ ’ b= # 1 b
c c ]

& = Distance from top of culvert fo water surface b = Distance from water surface to substrate
¢ = Distance from top of substrate to bottom of culvert  When ¢ = 0 then b = distance from water surface to culvert bottom

The depth at (c) can be solved for by subtracting (a) and (b) from a known culvert diameter or rise. If the culvert is
sufficiently embedded at the inlet and outlet, and the depth at (c) cannot be easily obtained; notate (c) as “NA”.

Notes:

BAFFLE SKETCH:

op View Orien
] |

b in

cudletd |ou\'—m)3
u‘aﬁw_‘:_-v)

Bat(les watfed

\ A |

a.mfﬁmﬂg Bafte s J 1nted

g T

Figure C-27: Page 7 of Combined Fish Passage Assessment of Diamond Fork #1 & #2 Culverts
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Figure C-28: Page 8 of Combined Fish Passage Assessment of Diamond Fork #1 & #2 Culverts
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Figure C-29: Page 9 of Combined Fish Passage Assessment of Diamond Fork #1 & #2 Culverts
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Appendix D ASSESSMENT TRAINING MANUAL

As part of the project a culvert assessment training manual was created. The
UDOT Culvert Assessment Training Manual (CATM) contains information to train
UDOT employees and volunteers on both the hydraulic (section 3) and fish passage
(section 4) assessments. The CATM has been formatted to the same format as this
report. It contains its own table of contents, list of figures and tables and related

appendices.
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1 INTRODUCTION

This document is designed to train and instruct UDOT employees and volunteers
on the correct method of performing hydraulic and fish passage assessments. Personnel,
safety, and equipment use or other guidelines contained in this document do not
supersede established UDOT guidelines or standard operating procedure. When conflicts
arise the procedures contained in this document should be modified or amended to reflect
current UDOT regulations and guidelines. Training should be performed by individuals
familiar with current UDOT safety requirements. Ideally training staff should also

possess familiarity with surveying, stream morphology and culvert hydraulics and design.
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2 SAEETY

Considerations:

e Vehicle parking spot (shoulder) has adequate room to safely load/unload
people/equipment

e Vehicle parking spot has adequate sight distance in both directions

e Assess level of traffic in general site area and familiarize yourself to sight
distances and speed of traffic

e Post cones, working signs or flaggers where/when needed

e Ensure safe entry and exit paths to culvert assessment site

e Thick abrasive brush

e Steep slopes

e Loose cobble/gravel

e Traverse easiest slopes to culvert

Remember:
e Running water and traffic sound similar
e Weather conditions effect traffic hazards
e Slippery and uneven streambed/culvert pose hazards
e Rusted culvert bottoms pose hazards
e High/fast stream flows can be dangerous
e Use caution when removing brush or other obstructions
e Assess culvert and general site for wasps/bees/hornet nests
e Assess site for other wildlife

e Drink enough water & stay warm
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3 ASSESSMENT PREPARATION

3.1 Hydraulic Assessment Teams

Assessment teams should be properly trained on the assessment procedure.
Training should be expected to last up to eight hours (including two hours travel time to
field culvert site) while providing hands-on training in the field. This training should also
include instruction on UDOT safety protocol. Assessment teams should possess no less
than two people. Experienced teams can expect to spend approximately five minutes or

less at each assessment site depending on the physical conditions of the site.

3.2 Fish Passage Assessment Teams

Assessment teams should be properly trained on the assessment procedure.
Training should be expected to last two to three days and provide on hands training in the
field as well as classroom instruction. This training should also include instruction on
UDOT safety protocol. Assessment teams should possess at least two people.
Experienced teams can expect to spend twenty to forty minutes at each assessment site

depending on the level of assessment necessary and the physical conditions of the site.

3.3 Site Preparation

Heavy brush may have to be removed to gain access to the culvert site or create a
clear path for photographs or surveying. Do not move or attempt to cut/fell/move large
or heavy obstacles. If brush needs to be removed utilize the camp saw and clippers to
remove the brush. Always cut paths along the gentlest slope to gain access to the stream.
Always use caution when removing brush. The brush presents poking/stabbing hazards
as well as cutting hazards when using sharp tools. Remember to be watchful for

bee/hornet/wasp nests. Ensure you are wearing the following while removing brush:
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e Hard hat
o Safety Glasses

e Leather Gloves

Follow UDOT guidelines for posting signs or flaggers relative to the work you are

performing and its proximity to the roadway.
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4 HYDRAULIC ASSESSMENT

4.1 Equipment List

e Field Copy: Instruction for Fish Passage Assessment of UDOT Culverts
e Standard UDOT required safety gear

e Standard UDOT road/work crew posting equipment
e Hard hat

e Leather gloves

e Safety glasses

e Safety vest (hi-viz)

e Waders

e Wading belt

e Felt soled boots

e Wading staff

e Shoulder bag

e Flashlight/headlamp

e Digital camera & extra batteries

e GPS unit & extra batteries

e Hand held radios w/ clip/harness

o First aid kit

e Folding Camp Saw & Brush Clippers

e Regional map

e White eraser board

e Black dry markers
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4.2 Data

Data physically obtained at culvert sites:
GPS coordinates of culvert inlet

Outlet flow condition

Outlet elevation orientation

Culvert backwater condition

Photographs are taken with a crew member holding an erasable white board in the

photo with the following data legibly inscribed with a dark erasable marker (figures 4-1
through 4-3):

Month/Day/Y ear

“Inlet” or “Outlet” identifying correct culvert opening in photo

GPS coordinates of inlet (North and West in decimal degrees)

“Backwatered” or “Not-Backwatered” identifying the culvert backwater condition
“Critical” or “Sub-Critical” identifying critical or sub-critical flow at the outlet

“Perched” or “Not-Perched” identifying outlet elevation orientation
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Figure 4-2: Hydraulic Assessment Photo Taken at the Outlet
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Figure 4-4: Hydraulic Assessment Photo Taken at the Outlet
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4.3 Outlet Flow

The critical and sub-critical flow of water at the culvert outlet can be determined
by using a wading staff. The staff must be held in the following manner (figure 4-5):
e Atan arms length upstream of the holder
o Staff is placed in the middle of the outlet invert
e Holder stands downstream of the staff

o Holder positions her/himself to one side of the staff, not directly downstream

Figure 4-5: Correct Posture and Orientation for Determining Outlet Flow with a Wading
Staff

At this point wave action at the upstream side of the staff can be used to evaluate
critical or sub-critical flow conditions. If waves can be seen propagating upstream of the
staff this indicates sub-critical flow (figure 4-6). An absence of these upstream moving

waves indicates critical flow (figure 4-7).
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Figure 4-6: Sub-Critical Flow Wave Action on the Upstream Side of a Wading Staff
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Figure 4-7: Critical Flow Wave Action on Wading Staff

4.4 Backwatered Culvert

A Dbackwatered culvert can be visually determined by a generally smooth water
surface near the inlet and outlet with no noticeable change in water surface slope between
the inlet and outlet. The following photographs are indicative of what is defined in this

document as a backwatered culvert (figures 4-8 through 4-13).
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Figure 4-8: Inlet of Backwatered Culvert #1

Figure 4-9: Outlet of Backwatered Culvert #1
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Figure 4-10: Inlet of Backwatered Culvert #2

Figure 4-11: Outlet of Backwatered Culvert #2
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Figure 4-13: Outlet of Backwatered Culvert #3
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45 Elevated Outlet

An elevated outlet can be visually determined by noticeable drop in water surface
elevation at the outlet. The following photographs are indicative of what is defined in

this document as an elevated outlet (figures 4-14 through 4-17).

Figure 4-14: Elevated Outlet
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Figure 4-16: Elevated Outlet

172



Figure 4-17: Elevated Outlet

4.6 Hydraulic Filter

This assessment is to be used with the Hydraulic Filter. The Hydraulic Filter is
meant to be a very rough filter, not a declaration of the culverts absolute fish passage
status. It’s used to regionally prioritize culverts by rating them on a scale of 1 to 3, with a
value of 1 being the highest priority. The Hydraulic Filter aids in prioritizing culverts for

the Fish Passage Assessment (figure 4-18).
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Figure 4-18: Hydraulic Filter
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5 FISH PASSAGE ASSESSMENT

5.1 Equipment List

e Field Copy: Instruction for Fish Passage Assessments of UDOT Culverts
e Fish Passage Assessment Field data sheets
e Standard UDOT required safety gear

e Standard UDOT road/work crew posting equipment
e Standard UDOT survey equipment

e Hard hat

e Leather gloves

e Safety glasses

o Safety vest (hi-viz)

e Waders

e Wading belt

e Felt soled boots

e Wading staff

e Shoulder bag

e Ruler

e Flashlight/headlamp

e Digital camera & extra batteries

e 300 ft fiberglass tape measure

e 25 ft hand tape

e Landscape markers/flags

e GPS unit & extra batteries

e Hand held radios w/ clip/harness

o First aid kit

e Folding Camp Saw & Brush Clippers
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Clip boards

Pencils

Regional map

Velocity meter & associated discharge calculation equipment
Calculator & extra batteries

White eraser board

Black dry marker

The reader is encouraged to follow along with a copy of the Fish Passage Assessment

field data sheet located in Appendix A.

5.2 Data

At the end of the assessment collected data will be utilized to determine a fish

passage status of the culvert. The field data sheet is broken up into nine main tasks:

Site Information

Photos

Culvert data

Substrate data

Longitudinal Survey data

Field calculations

Culvert Fish Passage Status & Fish Screens
Hydraulic calibration

Site Sketch

Throughout performing the assessment annotate any and all explanations and/or

comments which help describe conditions as they really exist. Additionally, notes should

include comments to you to help keep the data in order.
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5.3 Site Information

This section contains regional and local topographical data. UDOT region, route
number, milepost number, and stream name can be obtained from regional maps. If the

milepost number or stream name cannot be determined it’s reported as “unknown”.

GPS coordinates should be taken at the upstream side of the culvert at the culvert
inlet; ideally directly above the inlet. Ensure the GPS coordinates correlate with the
perceived map location of the assessment site. Record the coordinate system the GPS

coordinates were obtained in and the respective units they are reported in.

Take time to visually inspect the entire site. Identify and assess all potential
hazards. Utilize this time to familiarize yourself with your surroundings and make an
initial sketch of the road-stream crossing. This initial sketch should include:

e North arrow

e Culvert to include headwalls and wingwalls
e Stream

e Road

e Road/Stream Orientation

e Flow direction

Refer section 5.11 of this document for detailed site sketch information.

5.4 Site Photos

This section contains general photo descriptions of key data used to evaluate the
physical conditions of the culvert itself, additional local structures, and local stream
morphology.

Photos have been divided into eleven categories. Each has been assigned a
numerical value of one through eleven. The location of the photo and its orientation

relative to the culvert should be indicated on the sketch portion of the field data sheet.
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Photos categories for each site include the following:
e Embankment looking upstream
e Embankment looking downstream
e Looking at Outlet
e Internal culvert structures
e Slope Break in culvert
e Looking at the inlet
e Instream structures
e Bank stabilization structures
e Local erosion
e Local failures
e Other

5.4.1 Embankment looking upstream

This photo should be taken from above the culvert inlet looking upstream. The
photo should capture the culvert inlet and the immediate area upstream of the culvert.
Usually, this first photo will also contain the general floodplain topography of the
channel. If not, take additional photos which include the general topography of the
floodplain (figures 5-1 & 5-2).
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Figure 5-2: Additional Embankment Looking Upstream Photo Showing Floodplain
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5.4.2 Embankment looking downstream

This photo should be taken from above the culvert outlet looking downstream.
The photo should capture the immediate area of the culvert outlet and scour hole or the
first pool immediately downstream of the culvert outlet. Usually, this photo also contains
the first downstream riffle and the floodplain topography. If not, take additional photos
which include the first downstream riffle and general topography of the area (figures 5-3
& 5-4).

Figure 5-3: Embankment Looking Downstream Photo
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Figure 5-4: Additional Embankment Looking Downstream Photo Showing Floodplain

5.4.3 Looking at the outlet

At least two photos should be taken. The first photo should be taken from a
position downstream of the tailwater control for first downstream riffle and should
include at least the tailwater control and culvert outlet to include head and/or wingwalls.
The second photo should include a close up of discharge at the outlet invert (figures 5-5
& 5-6).
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Figure 5-6: Photo of Discharge at Outlet Invert
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Often the tailwater control of the culvert is not a part of the natural channel
morphology. Tailwater controls can be downstream beaver dams or debris/log jams or
other instream obstructions. Take pictures of these cases relative to the culvert if

possible. Mark the location of the tailwater control in the sketch (figures 5-7 through 5-
9).

Figure 5-7: Beaver Dam Tailwater Control Relative to the Culvert Outlet
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Figure 5-9: Debris Dam Causing Backwater Conditions
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5.4.4 Internal culvert structures

Internal structures can be natural or man made structures (figures 5-10 through 5-
17). Man made structures might include fish baffles or wildlife/pedestrian trails. Natural
structures may include wedged logs, debris piles or other material clogged in the culvert.
Culverts containing fish baffles should include close up photos of the baffles at the outlet,
mid-culvert, and inlet. Remember to mark the location of internal structures or

conditions in the sketch.

Figure 5-10: Wildlife Trail in Culvert
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Figure 5-12: Photo of Fish Baffles Mid-Culvert
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Figure 5-13: Photo of Fish Baffles at Inlet (Looking Upstream)

Figure 5-14: Fish Baffles Filled in with Sediment
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Figure 5-15: Spillway at Inlet

Figure 5-16: Detailed View of Spillway at Inlet
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Figure 5-17: Debris Pile at Culvert Outlet

5.4.5 Slope breaks in culvert

Slope breaks represent a noticeable change in the physical culvert slope between
the inlet and culvert; the culvert will take on a noticeable “bent” shape somewhere inside

the barrel. Take several photos and mark the location of the slope break in the sketch.

5.4.6 Looking at inlet

This photo should be taken approximately twenty-five feet upstream of the culvert
inlet. The photo should include the entire inlet including left and right stream banks and

head/wingwalls (figure 5-18).
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Figure 5-18: Photo of Inlet from 25 feet

5.4.7 Instream structures

Instream structures include natural or man made structures such as large trees,
boulders, beaver dams, weirs, and diversions located in the general upstream and

downstream area of the culvert (figures 5-19 & 5-20).
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Figure 5-20: Large Boulders Downstream of a Culvert Outlet
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5.4.8 Bank stabilization structures

This category includes photos for bank stabilization structures not captured in
previous photos (figures 5-21 through 5-24). Most bank stabilization structures will be

contained in the photos of the culvert inlet and outlet.

Figure 5-21: Riprap at Toe of Outlet Wingwall
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Figure 5-23: Gabion Wall
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Figure 5-24: Gabion Wall

5.4.9 Local erosion

Any erosion local to the culvert not already captured in previous photos should be
documented. Photos should be taken from an orientation which maximizes the photos

ability to convey the magnitude of the erosion (figures 5-25 & 5-26).
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Figure 5-26: Stream Bank Erosion
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5.4.10 Local failures

Any failures local to the culvert should be captured with close up photos. Even
those failures already captured in previous photos (figures 5-2 through 5-29). Take these

pictures from a vantage point which best captures the problem the photo is describing.

Figure 5-27: Culvert Separating from Headwall
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Figure 5-29: Stream Bank Erosion and Failure of a Culvert Headwall
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5.4.11 Other

Any other photos deemed pertinent to document conditions vital to the
performance of the mission of UDOT should be taken. This includes photos outside the
scope of fish passage. These can include, but are not limited to, large scale failures
occurring outside the general area of the culvert. These failures can include damaged
culverts, bridges, roads, signs, medians, guardrails, and any other UDOT managed

structure or equipment.

5.5 Culvert Data

The following illustration (figure 5-30) identifies some basic culvert orientation and

information key to understanding and implementing this assessment procedure.

Corrugations

In|et _
Cutlet Tailwater Cantral

1 A r\_v\

Inlet Irvert DOutlet Invert

4

Flowe

Figure 5-30: Basic Culvert Orientation

5.5.1 Physical data

e Length: Linear distance of culvert from inlet to outlet

e Span: For non-circular culverts this represents the horizontal widest distance of
either culvert opening

198



e Rise: For non-circular culverts rise represents the widest vertical distance of either
culvert opening

e Diameter: Span for circular culverts

e Scour Width: Widest stream width between outlet and tailwater control

e Scour Length: Distance from outlet invert to tailwater control

5.5.2 Corrugations

See figure 5-31.
e Corrugation Height: Depth taken between successive corrugation peaks

e Corrugation Width: Peak to peak distance between successive corrugation peaks

HEIGHT

|7 WIDTH

Figure 5-31: Corrugation Dimensions

5.5.3 Material

Culverts can be made out of several different types of materials, Steel and concrete
culverts make up the bulk of the material used. Occasionally, culverts can be made out of
other materials. Aluminum culverts can be identified by the lack of darker red/brown color

associated with steel corrosion around the water line and/or water surface. Plastic like
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materials used to construct culverts are either constructed of Polyvinyl chloride (PVC) or
High-density Polyethylene (HDPE); these can be smooth or corrugated barrels.

5.5.4 Shape

Culvert shapes included in the assessment procedure are contained in figure 5-32.

N AN

Horizontal Ellipse

Box Arch Box

Circular Pipe

[e—— Width —-|

Rise

i
&

\‘;

:

Arch

Pipe Arch

Figure 5-32: Culvert Shapes (Modified USFS 2006)
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5.5.5 Roughness

Barrel roughness is smooth such as in some plastic or concrete culverts, metal pipes

are usually corrugated. Corrugation orientation can be annular or spiral (figure 5-33).

Annular Spiral

Figure 5-33: Several Types of Corrugation Patterns (Modified USFS 2008)

Often large culverts are plated. Plated culverts are identified by the sectional
appearance of the culvert wall. These culverts are put together in pieces. Bolts can usually
be seen along vertical and/or horizontal lines within the culvert indicating the several

sections being bolted together (figure 5-34).
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Figure 5-34: Plated Culvert

Culverts can also be paved. This condition is observed when the culvert bottom is

lined with a concrete or asphalt type material.
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5.5.6 Inlet

Culvert inlet configuration and inlet edge conditions contained in the assessment are
illustrated in figures 5-35 & 5-36.

Beveled Edge with i -
Headwalls P I'DjECtI n_g

Grooved Pipe with
Headwalls

Square Edge with Grooved Pipe
Headwalls Projecting

Figure 5-35: Several Inlet Types and Edge Configurations (Modified FHWA 2007)
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Figure 5-36: Culvert Headwall, Wingwalls and Apron

5.5.7 Outlet

This section contains examples of possible culvert outlet orientations contained in
the field data sheet. A culvert outlet invert which is at stream grade (figure 5-37) may
possess a thin layer of substrate, typically no more than a few inches. The depth of the
substrate should be sufficient that you are able to easily brush aside the substrate to view

the bare culvert invert with your boot or wading staff.
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Figure 5-37: Probable Outlet Configurations at Stream Grade

A perched culvert possesses an outlet drop when the outlet invert elevation is
greater than the elevation of the streambed at the tailwater control. The extreme of this
condition can result in a free fall configuration where the flow “pours” out of the culvert
and into the pool below (figure 5-38). A mildly perched condition can also occur without
the pouring characteristic; this can look like normal flow exiting the culvert.
Additionally, riprap can be placed at the outlet to prevent widespread scouring at the

culvert outlet due to a perched condition (figures 5-39 & 5-40).
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Perched QOutlet

|

Figure 5-38: Free Fall into Pool or Perched Culvert

Figure 5-39: Cascade Over Riprap
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Figure 5-40: Free Fall Onto Riprap

An embedded culvert outlet indicates that the outlet invert is embedded below the
natural stream bed. This condition covers the outlet invert with a substantial amount of

stream substrate (figure 5-41).
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Figure 5-41: Embedded Culvert Outlet

5.6 Hydraulic Jump and Location

Hydraulic jJumps represent a reduction or dissipation of energy in flowing/moving
water. Jumps are normally located where faster moving water slows rapidly. Typically
these jumps look like whitewater or a large stream riffle. Several illustrations of

hydraulic jumps can be found in the figures 5-42 through 5-45.
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Figure 5-43: Hydraulic Jump Just Inside Culvert Inlet
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Figure 5-44: Hydraulic Jump Just Downstream of Outlet

Figure 5-45: Hydraulic Jump at End of Outlet Apron
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Hydraulic jumps may also coincide with slope breaks inside the culvert barrel.
Often the culvert is designed with a slope break to force a hydraulic jump to occur in the
culvert. This keeps the outlet velocities lower and reduces scouring at or near the culvert
outlet. If a hydraulic jump occurs within the culvert or near the inlet or outlet the

approximate location should be annotated in the sketch portion of the field data sheet.

The general location of the hydraulic jump should be annotated as, relative to inlet
(upper 3), relative to mid-culvert (middle 3), and relative to the outlet (lower 3). If
the jump occurs in the immediate vicinity of the inlet or outlet then the (inlet) or (outlet)
box should be selected. In the sketch you should describe the location and distance from
the inlet or outlet of the hydraulic jump. Exact measurements are not required.

5.7 Substrate Data

Data obtained for this section gives a general description of the substrate
conditions inside the culvert. Assessment conditions include:
e Absent: No substrate observed anywhere throughout culvert
e Continuous: Substrate is continuous throughout the culvert (inlet to outlet)
e Single Patch: A single individual mass of substrate is observed in culvert that
does not meet continuous criteria

e Patchy: More than one individual mass of substrate is observed in culvert

Examples of the single patch condition include:
e Substrate present at/near the inlet only
e Substrate present at/near the outlet only

e Anisolated mass of substrate anywhere inside the culvert
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Inlet:
Absent: No substrate present at inlet

Present: Substrate is present at inlet

Outlet:
Absent: No substrate present at outlet

Present: Substrate is present at outlet

Observed size:

Boulders: > 10 inches
Cobbles: 2.5 to 10 inches
Gravel: 0.08 to 2.5 inches
Sand: Grainy < 0.08 inches

Fines: Non-grainy < 0.08 inches

A =LONGEST AXIS (LENGTH)
B = INTERMEDIATE AXIS (WIDTH)
C = SHORTEST AXIS (THICKNESS)

Figure 5-46: Measurement of the Intermediate Axis of Larger Substrate (Harrelson 1994)
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Substrate size is obtained by taking several representative samples and measuring
them along the intermediate axis (figure 5-46). In the notes you should describe the
location of substrate and correlated sizes. Distances where substrate begins or ends
related to the inlet or outlet should also be included in the notes. Exact measurements are

not needed.

5.8 Longitudinal Survey

For technicians unfamiliar with longitudinal stream surveys, good sources of

information regarding this type of survey are contained in the following documents:

e Stream Channel Reference Sites: an Illustrated Guide to Field Technique,
(Harrelson 1994)
o Section5
o Section 8
e FishXing Tutorial, (USFS 2008)
0 http://www.fs.fed.us/pnw/pep/PEP_inventory.html?x=1

o Click On: “View the Presentation”

o From the Menu on the Left Select: “Overview of the Longitudinal Profile”

These resources contain information, methods and techniques for performing
longitudinal surveys in wadeable streams, as well as in depth information on basic stream
morphology.  Technicians with little or no stream surveying experience should

familiarize themselves with these documents.

A Dbrief explanation of stream morphology is presented here to understand several
of the stations defined in the longitudinal survey (figure 5-47 & 5-48). Riffles represent
shallow, fast, turbulent sections of stream channel. Pools represent the deepest slowest
portions of stream and are usually devoid of turbulent flow.
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Pool Control

Figure 5-47: Basic Riffle/Pool Stream Morphology

" POOL CONTROL

Figure 5-48: Pool Control
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Figure 5-49: Stationing for Longitudinal Profile Survey (Modified Clarkin et. alt. 2003)

Longitudinal survey (figure 5-49) data is essential to evaluating the culvert/stream
conditions for determining fish passage. The longitudinal survey is broken up into 10
common points. The points are categorized as P1, P2, and P3 etc. Special survey
categories include:

e BM: Benchmark

e TP: Turning point
e CC: Culvert ceiling
e SB: Stream bed

e RS: Road Surface
e S: Slope break

e A:Apron

Longitudinal survey points:

e P1: A pool control approximately 100 ft upstream of the culvert inlet

e P2: First upstream pool control from culvert inlet
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P3: Culvert inlet invert

o0 Possible P3 designations

P3-A: Apron edge at culvert inlet
P3-CC: Ceiling of culvert inlet
P3-SB: Stream bed elevation of culvert with embedded inlet
P3-BM: Benchmark taken at the middle of the culvert inlet invert
P3-S: Slope break between P3 and P5
e If more than 1 slope break exists use the following notation
0 P3-S1, P3-S2, etc.

P4a: Road surface at break in slope or road shoulder on upstream side of road

P4b: Road surface at break in slope or road shoulder on downstream side of road

P5: Culvert outlet invert

o0 Possible P5 designations

P5-A: Apron edge at culvert outlet
P5-CC: Ceiling of culvert outlet
P5-SB: Stream bed elevation of culvert with embedded outlet
P5-BM: Benchmark taken at the middle of the culvert outlet invert
P5-S: Slope break between P3 and P5
e If more than 1 slope break exists use the following notation
0 P5-S1, P5-S2, etc.

P6: The point is taken approximately 0.5 ft downstream of the culvert outlet.

When the culvert is perched this represents the point where smaller or juvenile

target species will attempt to enter the culvert by leaping.

P7: The point is taken a known distance downstream of the culvert outlet invert.

This distance is correlated to the leaping distance of adult or larger target species.

P8: The point is taken at the deepest point of the pool immediately below the

culvert outlet. When the culvert is perched this represents the point where adult

target species will attempt to enter the culvert by leaping; often P7 = P8.
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e P9: This is termed the tailwater control point. This is the point in the channel
immediately downstream of the culvert outlet which controls the backwatering or
the depth of flow in the culvert. Essentially this is the first pool control
downstream of the culvert outlet. This point is located at the lowest elevation of
the channel cross section at the tailwater control.

e P10: A pool control approximately 100 ft downstream of the culvert outlet.

e TP-RS: Usually a turning point on the road shoulder

5.8.1 Benchmark

A relative benchmark for the survey is assigned and recorded at the inlet or outlet
invert. The survey rod height is also recorded. Benchmarks are taken in the middle of
the inlet or outlet invert. When calculating relative elevations a good method is to assign

the benchmark a value of 100 feet.

5.8.2 Accuracy

Elevations should be recorded on the assessment field data sheet to at least a
hundredth of a foot. This reflects the accuracy with which the slope should be calculated
and reported later in the assessment. Fish passage criteria are very sensitive to culvert
slope so this measurement should be as precise and accurate as possible.

5.8.3 SetUp

Taking assessment photos prior should give you a good feel for the
channel/culvert orientation. Often if the channel and culvert line up accordingly you can
perform the whole survey from one location. When possible this location should be just
downstream of the tailwater control point or P9. This will allow you to get both the

longitudinal and cross section survey data without having to move your equipment.
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The survey can be initiated at any point in the stationing. Common turning points
are points P3, P4a, P4b and P5. These points represent places in the stationing which

lend themselves well to also being a turning point.

5.8.4 Embedded culverts

When the culvert is embedded to any degree that obtaining the elevation of either
the inlet invert or outlet invert is not feasible, you can determine the slope of the culvert
by determining the relative elevation of the inlet and outlet ceilings (P3-CC & P5-CC).
This is performed by turning the survey rod upside down, placing the foot of the survey
rod on the ceiling of the culvert and recording the elevation of inlet and outlet ceiling.

The difference of these two points will allow you to calculate the elevation
differential used to calculate the physical culvert slope. Only use this data to calculate
the culvert slope during the field calculations portion of the assessment, not to identify

the relative culvert ceiling elevation. Relative elevations of the culvert are not required.

Notate embedded inverts as 3P-SB or 5P-SB to describe the point elevation is
related to the streambed/substrate elevation and not the actual invert elevation. For
embedded conditions most often the inlet invert will not be embedded, but the outlet

invert will be.

5.9 Stream Slope Distances

Stream slope distances between survey points can be calculated by the survey
equipment or by hand and then recorded. If survey equipment is being used which will
not perform this calculation on site a 300 ft. fiberglass tape is used to determine the
horizontal distances between survey points. The rod holder should have a shoulder bag
with a 300 ft. tape and landscape flags. Each point in the survey should be marked on the
stream bank with a landscape flag. After the survey is performed the horizontal distance
between landscape flags is determined. Horizontal distances are taken as the actual

curved stream distance following the deepest sections of the stream (thalwag). Often
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larger rocks and survey stakes can be utilized to anchor the fiberglass tape to the thalwag

for determining these horizontal distances of the stream.

Horizontal distances which need calculating are those between points (P1 & P2),
(P2 & P3), (P3 & P5), and (P9 & P10). This means that at least four landscape flags may

be utilized in this portion of the survey.

5.10 Field Calculations

This section is to aid team members in making calculations associated with the
fish screen used for assigning the fish passage status of the culvert. Team members
should familiarize themselves with the equations and the calculators they will be making

them with to ensure reliable calculations/results in the field.

Slope in %:

P —P
~ Y %100 = Slope
dist,_,

(5-1)

x=y

where:

P, = Elevation of Upstream Point in Feet
P, = Elevation of Downstream Point in Feet

dist,_,, = Stream slope distance in feet between P, and P,
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Outlet Drop:

P, — P, = Outlet Drop

where:

P, = Elevation of Outlet Invert in Feet

P, = Elevation of Outlet/Tailwater Control in Feet

Residual Inlet Depth:

P, — P, = Residual Inlet Depth

where:

P, = Elevation of Outlet/Tailwater Control in Feet

P, = Elevation of Outlet Invert in Feet

Length/Slope Product:

CulvertLength( ft) x CulvertSlope(%) = Length Slope Product

where:

CulvertLength = Culvert Length in Feet

CulvertSlope = Culvert Slope in %
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Data evaluation:

e Negative slopes indicate an uphill slope between the two evaluated longitudinal
points

e Positive outlet drop values indicate that the culvert is perched

e Positive residual inlet depth values indicate that the culvert is completely
backwatered.

5.11 Fish Passage Status

The Fish Passage Assessment provides a procedural method for deriving a
culvert’s ability to provide upstream passage for fish. The assessment comprises
collecting data relative to the physical characteristics of the culvert itself, morphologic
responses of the stream channel, surrounding topography, and hydraulic characteristics of

both the culvert and stream channel.

These fish screens have been developed correlating observational data
(known/observed fish passage) with culvert and stream relationships/characteristics.
Screens have been developed along functional group specific lines to evaluate passage

correlations between the culvert/stream relationships and the targeted group of fish.

Culvert assessment data is evaluated with flow charts (fish screens) describing
certain culvert/stream conditions under which fish may or may not pass successfully
upstream. The fish passage status of the culvert is categorized by the fish screen for the
intended species.

There are three screens which provide fish passage data for four categories of fish:
e Adult Salmonids (Trout)

e YOY Salmonids (Trout)

e Cyprinidae (Mid-water Minnows)

e Benthic (Smaller bottom dwelling fishes)
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The fish screens classify culverts using the following color coded classifications:
e RED = Assumed failure to pass target specie and life stage
e GREY = Unknown passage of target specie and life stage

e GREEN = All target specie at target life stage are assumed to pass

GREY classifications require further analysis. Two types of further analysis are
possible:
e Intermediate Filter

e Specialized Filter
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Figure 5-50: UDOT Adult Salmonid Fish Screen (Modified Coffman 2005)

The original screens were developed through research performed by Joseph

Coffman of James Madison University (2005).
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Using the data obtained from the field calculations you can follow the flow chart
provided in each fish screen. Based on the flow chart check the appropriate status box of
GREEN, GREY or RED for the culvert you are assessing.

5.12 Further Analysis of GREY Status Culverts

The fish screen has two separate categories for GREY classified culverts;
intermediate filter and specialized filters. These categories represent the different

methods of further assessing GREY classified culverts.

5.12.1 Intermediate filter

The industry standard for further analyzing culverts classified as GREY occurs by
taking data from the culvert assessment form and populating a FishXing model
(Pronounced Fish-Crossing). FishXing is a free software application produced by the
USFS (USFS 2008) which models culvert hydraulics and selected fish swimming/leaping
ability. FishXing evaluates a fish’s ability to successfully circumvent the culvert
hydraulics through a range of input flows. If a fish’s modeled navigation does not
successfully pass through the culvert at the desired flows the culvert is then classified as a
barrier (RED). If the fish successfully traverses the culvert the culvert is then classified
as a non-barrier (GREEN). FishXing is free software available by downloaded at the
following web site:

e http://www.stream.fs.fed.us/fishxing/download.html

Additionally, mark and recapture or radio telemetry methods of observing fish

moving through culverts can be utilized to assess the fish passage status of the culvert.

5.12.2 Specialized filter

Fish baffles create rapidly varied flow conditions. The culvert assessment
procedure is designed to determine a passage status for culverts under steady flow
conditions. Any culvert setting representing rapidly varied flow conditions requires the
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use of a “specialized” filter. Data to perform an assessment under these specialized
conditions lies outside the scope of this assessment. Such specialized filters include fish
tracking methods (such as radio telemetry), hydraulic software capable of modeling
rapidly varied flow conditions, and observational/physical data (such as mark and

recapture).

For cases where culverts contain fish baffles a unique assessment should be
tailored made for the culvert site. A significant amount of additional data not found on
the current culvert assessment field data sheet may be required to correctly populate such
a model. Due to the increased amount and complexity of the data required it’s
recommended that a special assessment team perform an improvised assessment. UDOT
personnel familiar with fish passage design should create an original fish passage plan of
assessment based on the particular conditions at the culvert site. This assessment team
should include a member expert in fish passage hydraulics and the software being

utilized.

Additionally, mark and recapture or radio telemetry methods of observing fish

moving through culverts can be utilized to assess the fish passage status of the culvert.

5.13 Hydraulic Calibration

This section of the assessment is conducted when a culvert fish passage status of
GREY is determined by the appropriate fish screen for the appropriate specie of concern

AND fish baffles are not present in the culvert.

The presence of fish baffles produces an immediate fish passage status of grey
due to the complex hydraulics associated with such structures. Fish baffles introduce
rapidly varied flow in the culvert and additional specialized data outside the scope of this

assessment will be required to determine the final fish passage status of the culvert.
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The data contained in this section of the field data form can be utilized to calibrate

hydraulic models capable of modeling gradually varied flow. Data specific to this

procedure are utilized to populate models using the software FishXing. Data calculated

from the assessment useful in calibrating these hydraulic models are:

Manning’s n value for culvert
Manning’s n value for tailwater
General location of hydraulic jump
Water surface slope of culvert
Depth of water at inlet and outlet

Average velocities of inlet, mid-culvert and outlet

A Microsoft Excel file has been generated to provide engineers a calculation

space to facilitate these calculations. All of the data in the assessment is populated in this

file (Fish_passage_calibration.xlIs). This file also allows for electronic storage of the fish

passage assessment data.

5.13.1 Tailwater cross section survey

This survey must be taken relative to the benchmark used for the longitudinal

survey so the two survey’s elevations are connected. For technicians unfamiliar with

stream cross section surveys, good sources of information regarding this type of survey

are contained in the following documents:

Stream Channel Reference Sites: an Illustrated Guide to Field Technique,
(Harrelson 1994)

o Section5

o Section 6

FishXing Tutorial, (USFS 2008)

0 http://www.fs.fed.us/pnw/pep/PEP_inventory.html?x=1

o Click On: “View the Presentation”
o From the Menu on the Left Select: “Tailwater Cross Section”
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These resources contain information, methods and techniques for performing

stream cross section surveys as well as in depth information on basic stream morphology.

The online tutorial is extremely helpful as it specifically discusses the type of tailwater

control cross section survey utilized in this assessment. Technicians with little or no

experience in this type of surveying should familiarize themselves with both of these

documents.

TAILWATER CROSS SECTION STATIONING LOOKING UPSTREAM AT CULVERT QUTLET

FROM DOWNSTREAM OF LONGITUDINAL POINT 9 or (P9)
Left Terrace (LT)

CULVERT QUTLET

/ Right Terrace (RT)

l Left Slope Break (LSB)

l Left Bank (LB)

'y

Right Slope Break (RSB)

Right Bank (RB) l

Tailwater Control (TWC/P9)

A

Stream Thalwag

Figure 5-51: Stationing for Tailwater Cross Section Survey

Tailwater cross section survey data can be used for populating a hydraulic model

for assessing the fish passage status of culverts. The survey is broken up into 5 minimum

points. These points are categorized in figure 5-51. The minimum points in the survey

include:

LT: Left terrace

LB: Left bank

TWC/P9: Tailwater Control (From Longitudinal Survey Profile)
RB: Right bank

RT: Right Terrace
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Additional points may include:
e RSB: Right slope break
e LSB: Left slope break

e Additional stream bed points

This cross section survey is performed at the longitudinal survey point P9 or
tailwater control. The survey is taken perpendicular to the channel flow downstream of
the culvert outlet. The orientation of the survey relative to the culvert is facing upstream
toward the culvert outlet with the survey equipment below the tailwater control point or
P9. Stationing begins from zero at the left terrace and moves across the channel ending
at the right terrace. Cross section stations are recorded as the horizontal distance in feet
from the left bank.

If the streambed is highly channelized (very steep stream bank slopes) then points
RSB and LSB will be omitted. This is due to absence of any slope break between the

terrace and the stream bank.

Between the left (LB) and right banks (RB) survey points, additional points
should be taken at prominent/noticeable changes in the stream cross section elevation.
Typically no more than 4 or 5 points (other than the tailwater control point) need to be
surveyed between the points LB and RB. Often this cross section is relatively

rectangular.
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5.13.2 Calculating discharge

The material used to train technicians on the correct method of calculating stream
discharge in wadeable streams is contained in the following documents:
e Stream Channel Reference Sites: an Illustrated Guide to Field Technique,
(Harrelson 1994)
o Section 10
e USGS Tutorial (USGS 2008)
e  http://wwwrcamnl.wr.usgs.gov/sws/SWTraining/WRIR004036/Index.html

Together these documents outline several methods utilized with different
equipment for calculating discharge in wadeable streams.

The USDA document provides sufficient background, information and methods
for determining discharge using hand held meters of various types. The USGS resource
covers a wide array of discharge calculation techniques as well as quality control
methods for the equipment utilized in these techniques. The USGS web-site also
provides an online test of techniques and topics covered in the training, as well as a

certificate of completion upon successfully passing the end of training test.

It’s recommended that the technicians read and familiarize themselves with the
USDA document and then participate in the USGS online training, a successful
completion of the USGS test should indicate that technicians have sufficient training to

be able to calculate discharge in wadeable streams in the field.

Field data recorded on the assessment field data sheet is consistent with the
methods and data used for calculating discharge with hand-held current meters and digital
velocity meters presented in the USDA and USGS documents. These hand held methods

represent the standard for calculating discharge in wadeable streams.
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Stream cross section stationing used for calculating discharge are recorded as the
horizontal distance in feet from the left bank. Stationing begins on the left bank (looking

upstream) at O ft. and moves to the right bank.

5.14 Site Sketch

Refer the reference sketch in Appendix C for additional clarification. The site

sketch should include the following:

e North Arrow

e Direction of Stream Flow Arrow

e Culvert/Channel/Road Alignment

e Photo Locations

e Cross Section Location

e Baffle location

e Hydraulic Jump location

e Head/Wingwall/Apron Configuration

e Riprap location

e Slope Break location

e Substrate Location/Details

e Other Structures

5.14.1 Culvert/Channel/Road alignment

The sketch should include the general alignment of the stream channel and roads
or highways crossing it. This should include frontage roads, irrigation ditches and any
other type of crossing which intersects the stream channel at/near the culvert site. Label
crossings with an appropriate label. For roads and highways use the state identifier such
as “HWY 40” or “1-15".
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5.14.2 Photo locations

Photos are sketched by writing the photo number, and then drawing a circle

around the number at the location the photo was taken.

5.14.3 Baffles

Shade the area of the culvert containing baffles and identify the shaded area with
the label “Baffles”. The label should identify the location with an arrow. Often baffles
will only traverse a portion of the cross section of a culvert. Sometimes they span the

entire cross section of the culvert. Shade the appropriate amount of culvert as needed.

5.14.4 Head/Wingwall/Apron configuration

Sketch the general orientation and geometric shapes of these structures relative to
the culvert. Try to provide a realistic portrayal of the different shapes and orientations.

5.14.5 Riprap

Sketch riprap by drawing multiple triangles representing the many different single
elements of the riprap. Sketch these triangles in the general location they are found
relative to the culvert. Identify the riprap with the appropriate label “Riprap”. The label

should identify the location with an arrow.
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5.14.6 Locations

The following locations may be represented by marking the locations on the
sketch with a large “X” and identifying them with the appropriate label. The label should
identify the location with an arrow. Labels are as follows:

e Tailwater Control - “TWC”
e Hydraulic Jump - “Jump”
e Slope Break — “Break”

e Structures/Conditions — Use appropriate label describing additional structures and

conditions
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FISH PASSAGE ASSESSMENT FIELD DATA SHEET

Survevor Names: Field Date: [/ [
SITE

UDOT Region: Route #: Milepost #: Stream Name:

GPS: (Lat): (Long): Coordinate System: Units:

PHOTOS: Provide Photo #'s, Locations, and Shot Orientation in Sketch

[ (1) Embankment Locking Upstrezm [](2) Embankment Looking Downstrezm

[1(3) Looking at Outlet [ 1 (4) Intemnal Culvert Structures [ 1(3) Slope Break in Culvert [1(8) Looking at Inlst
(7 nstrezm Structures [ (9) Bank Stabilization Structurss (1 (9) Local Eresion [ (100 Local Failures
C1¢11) Other:

CULVERT DATA:

Physical: Length: (ft) Rise: (ft) Span: (ft) Dizmeter: (fi)
Scour width: (ft) Scour length: ()
Corrugation (height): () (width): (in.)

Material: [ ] Steel [] Aluminum [ Plastic [ ] Concretz [ Other:

Shape: [] Box [ Circular Pipe[] Pipe-zrch (Squash Pipe) [ Horizontal Ellipse [ Arch [ Arch Box
Roughness:[] Smooth (] Cormgated Annulzr[] Cormgated Spiral [ Plated [ Paved[] Baffles [ Slope Breaks
Inlet: [ Projected [ Mitered [ Headwall[ 1 Wingwall (10-30 Deg) ] Wingwall (30-70Deg)[] Apron [] Embedded
Inlet Edge Conditions: [ ] Grooved Edge[] Square Edge[ | Beveled Edge

Outlet: [ At stream grade[ ] Perched [ Cascade [ Riprap [ Freefall (] Embedded [ Apron

Hydraulic Jump: [ Absent [] Present

Hydraulic Jump Location: [] Inlet [ ] Outlet [ Upper 3301 Middle 3] Lower 3

SUBSTRATE DATA: Provide Substrate Characteristics and Geometry in Sketch

Condition: (] Absent [ Continuous [ Single Patch [ Patchy

Imlet: [] Absent [ Present Outlet:[] Absent[] Present

Obszerved Size: [1Boulders [1 Cobble[] Gravel [ Sznd [ Fines

Notes:

Figure A-1: Page 1 Fish Passage Assessment
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LONGITUDNAL SURVEY DATA

Benchmark: (] Tnlst Invert (] Outlet Invert Rod Height: (ft)

Station BS {+) HI F53{+) | Horizontsl Eleyf Notes Station Points
Pl
T
iz
Bib
5
B
=
i
2
P10
Additional Nomenclature
BM = Banchmark
TP = TuminzPaint
CC = Colvent Cailing

trezm Bad
STATIONIMNG

Culwiry Ikt oo [ 3]
Honzontal eap

:hd'l:'nlw.r:_- —

Cudwart Oetlatiiipron |2
Adull leap ditance

ol Boticm

duvenile lesp distanos 8}
= )

CC m Cutyert Coding ab Inksd (3] and Cutled (5)

First upstream R diinres for
poal costral e duriack (%) ardbyied Sgdce
2 a) B
. ¥ } X Tadugter Costrol (9]
— — .
—t.. 1
e S et Paa evired 1008
mﬁ%— et T ::If:?r.'u'r' e

PR e _. .
S AR

Longitudinal Profile Stations (Alodified USFS Photo Clarkin et. alt. 2003)

Stream Slope Distances

d(1),o, @ d(2),.,: () d(3),_,: GO (CIP ()

£ 9=10-

Figure A-2: Page 2 Fish Passage Assessment

237




FIELD CALCULATIONS

Cubvert Slopes: [rert Slope 3 5 (%) Ceiling Slope,,  —q,. ¢ ()
Inlet/Ouilet Depth/Drop: Fegidual Inlet Depthe (ft) Onitlet Drop: (1t
Culvert Length/Slope Product: Culvert Length (ft) 5 Cubeert Slope (34): (ft)

CULVERT FISH PASSAGE STATUS

|ADULT SALMONID STATUS: OORED JGREEN [ GREY

| YOY SALMONID STATUS: [IRED [JGREEN [l GREY

|C‘|’PRINIDAE STATUS: [IRED []GREEN [] GREY

| BENTHIC STATUS: [IRED [1GREEN [l GREY

HYDRAULIC CALIBRATION (oniy Peformfor Passage Status of GRE Y when Exffles sre HOT Prasant)

TAILWATER CROSS SECTION STATIONING LOOKING UPSTREAM AT CULVERT OUTLET

FROM DOWNSTREAM OF LONGITUDIMAL POINT 9 or (P9)
ol Teirace (LT)

CULVERT OUTLET
/ Right Tesraca (RT)
oft Slopa Braak S8
Leh Slopa Break (L58) Right Siopa Break (RSH) J

Tashwaber Control (TWICF)

Tallwater Cross Section Looking upstream to Point 9 Stationing is from Left bank to Right bank

Siafim | BS ()] HI | FS(+] Eleatam Hotes Statimn Poands

LT

LEE

LE

TWCPD

RE

EIE

ET

Figure A-3: Page 3 Fish Passage Assessment
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CULVERT CONVEYANCE CROSS SECTION AREA

INLET MIDPQINT OUTLET

. \ 3 a iy a My a (i
: b M b M b i)
e vl — 1 ¢ if) o M e i#)
b b
. T . T
— L«
& = Digtence from fop of cubver! fo waler sirface b = Distance from wialer surince (o substrabe
& w Digfantn from T of Subcehrate 10 Doltom of Subsad W C m D 1R bow disbancs Iro wealer SUrfacs 1o cubvert Botlors
Discharge
Station) Widdh Depil|] Axea | Revs| Secs| Vidoddy Idscharge Station | VWidd Depily Area Revs | Secs | Veloddy| Idscharge
| 6| @] | ] @) ) | T3 i) o ) i) Gh | & | i) | )

Notes:

Figure A-4: Page 4 Fish Passage Assessment
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SITE SKETCH:

Orientation

Figure A-5: Page 5 Fish Passage Assessment
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Appendix B FISH SCREENS
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| sTaRT |

|

Bafflez Prezent?

Culvert Badowatered (P9 = P3)
OF

Substrate 100% through Culvert?

l YE& l
Cutlet Drop = 2 ft

Culvert Slope (%) 2 7.0 %

Culvert Slope (%)< 7.0 %

¥
Culvert Slope (%) » Culvert Length (ft) < 49

¥

Culvert Slope (%) = Culvert Length (ft) 2 600

49 < Culvert Slope (%) » Culvert Length (ft) < 600

Figure B-1: Adult Salmonid Fish Screen (Modified Coffman 2005)
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| START |

|

ves | Baffles Prezent?

Culvert Backwatered (P9 > P3)
OF.
Substrate 1002 through Culwvert?

Outlet Drop >0 ft YES

Culvert Slope (%) = 3.3%

Culvert Slope (%6)<3.3%

¥
Culvert Slope (%) = Culvert Length (ft) < 16

h 4

Culvert Slope (%) » Culvert Length (ft) = 180

16 = Culvert Slope (*0) » Culvert Length (ft) < 160

Figure B-2: Benthic Fish Screen (Modified Coffman 2005)
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| START |

|

Bafflez Prezent?

Culvert Badowatered (P9 = F3)
YES OF.
Substrate 100% through Culvert?

Cwvprndae: Cutlet Drop =0 ft
OR ;

Juvenile Salmonids: Chatlet Drop =034 ft

Culvert Slope (%) 2 3.3 %

Culvert Slope (%) 3.5 %%

}

Culvert Slope (%0) » Culvert Length (ft) < 26

Culvert Slope (%4) » Culvert Length (ft) = 200 »

26 < Culvert Slope (%) » Culvert Length (ft) < 200

Figure B-3: Young of Year Salmonid and Cyprinidae Fish Screen (Modified Coffman 2005)
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Surveyor Nomes: -E:+;'I'E:i-'l B-éﬂ‘-f Evs y FJ.[;Jt"- i ‘5;.».,-1,.'_}'_!.1 Field Date: 25/ @1 OB
SITE

UDOT Region: (&1l Route#: L =15 Milepost #: U EAJ  Stream Name: Aavm's Creelk
GPS: (Latk_29 99965 (Long): f1[. 49 %94/ Coordinate System: WS Y Units: e nnq] Dﬁﬁf‘&fS

PHOTOS: Provide Photo #'s, Locations, and Shot Orientation in Sketch

ki {1} Embankmment Looking Upstream m{z‘.l Embiankment Looking Downstream

(& Looking at Outlet [K] (4} Internal Culvert Struetures [1(5) Slope Break in Culvert 818) Looking at Inlet

C147) Insteeam Structures [F8) Bank Stabilization Stractures T1(9) Local Erosion C1(10) Local Failures

OJ(11) Other:

CULVERT DATA:

Physical: Length: OO (f) Rise: _ (fi) Span: ___ (ft) Diameter: [F:5 (f})

Sour width: 24 (f) Scourlength: 450 ()

Corrugation (height)y: 2 (in) (widh): b (n)

Material: (¥ Steel (] Aluminum [ Plastic [ Concrete (] Other:

shape: [ Box [F Cireular Pipe [ Pipe-arch (Squash Pipe) [ Horizontal Ellipse (] Arch (] Arch Box

Roughness: [ Smoeth [ Corrupgated Annular (] Corrupated Spiral T Plated 0 Paved [ Baffles (1 Slope Breaks

Tabet: ] Projected (] Mitered D8 Headwall O] Wingwall (10-30 Deg) [ Wingwall (30-70 Deg) ] Apron (] Embedded

Inlet Edge Conditions: (] Grooved Edge (8 Square Edge [ Beveled Edpe

Ouitler: Hﬂ.l stream grade [ Perehed [ Cassade T Riprap [ Freefall [ Emhrﬂdcdm.-\.pmn

Hydraulic Jump: m Absent [ Present

Hydraulic Jump Location: [ Inlet [ Outlet T Upper 37 0 Middte 3™ O] Lower 3

SUBSTRATE DATA: Provide Subsirate Characteristics and Geometry in Sketch

Condition: [ Absent D{_’nmmum:swﬁingl: Patch [ Patchy

Inlet: (1 Absent (] Present  ©utlet: [ Absent [ Present

Observed Size: [ Boulders [] Cobble (X Gravel [ Sand [ Fines

Notes:  Ehavel E‘Fj s 2off inside tnled and ends Zof+ inside
oi-tled

Figure C-1: Fish Passage Assessment Example Page 1
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LONGITUDNAL SURVEY DATA

Benchmark: [ Inlet Invert (] Qutlet Invert Rod Height: (ft)
Station BS (+) HI FS(+) | Horizontal Elev Notes Station Points
P) 357 [REATE, Pl
Pr o183 reg.2  liol.y33 i
[&] 1, 3o 22. 4 [60 P3
Pia |19.784 [ Pda
PdL l14.966 boo 12462 P4
PS 3353 48,403 P5
Pl Ftrage A.of P6
Py 17,956 .00 ]
B8 FTiagl 49004 P8
P49 |-(,08¢ loe.¢ P9
Plo FZ.127 [BE. ¢ 44. 78] P10
Additional Nomenclature
BM = Benchmark
TP = Turning Point
CC = Culvert Ceiling
SB = Stream Bed
RS = Road Surface
S = Slope Break
A= Apron
STATIONING
Culvert Inlet/Apron (3} )
Horizontal leap
distance for
analysis species
Tailwater Control {S)
Pool control 100ft
downstresm = ———-

-—

Peol control 100Rt
upstresm

]

Culvert Outlet/fpron (£}

Juvenile lesp distance
(€

Adult leap distanos §
Pool bottom

/@)

CC = Culvert Celing at Inlet (3) and Outlet (5)

(10)

Figure 1. Longitudinal Profile Stations (Modified USFS Photo Clarkin et alt)

Horizontal Distances

d(1),o,: 1BF. 2t d(2),;: 3% (@) dB),u.: L OO () d(d),.,,: (88 Y )

Figure C-2: Fish Passage Assessment Example Page 2
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FIELD CALCULATIONS
Culvert Slopes: Invert Slope , . : © 2b ?‘[%) Ceiling Slope (%)

Inlet/Outlet Depth/Drop: Residual Inlet Depth: O« 'o?'j (ft) Outlet Drop: —2. 2% (f)

3Top=5Top §

Culvert Length/Slope Product: Culvert Length (ft) X Culvert Slope (%): [5 i . 1 (ft)

CULVERT FISH PASSAGE STATUS

| ADULT SALMONID STATUS: [JRED [JGREEN KIGREY

} JUVENILE SALMONID STATUS: [JRED [JGREEN X GREY

[ CYPRINIDAE STATUS: [JRED [JGREEN X GREY

| SMALL BENTHIC STATUS: [ORED [JGREEN [¥GREY

HYDRAULIC CALIBRATION (Oniy Perform for Passage Status of GREY when Baffles are NOT Present)

TAILWATER CROSS SECTION STATIONING LOOKING UPSTREAM AT CULVERT OQUTLET

FROM DOWNSTREAM OF LONGITUDINAL POINT 9 or (P9)
Left Terrace (LT)

CULVERT OUTLET

/ Right Terrace (RT)

Left Slope Break (LSB) Right Siope Break (RSB) l

l Left Bank (LB)

V

Right Bank (RB)

Rl s
S~

Stream Thalwag

Tailwater Control (TWC/P9)

Tailwater Cross Section Looking upstream to Point 9: Stationing is from Left bank to Right bank

Station| BS (+) | HI | FS(+)| Elevation Notes Station Points
0 lies LT LT

£ [olls Ls® LSB
lo |65 L3 LB

12 18.% Channel TWC/P9
[ il Channe) RB

(B 65 Llaaant | RSB
A0 |-1ogd 100-624| Tiwrjeq — See longihdnal Profile suvyey [RT
2 0.5 73 3 f

26 0.9 LSk

Yo (4. © 2T

3

Figure C-3: Fish Passage Assessment Example Page 3
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CULVERT CONVEYANCE CROSS SECTION AREA

INLET MIDPOINT OUTLET
! : aleSm !5 @ /55w
w2 @ e S m b2 ®
= e e 8 ® el ® < O @
b lh
cy
& = Distance from top of culvert to water surface b = Distance from water surface to substrate
¢ = Distance from top of substrate to bottom of culvert  When ¢ = 0 then b = distance from water surface to culvert bottom
Discharge
Station, Width| Depth| Area | Revs| Secs| Velocity] Discharge Station | Width Depth| Area Revs | Sees | Veloeity | Discharge
(0] () ()| ((r2) | &) | #| (fes) | (Ferds) (ft) (0 | (¢ | ({t"2) (3] (#) (t/s) (ft"3/s)
o) o o o) o o o (=) b, s | %l .9 23 [4Yo | 29 | Tyy
og| | leglog |5 Y0629 ©.15 e | e |1 |2 (40 [1NG | 2,50
(s | le.glo.g |20 (4o |1.12 | 9.9 g5 | | ke | Le 12 (Yo |08 [ 06D
7.9 { Lo | Lbe |22 |49 | 423 | (+23 19| | |log|0y | 5§ |40 029 | 0uG
%S| 1 |6t el (26 |90|43F | (.59
gl ) e [ ke (26|90 |pus| LYys
] 1 lva v 129 [0 | (3 | .ot
big | ) 1o |te |23 [90(6.29 | [:29
e ! Le |tL.e |25 [4© | (-4o [LYo
g | 1.3 | L3 |28 |Yo | I.sb | 203
910 1 (1.9 119 (24 [Yo |t.34 | L.5¢
5| ' kg (9 ]2 |Y4o 128 | 2.4Y4
e | | 114119121 |40 [14F | 2.23
1.6 | [(.9]149 |2 qyp|112 | 2,43
39 1| |0g]49 |e|qe |fy2 | 2.3
el 1 114 14,9 |2 |90 |teq | 2.2%3
Sal v ]eqgleg | 18ldqollior | 1,42
Notes: SHwama  weasS 2o £ aevess uwhere dn(al«nfje wes A<ken

AL fam.«e meder was (6L o Caleulade discharge

A4

Ve {QL.‘J\f esua fiou

S Peys™
R 248 ([ = 1+ 0. (7%
. P 1

[0

= 33.2 Y9

Figure C-4: Fish Passage Assessment Example Page 4
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SITE SKETCH:

i fm\J P

v
N e
s B

Orientation

Figure C-5: Fish Passage Assessment Example Page 5
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