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FISH PASSAGE BARRIER AND SURFACE WATER DIVERSION SCREENING
ASSESSMENT AND PRIORITIZATION MANUAL

CHAPTER 1

Revised 12/21/09

INTRODUCTION

This manual was originally written in 1998 to provide a standardized methodology for evaluating
fish passage at road crossings. The manual has since been expanded to include evaluation of
additional instream features, including dams, fishways, other human-made instream structures,
natural barriers, and surface water diversions. Revisionsto the prior version of this manual
(August 2000) are summarized in Table 1.1. A glossary of words, terms, and abbreviations used
in this manual can be found in Appendix A.

1.1 Purpose

This manual isintended to provide guidance for conducting fish passage and surface water
diversion inventories. Fish passage inventories lead to identification and assessment of instream
features and prioritization of fish passage barriers based on amount, quality, and species
utilization of habitat upstream of the barrier. Surface water diversion inventories alow for the
identification, assessment, and prioritization of unscreened or inadequately screened diversions
in need of correction.

1.2 Overview

This chapter introduces the general inventory concepts and discusses inventory planning. The
second chapter of the manual covers information needed to describe the location, fish use, and
ownership information for each site evaluated for fish passage and/or screening. Chapters 3-8
describe data collection and methods for eval uating different features encountered during the
inventory. Finally, chapters 9 and 10 cover habitat assessment methods and prioritization for
fish passage and screening projects, respectively.

The methods described herein have been widely used since the late 1990s by Washington
Department of Fish and Wildlife (WDFW), tribes, local governments, the Salmon Recovery
Funding Board (SRFB), regional fisheries enhancement groups, and others. WDFW provides
training on the protocols contained in this manual to groups conducting inventories.

WDFW maintains a database of data collected using the protocols described in this manual. The
WDFW Fish Passage and Diversion Screening Inventory (FPDSI) database functions as a central
repository for information resulting from inventories conducted throughout the state. This
information can be used to select and implement fish passage and screening projects vital to the
recovery of Washington’s salmonids.

Chapter 1: Introduction 1-1
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Table1.1 Summary of significant updates to the Fish Passage Barrier and Surface Water
Diversion Screening and Prioritization Manual

Location | Title Details of the update
Chapter 3 Road Crossing Structures — Added table for guidance in estimating the percent
Culverts passability for barrier culverts. Also includes photo
examples of different road crossings.

Chapter 3 Non-culvert Road Crossings New section.

Chapter 3 Level A flow chart Updated flow chart of the Level A culvert analysis.

Chapter 3 Photo Examples New figures, including photo examples of different road
crossing structures, and tide and flood gates.

Chapter 4 Dams Expanded discussion on dams, including feature description
and evaluating fish passage. Added data collection attributes
table. Included photo examples of different dam structures.

Chapter 5 Miscellaneous Obstructions New section on ‘Other’ human-made fish passage features
(that are not classified as culverts or dams). Includes photo
examples of miscellaneous obstructions.

Chapter 6 Natural Barriers New section.

Chapter 7 Fishways Added section on evaluating fishways associated with
culverts, dams, and other features. Included data collection
attributes table.

Chapter 7 Photo Examples of Fishways New figure.

Chapter 8 Surface Water Diversion/Screen Updated text, figures, and data collection table. Includes

Evaluation photo examples of common screens.

Chapter 9 Habitat Assessment Eliminated the Expanded Threshold Determination (ETD)
option for estimating habitat gain. This method had avery
low confidence level due to severa factors. A map-based
assessment does not identify additional upstream and
downstream human-made barriers, or natural barriers that
may prematurely end a habitat survey. The actual length of
fish bearing watersis difficult to accurately assess using the
map-based method, leading to the possibility of
overestimation or underestimation of actual habitat.

Chapter 9 Physical Habitat Survey Discontinued using the term Ordinary High Water (OHW).
Now using the term Scour Line Width (SLW), referring to
one of the channel width measurements taken for making
fish passage and habitat assessments. Refer to Glossary in
Appendix A for definitions of terms.

Appendix A | Glossary of Terms New.

Appendix B | Recommended Equipment List New.

Appendix D | Measuring Channel Width Added.

(Appendix ‘H’ from the Design of

Road Culverts for Fish Passage)
Appendix E | Basic Culvert Surveying New.

Techniques

Chapter 1: Introduction
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Fish Passage Features

The manual sections pertaining to fish passage barriers provide guidance about how to identify,
assess, and prioritize human-made instream features that preclude or impede upstream passage to
fish. For the purpose of this manual, fish passage features fall under one of the following
categories: road crossing structures, dams, and other miscellaneous obstructions. Natural
barriers may also be assessed for fish passage, however they are not prioritized for correction.

Fishways may be attached to road crossings, dams, natural barriers, and other featuresto
facilitate fish passage at barriers. If the barrier feature has a fishway associated with it, both the
primary feature and the fishway are evaluated together when determining fish passage.

Fish passage assessments are only conducted on streams with known or potential fish use. For
each feature encountered a unique site identification number (Site ID) is assigned and basic site
information is collected (Chapter 2). Detailed physical measurements of the feature and stream
are taken to allow for barrier analysis; thisis covered in subsequent chapters depending on the
type of feature encountered. An overview of the barrier assessment process, using a culvert as an
example, isshown in Figure 1.1.

Percent passability is estimated for al fish passage features, and uses a combination of
professional judgment and species ability to negotiate water surface drop, velocity, and depth. A
feature may be evaluated as atotal barrier (0% passable), a partia barrier (33% passable; some
passage), a less severe partial barrier (67% passable), or anon-barrier (100% passable; passable
during all times when flow is present, up to the high fish passage flow). The guidance provided
in subsequent chaptersis based upon the abilities of a 15.24 centimeter (6 inch) trout, so it
should not be construed as an absolute value for all salmonid species and life stages. The
percent passability estimates are intended to represent general categories of passability, not
actual estimates of the number of fish that may pass. The percent passability is one factor used
for prioritizing barrier correction.

If the feature is a barrier and prioritization is an objective of the inventory, it will be necessary to
assess the potential habitat gain that would be realized if the barrier is corrected. Once the
potential habitat gain has been quantified, then it is possible to prioritize the project using the
Priority Index (Pl) model. The Priority Index (Pl) takes into account the severity of the barrier
(percent passahility), the habitat gain, the species mobility (anadromous vs. resident), the stock
status (based upon the most current SaSl updates), and the projected cost of the project. The Pl
isavaluable tool to be used with other relevant factors to select projects for correction, such as
Endangered Species Act (ESA) status, community support for the project, additional human-
made features located downstream or upstream that also require repair, other restoration efforts
conducted in the watershed, etc.
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Culvert Encountered

b

Fish Passage Barrier Assessment Overview for a Culvert

Record the Location Information
(Site Identification Form, Appendix C)

A

Complete Level ‘A’ Data Collection
Form (Appendix C) and conduct Level
‘A’ Barrier Assessment

—» Not a Barrier

Barrier l
Barrier Status Unknown

y

Complete Level ‘B’ Data Collection
Form (Appendix C) and conduct
Level ‘B’ Barrier Assessment

L, Mot a Barrier
or Unknown

I

Barrier

!

‘ Conduct Habitat Assessment

h 4

Prioritize the Barrier
> .
for Correction

Figure 1.1 Overview of the barrier assessment protocol for a culvert feature.

Chapter 1: Introduction

Fish Passage Barrier and Surface Water Diversion Screening and Prioritization Manual

1-4




Surface Water Diversions

The manual section pertaining to surface water diversionsis intended to provide guidance on
procedures for identifying, describing, and prioritizing gravity and pump surface water
diversions. Surface water diversions should be screened to exclude al life stages of salmonidsin
order to provide protection from mortality, injury, and migratory delay.

Figure 1.2 gives an overview of the entire water diversion/screening assessment process from
locating the diversion through prioritizing the diversion for correction. Once the location of the
point-of-diversion (POD) has been identified and given a unique site identification number (Site
ID), GPS coordinates are taken for the site and detailed physical measurements are taken to
describe the site and allow for the assessment of fish protection.

The Screening Priority Index (SPI) is used to prioritize the correction of unscreened and/or
inadequately screened diversions. The SPI takes into account the size of the diversion (amount
of water diverted), the probability of an individual of a given species encountering the screen,
and additional modifiersfor: 1) species mobility (anadromous vs. resident), 2) stock status, and
3) estimated screening cost.
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Water Diversion/Screening
Assessment Overview

Locate the
Surface Water
Point of
Diversion

Y

Record the
Location
Information

¥

Determine
Species Presence
and Life History
Timing

Y
Conduct Diversion
Assessment (Determine
Design Flow or Surrogate
Variable)

Y
Prioritize the Diversion
for Correction
(Generate the SPI)

Figure 1.2. Overview of the water diversion/screening assessment protocol

Chapter 1: Introduction 1-6
Fish Passage Barrier and Surface Water Diversion Screening and Prioritization Manual



1.3 Planning Fish Passage and Surface Water Diversion Inventories
Well-planned inventories are the foundation of systematic fish passage correction and screening
programs. Completing a comprehensive fish passage and diversion screening inventory and

reporting priorities are crucial stepsin developing salmonid recovery projects.

Develop Scope and Goals for the Project
The goals of the project should be clearly identified in the scope of work. Isthe goa simply to
inventory all culverts or unscreened surface water diversions within agiven jurisdiction, or to

identify all fish passage and diversion features within a watershed?

Detailed objectives should be developed supporting the goals of the project. For example, during
a comprehensive inventory, al human-made fish passage barriers and surface water diversions
are assessed and prioritized for correction within the watershed. Thiswould include both
anadromous and resident fish bearing water.

Table 1.2 gives a comparison of different inventory efforts, followed by examples of different

inventory efforts highlighting the advantages and disadvantages of each effort. WDFW

recommends conducting inventories at the most comprehensive level possible to avoid having
data gaps which will need to befilled in later. However, it isrecognized that the scope of the
inventory can be limited due to numerous factors, such as funding constraints or jurisdiction.

Table 1.2. Comparison of different inventory efforts.

Inventory &
Prioritization

Inventory Effort* Scope of Diversions | Culverts All Fish Natural Project
Work Inventoried | Inventoried | Passage Barriers | Prioritization
Features Identified
Inventoried
Surface Water Ownership- J
Diversion Inventory | based
Culvert Inventory Road-based
and/or N
jurisdictional/
ownership
Culvert Inventory Road-based
with Habitat and/or N xknf xknf N
Assessment & jurisdictional/
Prioritization ownership
Comprehensive Fish | Watershed-
Passage & Surface based
Water Diversion \ \ \/ \ \

*nventory may be conducted in watersheds with anadromous access only, or for all species.
** Only on streams where ajurisdictional barrier was found and a habitat assessment was

conducted.
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Road-based Culvert I nventory — Ownership-based or Jurisdictional
Advantages of aroad-based culvert inventory include:
e Easy access by vehicle
e Can assessall accessible road crossings for a particular jurisdiction or landowner
Quicker than conducting an inventory by foot
L ess costly than conducting a comprehensive inventory

Disadvantages of aroad-based culvert inventory include:
e Missed crossings at abandoned roads not accessible by vehicle
No other instream features (human-made and natural) are assessed
Barriers located downstream and upstream of the jurisdictional culverts are not identified
No habitat assessment
Cannot prioritize barriers for correction using the Priority Index (PI) model

In 1998, aroad-based culvert inventory was conducted in Grays Harbor County. Figure 1.3
illustrates an example of the road-based inventory, where only county-owned culverts were
inventoried. The green dots represent passable or non-fish bearing culverts; the red dots are
barriers. While the county-owned culverts were inventoried, there is no information about any
barriers downstream or upstream of the Grays Harbor County-owned barriers.

In 2003, another road-based culvert inventory was conducted in Grays Harbor County, including
multiple road ownerships. The yellow dotsin Figure 1.4 represent the additional culvert
crossings located during the 2003 inventory, while the red and green dots represent the 1998
jurisdictional inventory. Although additional road crossings were evaluated in 2003, habitat
assessment was not done and streams were not walked, so there is no information about any
additional instream features that are not culverts accessible by road.
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1838 Culvert Inventory (Jurisdictional)
BARRIE R

Figure 1.3. Road-based culvert inventory of Grays Harbor County-owned barriers, without
habitat assessment.

1898 Culvert Inventory {Jurisdictions )
BARRIER

© 2003 Cuhert Inventory (All Road Ownerships) [N
— Road
— Trail
- Rallrosd
—-- PR Grade
—= FerryXing
Unspecified
—— Wistercourse X \ -~

Figure 1.4. Updated road-based culvert inventory in Grays Harbor County, without habitat
assessment.
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Road-based Culvert I nventory with Habitat Assessment at Barriers
Culvert Inventory with Habitat Assessment & Prioritization

e Advantages
Easy access
Can assess al accessible road crossings for a particular jurisdiction or landowner
Quicker than conducting an inventory by foot
Can identify additional features downstream and upstream of the culvert barrier
being prioritized
e Disadvantages
0 Missed crossings at abandoned roads not accessible by vehicle
0 No other instream features (human-made and natural) are assessed
0 Barrierslocated downstream and upstream of the passable culverts are not
identified

(0]
(0]
(0]
(0]

The Jefferson County inventory included habitat assessment, which identified additional fish
passage barriers, but there are still gapsin the data. Whereas additional barriers were identified
upstream and downstream of Jefferson County-owned barriers, features located upstream and
downstream of passable Jefferson County culverts and bridges were not identified (Figure 1.5).
Someone will need to go back and compl ete this work.

Culvert Inventory (Jurisdictional)
BARRIER

& e

& e

{} Additional Features Inventried during Habitat Assessment
—— Road

Figure 1.5. Road-based, jurisdictional culvert inventory with fish habitat assessment.
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Surface Water Diversion | nventory — Ownership-based or Jurisdictional

e Advantages
o ldentify unscreened or inadequately screened surface water diversions at known
locations

0 Quicker than conducting an inventory by foot
0 Lesscostly than conducting a comprehensive inventory
e Disadvantages
0 Does not document unknown diversions or other instream features

Figure 1.6 shows an example of a state-ownership surface water diversion inventory conducted
without evaluating any fish passage or instream features. The yellow dots represent the surface
water diversionsinventoried. Asyou can see from the map, there are numerous road crossings
and no information about other features in the watershed.

Comprehensive, Water shed-based Fish Passage and Surface Water Diversion | nventory

A watershed-based fish passage inventory was conducted on Beaver Creek, atributary to the
Methow River (Figure 1.7). All fish bearing streams within the Beaver Creek watershed, 58
miles including the mainstem and tributaries, were walked across private, county, state, and
federal ownerships. While al fish bearing water was being walked, habitat data was collected in
order to prioritize the fish passage barriers for correction.

One hundred sixty eight features were identified during the watershed-based inventory including:
e 84 culverts,; 53 of which were barrier culverts,
e 44 dams, of which 23 were fish passage barriers, and
e 40 surface water diversions including
0 14 pump diversions (3 associated with dam features); none were adequately
screened to protect fish,
0 26 gravity diversions (18 associated with dams), of which one was adequately
screened.

The Beaver Creek inventory took 3 months to complete, and was completed by avery
industrious work crew. WDFW recommends conducting watershed-based inventories to identify
all fish passage and screening features within awatershed. Thistype of inventory won't require
anyone going back to fill in data gaps, since all fish bearing water iswalked. While theinitial
time investment is great, this type of inventory is amore efficient use of time and resourcesin
the long run and supports awell reasoned salmonid recovery strategy.
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Figure 1.6. Surface water diversion inventory on state-owned lands, without fish passage
inventory.
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Figure 1.7. Watershed-based fish passage and surface water diversion inventory with habitat
assessment.
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I nventory Scope

When determining the geographical scope of your inventory, be sure to consider your goals,
priorities, budget, staffing, and other factors. For example, you may want to walk all stream
habitat within a particular ownership or watershed. Whatever you determine as the scope of your
inventory, remember that all fish bearing water should be walked in order to ensure that all fish
passage and surface water diversion features are encountered.

If your goal isto conduct athorough inventory of all instream features within a watershed, then
be sure to request enough funds to do the work, or scale back your goal accordingly. Remember,
inventories can be funded and completed over multiple years.

Since all fish bearing water will be walked during a comprehensive inventory, as a part of the
planning effort you could estimate the number of stream kilometers that may be walked by
measuring stream distances off amap. The Department of Natural Resources (DNR) Water
Typing Project is agood source for identifying fish bearing streams. View the water typing in
your area of interest on the Forest Practices Application and Review System (FPARS) Mapping
Website:

http://www.dnr.wa.gov/BusinessPermits/Topi cs/ForestPracti cesA pplications/Pages/fp_watertypi
ng.aspx). Keep in mind that there are numerous unmapped drainages statewide, so the stream
distances may be greater.

WDFW crews inventory an average of 1.6 lineal stream kilometers per day. The distance
traveled can be more or less, depending on terrain, access, vegetation density, number of
instream features to inventory, and other factors. It generally takes 45 minutes to inventory each
feature. Travel timeto and from streams should also be considered. A similar exercise can be
used for planning road-based inventories in estimating the amount of time it will take to travel
roads, along with estimating the number of road crossings that may be encountered.

Existing Data

Prior to conducting an inventory, contact WDFW to obtain existing data. Thiswill speed up data
collection, since field crews may only need to verify and update information for previously
inventoried features or stream surveys.

Equipment

When devel oping your inventory project budget and scope of work, consider the required and
recommended equipment items listed in Appendix B. WDFW field crews regularly use this
equi pment when conducting inventories and can offer additional advice on selecting field gear.

Obtaining Landowner Permission

Landowner permission needs to be secured to conduct a complete inventory of the watershed.
Respect private property. Prior to conducting fieldwork, always seek landowner permission to
enter private property. County tax records and parcel maps may be reviewed to identify land
ownership for the purpose of securing access. Document stream reaches where landowner
permission is denied, asit’simportant to report which areas of the watershed have not been
inventoried.
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Estimating the Potential Habitat Gain

If aprioritized list of barriersis an objective of the inventory, then it will be necessary to
quantify the potential habitat gain that would be realized if the barrier were corrected.

Two methodol ogies to determine the estimated habitat gain are discussed: afull physical survey
and areduced sample physical survey (Chapter 9). Both require walking the stream until a
natural barrier is reached or the stream becomes non-fish bearing. The full physical survey
reguires more extensive sampling than the reduced sampling physical survey. When planning
your inventory, expect to cover about 1.6 stream kilometers per day for afull physical survey
and slightly more for areduced sampling physical survey.

Additionally, when conducting a road-based inventory, athreshold determination (TD) may be
conducted to verify a significant reach of habitat, or at least 200 meters of useable fish habitat,
downstream and upstream of a barrier feature. While thiswon’t allow you to estimate potential
habitat gain beyond the 200 meters, it will give you a general idea of the habitat in the vicinity of
the feature and allow you to identify additional features within 200 meters downstream and
upstream which could affect barrier correction.

Training

Formal training on conducting fish passage and surface water diversion inventoriesis provided
by WDFW. The three-day training follows methods outlined in this manual and combines
formal classroom lecture with in-the-field experience. A hard copy of the manual is distributed
to each training participant. A CD containing a distribution copy of the FPDS| database, field
forms (Appendix C), spreadsheets used for habitat calculations, and the Level B analysis
spreadsheet will be provided to each participating inventory group. Contact the WDFW Habitat
Program at (360) 902-2534, or TAPPS@dfw.wa.gov, to arrange for training or for technical
assistance.

Coordination

Fish passage and screening inventories fill important data gapsin Limiting Factors Analysis
(LFA), Lead Entity (LE) strategies, and species recovery plans. It isimportant to have the
inventory project manager provide the inventory datato WDFW for incorporation into the fish
passage and screening database where it will be available to a variety of entitiesinterested in
salmonid recovery.

Updating an Inventory

Inventory groups should consider how the inventory would be updated and used in the future. In
general, due to the dynamic nature of the stream environment, inventories have alimited life
expectancy. These inventory projects should be updated periodically as barriers are corrected,
new culverts are installed, and culverts previously assessed as passable become barriers.

Since WDFW maintains a statewide, fish passage and screening inventory database, they should
be contacted whenever fish passage barriers are corrected and diversions are adequately
screened.
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FISH PASSAGE BARRIER AND SURFACE WATER DIVERSION SCREENING
ASSESSMENT AND PRIORITIZATION MANUAL

CHAPTER 2

Revised 12/21/09

SITE INFORMATION

Whenever ahuman-made instream feature or natural barrier is encountered, basic information
will be collected to describe the site where the feature is located. Site information describes the
location, ownership, fish utilization or potential fish utilization, and feature type.

2.1 Location, Fish Use and Other Basic Site I nformation
There are three main aspects to collecting the site information:

e Determine potential fish use for the site.

e Complete the Site Description Form found in Appendix C.

e Photograph the site.

Determining Fish Use

It may be difficult to determine fish use at a site based upon the direct observation of salmonids.
Due to poor visibility, low escapement levels, the existence of human-made barriers, or other
factors, you may not observe fish during your field visit. There are a number of methods to
determine if a site has the potential to provide fish habitat. Satisfaction of one or more of the
following criteria qualifies awater body as fish bearing or potential fish habitat. Make every
effort to determine fish use potential whilein thefield. If you are unsure about the fish bearing
status, carefully evaluate the physical criteria before placing the stream into the “unknown”
potential fish habitat category.

Fish Use Criteria

e \Watercourses having average scour line widths (SLW) in excess of 0.6 meters (2 feet) in
Western Washington and 0.9 meters (3 feet) in Eastern Washington, provided the stream
gradient isless than 20 percent. Figure 3.3 in Chapter 3 shows where different channel
measurements are taken for atypical stream channel. Take several stream width
measurements within the vicinity to get a good average.

e Streamsidentified as fish habitat by the Department of Natural Resources (DNR) Water
Typing Project. View the water typing in your area of interest on the Forest Practices
Application and Review System (FPARS) Mapping Website:
http://www.dnr.wa.gov/Busi nessPermits/Topi cs/ForestPracti cesA pplications/Pages/fp w
atertyping.aspx). The Forest Practices Rule (WAC 222-16-031) is used to define water
types. Since water typing updates are continually accepted by DNR, consult more than
one source when verifying fish use using FPARS.

e Watercourses with documented salmonid use determined by visual observation,
electrofishing, or verification by local biologists.

e \Watercourses listed as fish bearing in SalmonScape
(http://wdfw.wa.gov/mapping/salmonscape/).
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e Water coursesidentified in WDFW’ s Priority Habitat and Species (PHS) database (2008)

Additional Tipsfor Determining Fish Use

Seasonally dry streams (ephemeral or intermittent) can provide fish habitat during periods of
flow. When evaluating dry stream channels, consider the physical characteristics of the channel
and proximity to known fish-bearing water. Also, consider the timing of fish presence for
speciesin the areathat may enter the habitat when flow is present. For example, chum salmon
often use streams that may only flow for afew months out of the year; they will spawn in the
channel during the fall when flow is present and fry will outmigrate in the spring immediately
after emergence. In another example, off-channel rearing habitat and floodplain habitat may be
used by juvenile salmonids during winter months, even though the channel is dry during the
summer.

Data Collection

Upon encountering a new feature on fish bearing or potentially fish bearing waters, complete the
Site Description Form found in Appendix C. Explanations of the data fields found on the form
are summarized in Table 2.1. Try to enter as much information as possible while in the field. It
is best to obtain latitude and longitude while in the field using a GPS unit to avoid confusion
about the feature location. Some information may be obtained back in the office, such as stream
name, WRIA number, species utilization, and ownership information.

Location

The latitude and longitude of the feature site must be identified in decimal degrees and based
upon the World Geodetic Survey 1984 datum (WGS84). It is preferred that this be obtained
using a differentially correctable GPS unit. If the latitude and longitude are recorded in a
different format, then the coordinates must be converted to the WGS84 datum.

Photographing the Site

Photographs provide information about the site and feature that supplement the field data.
Photograph the general setting, an overview of the area showing the feature from a distance,
close-up shots of the feature, habitat in the vicinity, fish or wildlife present, etc. You may have a
person or an object placed in the background for scale. With adigital camera, you can take
several photographs and easily discard any images you don’t want later.

Non-Fish Bearing Crossings

If aroad-based inventory is being conducted rather than a watershed-based inventory, then you
may encounter road crossings at non-fish bearing watercourses. In this case, upon encountering
aculvert crossing at a natural drainage, regardless of fish use, complete the Site Description
Form (Appendix C). If the site is non-fish bearing, then also complete the associated feature
form, but do not evaluate for fish passage or screening.
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Table 2.1. Data collection attributes for the Site Description Form (Appendix C). Predefined
field values are indicated in bold text.

Form Field Name

Description

SitelD

Unique identifier for each feature; used to associate feature field forms with the
siteinformation. Required Format: XXXYYYY, where XXX = three digit
inventory code assigned by WDFW, YYYY = feature number, assigned
sequentially, starting with 0000 (e.g., 1110000, 1110001, etc.).

Latitude

Northerly geographic position of feature in decimal degrees (WGS84) using 9
decimal places. Latitude should be expressed as a positive number without the
sign (e.g., 48.873459247). Do not include N.

Longitude

Westerly geographic position of feature in decimal degrees (WGS84) using 9
decimal places. Longitude should be expressed as a negative number
(eg., -122.098217359). Do not include W.

Road Name

Name of road, includes WSDOT Highway numbers.

Highway Mile Post

Highway milepost (to 0.01 mile) where feature is located.

Location

Location of feature relative to landmarks or driving directions.

Stream Name

Name of the stream where the feature islocated. |If the stream is unnamed,
enter unnamed.

Tributary To

Name of the water body to which stream (above) is connected. 1f unnamed,
enter unnamed. May include WRIA & stream number (e.g., unnamed
04.0373).

WRIA

Water Resource Inventory Area number for stream (above), 8-character
maximum consisting of 6 digits, 1 decimal point, and 1 upper case letter (e.g.,
00.0000A), where applicable. Thefirst two digits are the WRIA number (1-
62), the remaining 4 digits and alpha character are the stream number. If the
stream has no number enter at least the WRIA number. Do not use X’sas
place holders.

River Mile

Distance from mouth of stream to the feature location. Reported in milesto the
nearest 0.01.

Potential Fish Habitat

Indicator of potentia fish habitat or known fish use in stream where feature is
located. Determineslevel of feature evaluation. Valuesare Yes, No, or
Unknown.

Habitat Potential Criteria

Basis for potentia fish habitat determination: M apped indicates that stream is
mapped as fish-bearing (e.g., Limiting Factors Analysis maps, SalmonScape,
typed as fish bearing on DNR water type maps, etc.), Physical meansthe
stream meets the minimum physical dimensions specified in the Forest
Practices Regulations, Biological means fish have been directly observed, and
Other means criteria other than those listed were used (explain in comments).
A “Yes’ determination may be based on mapped, physical, biological, or other
criteria. If unknown leave blank.

Species Potential

Salmon and trout species known or assumed to be present or historically
present. Speciesinclude: Chinook , Chum, Sockeye/K okanee, Coho, Pink,
Steelhead, Resident Cutthroat/Rainbow Trout, Searun Cutthroat, Bull/Dolly
Varden Trout.
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Table 2.1. (continued). Data collection attributes for the Site Description Form (Appendix C).

Form Field Name Description

Associated Features Type of feature being assessed. Choices are: Culvert, Non-Culvert Crossing,
Dam, Other, Natural Barrier, Fishway, and Surface Water Diversion.

Owner Type General category of ownership. Valuesare Private, State, Federal, Tribal,
County, City, Unknown.

Owner Name Name of landowner, if privately-owned; last name, first name. Or, name of
corporate or governmental owner. Leave blank if unknown.

Address Street address of feature owner.

Secondary Address Mailing or secondary address of feature owner if different from street address.

City Name of city.

State Two character abbreviation for state (e.g., WA).

Zip Standard Zip code or zip+4.

Phone Include area code in phone number. Format (123) 456-7890.

Contact Name of contact if different from owner.

Contact Phone Phone number for contact if different from owner.

Comments Concise comments pertinent to the site.
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ROAD CROSSING STRUCTURES

This manual chapter addresses inventory and evaluation of road crossing structures, including
culverts and non-culvert structures. For the purpose of this manual, non-culvert structures
include bridges, fords, abandoned crossings, washed-out culverts, and fill or puncheon culverts.

This chapter primarily focuses on culverts, since they are the predominate structure on the
landscape. However, common concepts applied to all road crossings include feature description
(shape, height, width, length, material constructed of), fish passage criteria (velocity, depth, and
water surface drop), and whether or not there is a fishway associated with the feature.

Some road crossings encountered may not be on fish bearing streams, particularly if a road-based
inventory (see Chapter 1) is being conducted. In the case of road-based inventories, it is
important to document all crossingsin all natural (and/or modified) drainages, regardless of fish
use, to be sure that no crossings were missed during the inventory. Also, since streams are not
walked during a road-based inventory, it may be difficult to determine fish use during the site
visit.

Contact the WDFW Habitat Program at (360) 902-2534, or TAPPS@dfw.wa.gov, to arrange for
training or for technical assistance with evaluating road crossing structures.

3.1 Culverts— Data Collection
Conduct the following for each road culvert crossing encountered:
e Complete the Site Description Form found in Appendix C (see Chapter 2).
e Photograph the feature and the general setting.
e Record descriptive information and core physical measurements using the appropriate
field forms found in Appendix C:
0 Culvert Level A Form for aculvert (data attributes explained in Table 3.1)
0 Culvert Level B Form, if necessary (data attributes explained in Table 3.2)
0 Associated Fishway Form, if fishway is present (Chapter 7)
e Proceed to Culvert Barrier Analysis.
e |If culvert isafish passage barrier and prioritization for barrier correction is desired, then
conduct habitat assessment (Chapter 9)

Safety Considerations

Due to safety considerations, do not enter the culvert to collect thisinformation. When
measuring the water depth inside the culvert, stand at the downstream end of the culvert and
measur e the depth an arms length inside of the culvert. Always use extreme caution when
working in and around the stream due to the instability of stream banks and the slippery nature
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of the streambed. Safety considerations always override the data collection protocol outlined in
thismanual. It isrecommended that eye protection be worn by field personnel due to the risk of
eye injury from streamside vegetation.

Multiple Culverts

When multiple culverts are encountered at a single site, complete one site form (Chapter 2) and
complete culvert forms (Tables 3.1 and 3.2) for each non-overflow culvert, using the culvert
number to distinguish between culverts. If the culverts are set at approximately the same
elevation (non-overflow pipe) then add their widths together to cal culate the culvert span to
channel width ratio. If one or more culverts are set significantly higher* than the other culvert(s),
then only use the lower culvert(s) in the barrier assessment. The higher elevation culvert is
considered an overflow culvert and should only be noted in the comments (see exampl es of
overflow culvertsin Figure 3.1). The overflow culverts generally contain flow only during high
flow periods.

Figure 3.1. Examples of overflow culverts.

Physical Measurements

Figure 3.2 shows examples of different culvert descriptors and physical measurements. The
information in Table 3.1 must be collected for aLevel A analysis and the information in Tables
3.1 and 3.2 must be collected for aLevel B analysis. Figure 3.3 shows where to measure
different channel widths.

An example of aculvert evaluation field form can be found in Appendix C. It isadvisableto
initially collect only the information in Table 3.1 and conduct the Level A analysis while at the
site. Thiswill often determine the barrier status without using the parameters needed for aLevel
B analysis.

If the barrier status of the culvert is not determined by the Level A analysis, proceed with the
collection of field datarequired for the Level B analysis (Table 3.2). The actual Level B analysis
is conducted in the office using the Level B spreadsheet. Please read Section 3.2 carefully to
understand when it is necessary to collect the data outlined in Table 3.2.

L “Significantly higher” is defined as when the upstream invert elevation is greater than the upstream
invert elevation of the lower culvert plus 50% of the lower culvert’'srise.
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Figure 3.2. Examples of culvert descriptors and physical measurements.

Chapter 3: Road Crossing Structures 3-3
Fish Passage Barrier and Surface Water Diversion Screening and Prioritization Manual



Stream Channel Width M easurements

(A)
(B)
©
(D)
L egend: Not to Scale
A) Floodplain C) Scour Line Width
Indicators: vegetation tolerable to Indicators: bank scour or erosion; debris, pollen
intermittent flooding; wood debris and or silt line; coarse stream materials may be
loose soils (such as silt or sand) may be present; vegetation changes from predominantly
present from recent flood events; salmonids emergent to predominantly terrestrial; salmonid
may occupy area during flood events. spawning and/or rearing habitat available.
B) Channel Width D) Toe Width
Indicators: topographic breaks along banks; Indicators: Indicators: streambed material
change to upland vegetation; stage where present; emergent/aquatic vegetation; wetted
water just begins to overflow into active during periods of flow; salmonid spawning
floodplain. and/or rearing habitat present.

Figure 3.3. Examples of stream channel width measurements.
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Table 3.1. Data collection attributes for the Culvert Level A Form (Appendix C). Predefined
field values are indicated in bold text.

Form Field Description
Name
SiteID Unique identifier for each stream crossing. Must be identical to the Site ID for the site.
Culvert Number Identifiesindividual culverts at multiple culvert stream crossings. Format X.Y, where X =

specific culvert number and Y = total number of culvertsin crossing. For example, at atriple
culvert crossing, thefirst pipe would be 1.3, the second 2.3 and the third 3.3. Used in
conjunction with Site ID to create aunique record ID. If culverts are subsequently added to
the site, the second digit of the sequencer must be updated for each culvert to reflect the

increased number.
Data Source Name of group or agency reporting the feature data.
Field Crew Last names of individuals responsible for collecting field data on culverts. Separate names

with asemicolon. (e.g. Johnson;Collins)

Field Review Date | Date of thefield review. MM/DD/YYYY format.

Shape Specifies the shape of the culvert using one of the following codes: RND = round, BOX =
rectangular or square, ARCH = bottomless arch, SQSH = squash (pipe arch), ELL = ellipse,
OTH = other. SeeFigure 3.2 for examples of different culvert descriptors and physical
measurements.

Material Specifies the material the culvert is constructed of using one of the following codes; PCC =
pre-cast concrete, CPC = cast in place concrete, CST = corrugated steel, SST = smooth steel,
CAL = corrugated aluminum, SPS = structural plate steel, SPA = structural plate aluminum,
PVC = plastic, TMB = timber, MRY = masonry, OTH = other.

Span The horizontal dimension of the culvert. Expressed in meters to the nearest 0.01. Used in
conjunction with Channel Width to calculate Culvert Span to Channel Width Ratio.

Rise The vertical dimension of the culvert. Expressed in meters to the nearest 0.01. For round
culverts, thisvalue will be the same as the span. For countersunk culverts, if bottom of
structure cannot be determined, then measure from top of culvert to top of streambed and
explain in comments.

Water Depth In Depth of water inside the culvert, measured at the downstream end. Expressed in meters to
Culvert the nearest 0.01.

Water Surface Distance from the water surface at the downstream end of the culvert to the water surface of
Drop the plunge pool. Water surface drop can aso occur within the culvert and at the culvert inlet.
Expressed in metersto the nearest 0.01.

Drop Location Location of water surface drop. Inlet, Outlet, Interior. Indicate in the comments section if
water surface drop occurs at more than one location.

Length The length of the culvert measured in meters to the nearest 0.1. Include aprons if present.

Slope Slope of the culvert, reported in percent (e.g. 4.3). May be positive or negative number.

Countersunk Indicates whether the culvert is countersunk in the streambed. For the culvert to be

considered countersunk, the downstream culvert bottom must be embedded (countersunk)
below the channel bed by a minimum of 20% of the culvert diameter or rise, and streambed
material must be present throughout the length of the culvert. Valuesare Yesor No.
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Table 3.1 (continued). Data collection attributes for the Culvert Level A Form.

Form Field Description
Name
Apron Indicates presence and location of an apron. Values are No = none, US = upstream, DS =
downstream, BE = both ends.
Tidegate Indicates presence of atidegate or floodgate. Valuesare Yesor No.
Fishway Present Indicates the presence of a Fishway. Vaues are Yes and No.
Baffle Number Number of bafflesin the culvert.
Baffle Type Type of baffle. Vauesinclude Concrete, Metal, Wood, Rock, Plastic, and Other.
Road Fill Depth Depth of road fill over culvert.. Measured in metersto nearest 1.0.
Plunge Pool Distance from the outlet of the culvert to the downstream control. Measured in metersto the
Length nearest 0.01.
Plunge Pool Maximum depth of plunge pool. Expressed in meters to the nearest 0.01.
Depth

Plunge Pool Scour
Line Width

Width of the plunge pool at its widest point measured at the scour line width. Expressed in
meters to the nearest 0.01.

Channel Width

The average width of the stream channel, or “channel width”. Typically measured at the
second riffle downstream of the culvert. Used in conjunction with culvert span to calculate
Culvert Span to Channel Width Ratio. See Figure 3.3 for an example of different channel
width measurements for atypical stream channel.

Culvert span to

The ratio of the culvert width (span or diameter) to channel width. Derived by dividing

Channel Width culvert span by the average channel width. If multiple culverts are present at the site, use the

Ratio sum of all culvert spans divided by the average channel width. Expressed as a decimal
fraction between 0 and 1.

Barrier Results of the Level A or B fish passage assessment. Valuesare Yes= culvertisabarrier;
No = culvert is not abarrier; Unk = unknown.

Method Assessment method used to determine barrier status (culvertsonly). Vauesare Level A,
Leve B, Other, and Fishway (FW).

Percent Passable | Percent passability of featureslocated in fish bearing streams. Vauesare 0, 33, 67, 100.

Thisvalueisused in the Pl model to derive B (proportion of fish passage improvement).
Refer to Table 3.3 criteria for assigning passability to culverts that are assessed as barriers.

Significant Reach

Indicates the presence of a significant reach of habitat. Defined as 200 meters of habitat free
of any natural barriers upstream and downstream of the feature. Values are yes, no, and
unknown.

Problem Factor that determined barrier status. Applies only to barrier culverts. Vauesinclude WS
Drop, Slope, Vdocity, Depth, Tidegate (floodgate), Debris and Other. Enter WS Drop if
the measured water surface drop is > 0.24m or enter slope if the slopeis > 1% (Level A
analysis). Theresults of the hydraulic analysis (Level B) will indicate whether water depth or
velocity do not meet the WAC criteria. Choice dependent on Method.

Culvert Concise comments and explanation of any attribute where Other or Unknown was selected.

Comments
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Table 3.2. Data collection attributes for the Culvert Level B Form (Appendix C). Predefined
field values are indicated in bold text.

Form Field Name

Description

SiteID

Unique identifier for each stream crossing. Must be identical to the Site ID for the
site.

Field Crew Last names of individuals responsible for collecting field data on culverts. Separate
names with a semicolon.

Field Review Date Date of thefield review. MM/DD/YYYY format.

Datum Reference Point Datum.  Specify the datum of the reference point (benchmark).

Expressed in metersto the nearest 0.01. May be an established datum or alocal
assumed datum (e.g. 100).

Datum Location

Reference Point Location. Describe the location of the survey reference point
(benchmark).

Basin Area

Total drainage area above feature. Reported in square miles to the nearest 0.01.
Calculate from 7.5-minute USGS quadrangles or by using computer mapping
software.

Basin Precipitation

Average annual or 2-year 24-hour precipitation dependent on region. See Average
Annual Precipitation map of Washington (Appendix H).

Corrugation

Dimensions of culvert corrugations. Used in the hydraulic model to determine
roughness coefficient. Dimensions are depth by width (peak to peak), measured in
inches. The following three corrugations will cover 95% of corrugated pipes; 0.5 x
2.66,1x 3,and 2 x 6. If different specify using the same format. For concrete
culverts, enter Concrete. If the corrugations at the culvert invert are completely
covered with asphalt or concrete, enter Paved. For non-corrugated pipes, enter
Smooth. Anything else, enter Other and explain in comments.

Upstream Invert Elevation

Culvert Invert Elevation - Upstream. Elevation of the culvert bottom (invert) at the
upstream end. Expressed in metersto the nearest 0.01. See Figure 3.2.

Upstream Culvert Bed
Elevation

Culvert Streambed Elevation - Upstream. The surface elevation of any streambed
material inside the culvert at the upstream end. Expressed in meters to the nearest
0.01. Used to determine culvert bed slope and actual flow areain hydraulic model. |If
streambed materia is not present, then leave blank. See Figure 3.2.

Downstream Invert
Elevation

Culvert Invert Elevation - Downstream. Elevation of the culvert bottom (invert) at
the downstream end. Expressed in meters to the nearest 0.01. See Figure 3.2.

Downstream Culvert Bed
Elevation

Culvert Streambed Elevation - Downstream. The surface elevation of any streambed
material inside the culvert at the downstream end. Expressed in meters to the nearest

0.01. Used to determine culvert bed slope and actual flow areain hydraulic model. If
streambed material is not present, then leave blank. See Figure 3.2.

Downstream Control
Cross -Section

The downstream control istypically the head of the first riffle below the culvert (3 —
10m downstream). The cross section is derived from 7 points (stations) across the
channel. Datais recorded for each station in distance and elevation. Start at the top
of the left bank (Top LB), looking downstream, and work to the right. Measure
elevations at the top of each bank, each toe, the thalweg, and other grade breaks. The
distance value for Top LB will dwaysbe 0. Vauesfor the other stations will be the
distance in meters measured to the nearest 0.01 from Top LB. Elevationsare
measured in meters to the nearest 0.01. Each station and elevation is a separate field
in the associated table. Fields DsstO - Dsst6 contain the distances and fields Dsel0 —
Dsel6 contain the elevations. See Figure 3.7 for an example of different cross-section
channel measurements for atypical stream channel.
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Table 3.2. (continued). Data collection attributes for the Culvert Level B Form (Appendix C).

Form Field Name

Description

Downstream Control
Water Surface Elevation

Elevation of the water surface at the downstream control. Measured in meters to the
nearest 0.01. Derived by adding the average water depth to the bed elevations at the
control. SeeFigure 3.7.

Scour Line Width (SLW)

Elevation at the

Downstream Control

Elevation of the scour line at the downstream control. Measured in meters to the
nearest 0.01. See Figure 3.3 for an example of different channel width measurements
for atypical stream channel.

Water Surface Elevation
15m Downstream of
Downstream Control

Water surface elevation at the channel centerline, 15m downstream of the
downstream control. Measured in metersto the nearest 0.01. Derived by adding
Downstream Bed Elevation and water depth. Used in hydraulic model. Also used in
conjunction with upstream water surface elevation to estimate stream gradient
through the reach.

Channel Substrate

Best description of the dominant substrate in the channel between the downstream
control and the point 15m downstream of the downstream control. Values are;
riprap, boulder, cobble, gravel, sand, mud, and bedrock. Needed for the hydraulic
model.

Table 3.3. Criteriafor assigning passability to culverts that are assessed as barriers. When more
than one parameter applies, use the more restrictive passability value.

Par ameter Value Range Passability
>0.24m& <0.5m 0.67
Weter Surface >0.24 meters >05m& <1.0m 0.33
rop
>1.0m 0
Slope >1.0% & <2.0% 0.67
(Culverts<18.3 >1.0% >2.0% & <4.0% 0.33
meters length) >4.0% 0
Slope >1.0% & <2.0% 0.33
(Culvert >18.3 >1.0%
meters length) 22.0% 0
Exceeds WAC 220-110-070
velocity criterion for <0.61 mps over criterion for 0.67
15 cm (6 inch) trout 15 cm trout '
Veocity
(Level B Result) | Culvert Length (m) Velocity (mps)
<30.5 <1.22 >0.61 mps over criterion for 0.33
30.5-61.0 <0.91 15 cm trout '
>61.0 <0.61
20.15m & <0.30m 0.67
Depth S
(Level B Result) <0.30 meters >0.05m& <0.15m 0.33
<0.05m 0
Tidegate or Flap gate 0
Floodgate Gate Style
Self-regulating 0.33
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Survey Techniques

Performing aLevel A or Level B analysis requires taking a number of measurements using basic
surveying techniques. The survey techniques discussed below provide basic instructions for
measuring culvert elevations. Appendix E provides detailed information on surveying
techniques used to collect datafor the Level A and Level B analysis. For more detailed
instructions on surveying, including making multiple turning points and moving the level,
WDFW recommends consulting one of the many basic surveying books available. Basic
surveying techniques as related to barrier assessment are covered during the WDFW training.

Benchmark

Establish abenchmark at alocation that is stable and easy to relocate. Select alocation for the
level that has good visibility upstream and downstream of the culvert. If such alocation cannot
be found then the level will have to be moved to obtain all the desired readings. Set up the level,
place the stadia rod on the benchmark, and backsight to the benchmark. Normally the elevation
of the benchmark is arbitrarily set at 100.00 meters.

Height of I nstrument

If astandard level attached to atripod is being used, take the reading off the stadiarod; add it to
the benchmark elevation to get the instrument height. If alaser level isbeing used, read the
vertical distance to the reflector. If the vertical distanceis positive, subtract it from the reflector
height and add the difference to the benchmark elevation to get the instrument height. If the
vertical distance is negative, add it to the reflector height and add the sum to the benchmark
elevation to obtain the instrument height.

Measuring Elevations

When taking streambed or culvert elevation readings using a standard level, subtract the reading
from the stadiarod from the instrument height to get the elevation. When taking streambed or
culvert elevations using the laser level, if the vertical distance is positive, subtract it from the
reflector height and subtract the difference from the instrument height. If the vertical distanceis
negative, subtract it and the reflector height from the instrument height to get the desired
elevation. If the reflector is mounted to an adjustable stadia rod, then record the height of the
reflector if it is being moved up or down between measurements. Mounting the reflector to an
adjustable rod can facilitate taking readings by moving the reflector up or down to avoid
obstacles.

In some instances, it will not be possible to get all the elevations necessary without moving the
level. If it is necessary to move the level, have the rod holder position the rod in a stable location
(turning point) that is visible from the present location of the level and the location the level isto
be moved. Get the elevation of the point at which the rod islocated. Move the instrument to the
new location and backsight to the rod to determine the new instrument height. Proceed with
taking the necessary elevations. When all elevations have been taken, reverse the procedure that
was followed to move the instrument and move it back to its original location. Check the
elevation of the benchmark; it should be 100.00 meters. If it’s not, then an error was made and
the whol e process should be repeated since the elevations are erroneous. 1n some locations, it
may be necessary to have more than one turning point. Make sure to check for errors.
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3.2 Culverts—Barrier Assessment
Barrier determination is a step-wise process of data collection and analysis. There are two
barrier assessment methods for culverts, the Level A and Level B.

The Level A method, which evaluates hydraulic drop and slope, isthefirst level of assessment.
Thisiswhere the data collection begins and most culvertsfall out as barriers or non-barriers.

When barrier status cannot be determined using the Level A method, then the Level B method
will be used to determine the barrier status of the culvert in question. The Level B analysis will
indicate whether the culvert is avelocity or depth barrier, by evaluating flow and water depth.

Once the barrier assessment has been determined using either the Level A or Level B analysis,
refer to Table 3.3 for guidance in estimating the percent passability for barrier culverts.

Level A Barrier Assessment
Follow thiskey for aLevel A barrier assessment after all the information in Table 3.1 has been
collected (also diagramed in Figure 3.4):

1. Isthere awater surface drop > 0.24 meters at the inlet, outlet or anywhere inside the culvert?
A) If yes, the culvertisabarrier, additional analysisis not required. Finishthe
measurementsin Table 3.1. Refer to Table 3.3 for guidance in assigning percent passability
estimate.

B) If no, goto 2.

2. Isthe culvert countersunk?
A) If yes, goto 3.
B) If no, goto 4.

3. If the culvert is countersunk, is the culvert width (span) at least 75% of the average channel
width measured at a representative riffle located out of the influence of the culvert? The channel
width can be measured either downstream or upstream of the culvert, depending on which
location is more representative of the stream reach within the culvert vicinity.

A) If yes, the culvert is passable, additional analysisis not required. Finishthe

measurements in Table 3.1.

B) If no, proceed to the Level B analysis.

4. Isthe culvert backwatered to the upstream end of the culvert? A backwatered condition
within a culvert is where a pool with little or no current exists throughout the entire length of the
culvert.

A) If yes, proceed to the Level B analysis.

B) If no, goto 5.

5. Isthe culvert slope greater than or equal to 1%7?
A) If yes, the culvert isabarrier, additional analysis not required. Refer to Table 3.3 for
guidance in assigning percent passability estimate.
B) If no, proceed to the Level B analysis.
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Level B Barrier Assessment
The Level B analysisis applied when the barrier status of a culvert cannot be determined using
the Level A analysis. The purpose of the Level B hydraulic analysisisto calculate the average
velocity and corresponding depth in the culvert at the high fish passage design flow and compare
the valuesto Table 1 in WAC 220-110-070 section 3(b)(ii) for Adult Trout in Appendix F. The
values shown for velocity in Table 1 in the WAC are the maximum allowabl e average velocities
within the culvert. If the culvert is not backwatered, the calculation can be done using
Manning’'s equation for normal depth. Using normal depth ensures the maximum velocity will
be calculated. If the culvert is backwatered, then a backwater analysis must be done to find the
velocity.

Level B Applicability

1. Isthere agrade break in the culvert?
A) If yes, then aLevel B analysisis not possible and the barrier status is unknown.?
B) If no, goto 2.

2. Isthe culvert tidally influenced® or is there alarge pond or wetland downstream of the culvert
making it difficult or impossible to obtain the downstream control cross-section information?

A) If yes, then aLevel B analysisis not possible and the barrier statusis unknown.

B) If no, goto Level B (hydraulic) (Figure 3.5.)

! This is sometimes the case where a culvert has been extended and the new section isinstalled at a
different elevation or slope than the old culvert. This can aso occur when a section of the culvert settles
or ajoint fails.

% In cases where the slope of any portion of the culvert exceeds 1% or the drop inside the culvert exceeds
0.24 meters, then it can be categorized as abarrier. If the slope does not exceed 1% and the drop does not
exceed 0.24 meters, or if these parameters cannot be measured, then the barrier status of the culvert is
unknown and a higher level of analysisis required.

% Presently there is no protocol for evaluating tidally influenced culverts. For tidally influenced culverts,
an independent analysis of tidal influence and streamflow is needed. If aculvertistidally influenced,
then passahility is unknown until atidal analysisis completed.
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Barrier Analysis - Level A

Collect the
information in
Table 3.1

Is there a
water surface drop
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75% of the
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backwatered? Yes

l—‘n’es

Proceed to the
Level B Analysis
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Is the
slope greater than
or equal to 1%7

Yes

Barrier

Proceed to the
Level B Analysis

Figure 3.4. Flow chart of the Level A culvert analysis.
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Figure 3.5. Flow chart of the Level B culvert analysis.
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Stepsfor a Level B Analysis
Step 1) Collect field datafor aLevel B Anaysis (Table 3.2).

Step 2) Calculate the high fish passage design flow. Note: the Level B spreadsheet does this for
you.

Step 3) Calculate the flow characteristics of the stream channel at the high fish passage design
flow.

Step 4) Evaluate flow in the culvert, without backwater. Using Manning’s Equation calculate
flow velocity and depth, and compare to the allowable velocity and depth from Table 1 in the
WAC (Appendix F).

Note: If the calculated velocity isless than the allowable vel ocity from Table 1 in the WAC, and
the depth greater than or equal to the required depth from Table 1 in the WAC, then the culvert
isconsidered passable. If the calculated velocity is greater than the allowable velocity or the
depth isless than required, then the culvert needs to be checked for backwater.

Step 5) Evaluate flow in the culvert, with backwater (if applicable). If the culvert is backwatered
(i.e. the depth at the outlet is greater than the depth calculated from Step 4 -Manning’s
Equation), then proceed with the backwater calculation. Perform the backwater analysis
computation starting at the culvert outlet and proceeding upstream in increments until

normal depth or the culvert inlet isreached. If the normal depth is reached before the

backwater analysis reaches the culvert inlet (fully backwatered), then the maximum

velocity and corresponding depth would be the same as calculated from Step 4

(Manning' s Equation). If the culvert isfully backwatered, then select the velocity and

depth at the station nearest the upstream end of the culvert.

Step 6) If the culvert isabarrier, refer to Table 3.3 for guidance in estimating the percent
passability, used in the Priority Index (Pl) equation.

The velocity and depth values in Steps 2 through 5 can be calculated by hand or using
commercially available software. WDFW has prepared a spreadsheet for making these
calculations. This spreadsheet can be accessed at:
http://wdfw.wa.gov/hab/engineer/fishbarr.htm.

The following files are available online for use; examples are presented in Appendix G:

LviIBMet.xls Excel 97 for Windows, Metric Units version
LvIBEng.xls Excel 97 for Windows, English Units version

ExampleOneLvIB.Barrier.xls  Example 1, Level B barrier
ExampleTwoLvIB.Pass.xIs Example 2, Level B passable
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The spreadsheet has step-by-step directions, beginning on the Instruction page. The spreadsheet
may provide inaccurate results if the instructions are not followed.

The spreadsheet is capable of calculations for round, box and pipe arch culvert shapes.
Backwater is analyzed with the Direct Step method (distance calculated from depth) from Chow
(1959). The calculation starts at a control point (culvert outlet) and proceeds upstream until the
normal depth calculated by Manning's Equation isreached. A detailed description of how to use
the spreadsheet isin Appendix G.

3.3 Culvert Conditionsthat Make Assessment Difficult

There are anumber of site conditions that make it impossible to conduct the Level A and Level
B assessments, or require a more sophisticated analysis than the Level B spreadsheet is capable
of. These conditions are addressed below. Contact WDFW for assistance evaluating difficult
culverts.

Culvertsin Tidal Areas

Currently thereis no barrier assessment protocol for tidally influenced culverts. Given the
variable conditions of tidally influenced culvertsthe Level A and Level B assessment methods
are not applicable. At thistime WDFW suggeststhat all level A information be collected and
photos taken of the culvert outlet at both low and high tide (if possible) and forwarded to
WDFW.

Culvertswith Tidegates or Floodgates

Tidegates and floodgates are often installed on culverts located in dikes or levees to maintain low
water conditions behind the dike or to prevent saltwater intrusion. In this manual, both tidegates
and floodgates will be referred to as “tidegates’. If a culvert has atidegate attached, fill out the
culvert form, check the ‘yes box for tidegate present, and describe the tidegate in the comments
section. Flap gates, swing gates, automatic slidegates, “pet-door” style, and pinch valves are
styles of devices used as tide and floodgates (see Figure 3.6 for photo examples of gate styles).

When tidegates are partialy or completely closed they are barriers to fish migration, because
they block adult salmonids from accessing upstream habitat on the incoming tide and limit
passage for juvenile and adult salmonids at other times. Most are also abarrier to migration
when they are open because they don’t open far enough or frequently enough, they may be
perched too high, and/or the water velocity istoo high.

In some cases a tidegate may be specially designed to provide for improved fish passage, such as
an automatic (“self-regulating”) tidegate. * Automated settings' refersto when the tidegate is
adjusted to open or close relative to the tidal elevation. While these types of tidegates may

provide improved passage conditions over atraditional tidegate, they may still delay or block
passage during some fish migration periods, depending upon the automated settings,
management and maintenance of the tidegate. Therefore, when conducting a fish passage
inventory, if atidegate is present, regardless of the gate style, consider the feature to be a barrier
and refer to Table 3.3 for guidance on evaluating the passability.
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Figure 3.6 Photo examples of tide and flood gate styles.
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Culverts with Flow Control Structures

Culverts equipped with aflow control structure intended to impound water, such as a vertical
standpipe, flash-board riser (also referred to asa* half-round riser”), or slidegate, should be
evaluated as dams (Chapter 4).

Culvertswith Associated Fishways

For culverts equipped with afishway, including baffled culverts, collect all culvert data and
proceed to fishway data collection (Chapter 7). Fish passage barrier determination is based on
the fishway evaluation. See Chapter 7 for data collection and fish passage evaluation for
fishways.

Downstream Control is I naccessible

In cases where the culvert discharges immediately into awetland, pond, lake, reservair, or larger
stream, the downstream control may be inaccessible or nonexistent. In these situations, collect
the Level B information and measure the water surface elevation at the point where the culvert
discharge enters the receiving water (for example, the wetland or larger mainstem stream).

Altered Watercourses that Lack an Obvious Downstream Control

Some streams have been modified to accommodate agricultural or other human land practices
and often have uniform channels lacking an obvious downstream control, making it difficult to
collect Level B data. In these cases collect the normal Level B data and measure a representative
downstream cross section within the first few meters downstream of the culvert. See Figure 3.7
for an example of downstream cross section measurements.

Station 1 Station 5
Streambed Toe Width
Station 0 Station 3 . Station 6
on Station 2 Station 4

Left Bank

w Right Bank
Water Surface

Elevation
\—//K—/
Figure 3.7. Example of Level B cross section measurements.
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Assessing Multiple Culverts

The Level B spreadsheet cannot assess multiple culverts. Collect the Level B information and
analyze using commercially available software or forward the culvert information to WDFW for
analysis.

Countersunk Culverts

Countersunk culverts have bed material throughout and cannot be evaluated using the Level B
spreadsheet. Collect the Level B information and analyze using commercially available software
or forward the culvert information to WDFW for analysis.

Culvertswith Zero or a Negative Slope

The Level B spreadsheet cannot be used on culverts with a zero or a negative slope. Collect the
Level B information and analyze using commercially available software or forward the culvert
information to WDFW for analysis.

Culvertswith an Internal Grade Break

A grade break is a condition where there is a slope change or vertical drop within the culvert; this
can occur when a culvert has been extended or a portion of the culvert settles. The culvert is
considered a barrier using the Level A analysisif the vertical drop exceeds 0.24 m or if the
culvert slope exceeds 1%. A Level B analysis cannot be done when there is a grade break within
the culvert.

3.4 Non-culvert Road Crossings— Data Collection

Non-culvert crossings, such as bridges and stream fords, are frequently encountered in the field,
especially as culverts are replaced or removed altogether. Other types of non-culvert crossings
encountered may be washed-out or abandoned road crossings, and puncheon crossings. Figure
3.8 shows photo examples of some common non-culvert road crossings.

In addition to the site information in Table 2.1 from Chapter 2, complete the Non-culvert Road
Crossing Form found in Appendix C. Data attributes for non-culvert road crossings are
summarized in Table 3.4.

| dentifying Washed-out and Abandoned Road Crossings

Observing some general stream site conditions may indicate the difference between a washed-out
crossing and an intentionally abandoned road crossing. A washed-out road crossing occurs
during a catastrophic event (e.g. severe flooding, plugged culvert, etc.); often the former crossing
structure is found in the vicinity, the streambanks are disturbed, and the stream channel may be
incised. An abandoned crossing occurs when aroad is formally decommissioned (such as during
aforest practices road abandonment management plan). Abandoned road crossings are designed,
permitted, and constructed to remove the crossing structure entirely from the stream channel,
remove the associated road fill, and stabilize and restore the adjacent stream banks and channel.
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3.5 Non-culvert Road Crossings— Barrier Assessment

Barrier determinations for non-culvert road crossings depend on the type of feature present.
When evaluating passability, consider the criteria for water surface drop, slope, velocity and
depth, outlined in Table 3.3 in this chapter. In addition, if the structure is physically blocking the
stream then it isabarrier.

Table 3.4. Field descriptions for the Non-culvert Road Crossing Form (Appendix C).
Predefined field values are indicated in bold text.

Field Form Description
Name

SiteID Unique identifier, must be identical to the Site ID for the site.

Data Source Name of group or agency reporting the feature data.

Field Crew Last names of individuals responsible for collecting field data. Separate names with a
semicolon.

Field Review Field review date. MM/DD/YYYY

Date

Crossing Type | Brief description of feature or structure. Vauesinclude bridge, ford, fill, puncheon,
abandoned, washout, and undefined.

Fishway Indicates the presence of aFishway. Vauesare Yesor No.

Present

Barrier Results of fish passage evaluation - barrier determination. Values are; Yes = featureisabarrier;
No = featureis not abarrier; Unk = barrier status unknown.

Percent Percent passability of barrier features based on field crews professional judgment. Valuesare 0,

Passable 33, 67, and 100. Thisvalueisused inthe Pl model to derive B (proportion of fish passage
improvement).

Significant Indicates the presence of asignificant length of habitat. Defined as 200 meters of unobstructed

Reach habitat upstream and downstream of the feature. Valuesare Yes, No, and Unk.

Comments Brief description of this feature and explanation of any attribute where other or unknown was
selected.
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Figure 3.8 Photo examples of some common non-culvert road crossings.
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3.6 Additional Reading

Bates, K.; Barnard, R.; Heiner, B.; Klavas, P.; Powers, P. 2003. Design of Road Culvertsfor Fish
Passage. Washington Department of Fish and Wildlife. Olympia, Washington.
http://wdfw.wa.gov/hab/engineer/cm/
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CHAPTER 4

Revised 12/21/09

DAMS

A dam is any human-made structure built to impound or divert water that results in an abrupt
change in water surface elevation. For example, a concrete water diversion structure resulting in
a 1-meter drop in water surface is considered adam. Water may be impounded for numerous
purposes, including hydroel ectric power, irrigation, recreation, and wildlife habitat.

For technical assistance with these methods for evaluating dams for fish passage, contact the
WDFW Habitat Program at (360) 902-2534, or TAPPS@dfw.wa.gov.

4.1 Data Collection and Barrier Assessment
Do the following for each dam encountered:
e Complete the Site Description Form found in Appendix C (described in Chapter 2).
e Photograph the feature.
e Complete the Dam Form found in Appendix C.
e Complete associated feature forms, if necessary (such as fishways, see Chapter 7, or,
diversions, see Chapter 8).
Evaluate for fish passage.
e If damisafish passage barrier, and prioritization for barrier correction is desired, then
conduct habitat assessment (Chapter 9).

Data Collection
Table 4.1 summarizes the data collection attributes for a dam feature. Figure 4.1 shows photo
examples of different types of dam structures.

If the dam is associated with a fishway to facilitate fish passage then collect fishway data as
outlined in Chapter 8. If the dam is associated with a surface water diversion, then collect the
diversion data outlined in Chapter 9 and evaluate fish screening.

As discussed in Chapter 3, culverts equipped with a flow control structure, such as a vertical
standpipe, half-round riser, headgate, or slidegate should be evaluated as dams.

Chapter 4: Dams 4-1
Fish Passage Barrier and Surface Water Diversion Screening and Prioritization Manual


mailto:TAPPS@dfw.wa.gov

Table 4.1. Data collection attribute descriptions for the Dam Form (Appendix C). Predefined
field values are indicated in bold text.

Form Field Name

Description

SitelD

Unique identifier, must be identical to the Site ID for the site.

Data Source Name of group or agency reporting the feature data.

Field Crew Last names of individuals responsible for collecting field data. Separate names
with a semicolon.

Field Review Date Field review date. MM/DD/YYYY

Dam Name Recorded legal name or local name.

Reservoir Name

Recorded legal name or local name.

Primary Purpose Primary purpose of dam, valuesinclude, D = debris control, C = flood contral,
H = hydroelectric, | = irrigation, N = navigation, P = stock or farm pond, Q =
water quality, R = recreation, S = water supply, T =tailings, O = other, F =fish
propagation, W = wildlife habitat.

Dam Type Type of dam, valuesinclude CN = concrete, RE = earth fill, M S = masonry,
MT = metal, ER=rock fill, TB = timber, and OT = other.

Fishway Present Indicates the presence of aFishway. Vauesare Yes or No.

Outlet Type Describes the outlet conditions at the dam. Vaues are Spillway, Standpipe,

Flashboard Riser and Culvert.

Operation Timing

Indicates the duration of time that the dam isin operation. Vaues are Y ear
Round and Seasonal.

Dam Span Extent to which the dam extends across the stream, Full or Partial.
Dam Height The height from the front base of the dam, to the crest in meters (0.01).
Dam Length Length of the dam, bank to bank, in meters (0.1).

Water Surface Difference

If water isflowing over the crest of the dam, give the difference between the
water surface elevations above and below the dam in meters (0.01). If the dam
is equipped with a standpipe, leave blank.

Plunge Pool Depth

Depth of plunge pool below dam in meters (0.01).

Barrier Results of fish passage evaluation - barrier determination. Valuesare; Yes=
damisabarrier; No = damis not abarrier; Unk = dam is of unknown barrier
status.

Percent Passable Percent passability of features located in fish bearing streams. Vauesare 0, 33,

67, and 100. Thisvalueisused in the Pl model to derive B (proportion of fish
passage improvement).

Significant Reach

Indicates the presence of a significant reach of habitat. Defined as 200 meters
of habitat free of natura barriers upstream and downstream of the feature.
Vauesare Yes, No, and Unk.

Description

Description of the dam and any problems associated with it.
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Table 4.1. (continued). Data collection attribute descriptions for the Dam Form (Appendix C).

Form Field Name Description

Comments Concise comments and explanation of any attribute where Other or Unknown
was selected.

Fish Passage Barrier Determination

Barrier determination is based upon the difference in the water surface elevations above and
below the dam. If the water surface difference at the dam is greater than 0.24 meters, it isa
barrier. Table 4.2 provides guidance on making passability estimates at dams that are barriers.

Dams may impound water year-round or seasonally. If adam appearsto be temporarily
breached during the site visit, then passability is unknown. If possible, discuss the water control
management plan with the facility owner to determine the time periods when the dam would be
in use and could pose a complete or partial barrier to fish passage.

Flashboard Risers

Sometimes culverts, such as half-round risers or boxes, have slots for removable wooden boards
to control water elevations behind the structure. Since these structures are intended to impound
water, they are considered dams. The structure is considered a barrier whenever the boards are
put in place and there isa 0.24 m hydraulic drop. If the boards are not in place during the site
visit, then the fish passage status for the dam is ‘unknown’.

Headgates or Slidegates

Structures equipped with either a headgate or slidegate are considered barriers whenever the gate
iIsclosed. If aculvertisequipped with a headgate or slidegate, and the gate is open, then collect
the culvert data and evaluate using the Level A Analysis. If the culvert isevaluated asalLevel A
barrier, then consider the dam afish passage barrier. Otherwise, the barrier statusis ‘ unknown’,
unless you know how the facility is managed.

Table 4.2. Criteriafor assigning passability to dams that are assessed as barriers.

Par ameter Value Range Passability
Water Surf >0.24m& <0.5m 0.67
%ropr ae >0.24 meters >05m& <1.0m 0.33
>1.0m 0
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Full span concrete dam with removable
wooden boards.

Metal dam constructed of sheet pile. Water control structure dam (vertical stdpi pe
with wooden flashboard riser).

Figure 4.1 Photo examples of dam structures.
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MISCELLANEOUSOBSTRUCTIONS

5.1 Miscellaneous Obstructions— Data Collection and Barrier Assessment
Features that are not culverts, fishways, dams, or water diversions are classified as other features
or miscellaneous obstructions. Some examples include dikes/levees, erosion control structures,
fill/debris, flumes, pipeline crossings, etc. When tidegates are not associated with culverts, then
they are also treated as miscellaneous obstructions. Photo examples of some previously
inventoried miscellaneous obstructions are found in Figure 5.1.

Data Collection for Miscellaneous Obstructions
For miscellaneous obstructions, also referred to as ‘ other’ features, collect the following:
e Siteinformationin Table 2.1 (Chapter 2); complete the Site Form (Appendix C).
e Feature information summarized in Table 5.1; complete the *Other’ field form found in
Appendix C.
e Describe the miscellaneous obstruction in as much detail as possible and evaluate for fish
passage.
e Complete additional field forms for associated features (e.g. fishway, diversion, etc), if
necessary.
e Photograph the feature and the general site setting.

Fish Passage Assessment for Miscellaneous Obstructions

Barrier determinations for miscellaneous obstructions depend on the type of structure. When
evaluating passability, consider the criteriafor water surface drop, slope, depth, and accessibility
through a physical blockage, as outlined in Table 5.2.

For assistance with evaluating the passability for miscellaneous obstructions, contact the WDFW
Habitat Program at (360) 902-2534, or TAPPS@dfw.wa.gov.
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Debris (riprap, bould, and cocre) placed
in channel to protect undersized foot bridge.

- T

Concrete fl um With baffles prt. ote:
both the ‘other’ form and *fishway’ form
would be completed in this case.

P e

Flood controll étructtjre equipped with several
large pumps and six flood gates.

W "/ TN b
Debris (rip-rap boulder jetty; stream flows
through gapsin jetty)

Pipeline crossi n.

Figure 5.1. Examples of some previously inventoried miscellaneous obstructions.
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Table5.1. Data collection attribute descriptions for the Other Form (Appendix C). Predefined
field values are indicated in bold text.

Field Form Description
Name

SiteID Unique identifier, must be identical to the Site ID for the site.

Data Source Contains name of group or agency reporting the feature data.

Field Crew Last names of individuals responsible for collecting field data. Separate names with a semicolon.

Field Review | Field review date. MM/DD/YYYY

Date

Other Type Brief description of feature or structure. Vauesinclude: Flume, Roughened Channel,
Dike/L evee, Streambed Control, Hatchery, Tide/Flood Gate, Artificial Waterfall,
Stormwater, Erosion Control, Fill/Debris, L ake Screen, Pipeline Crossing, Trash Rack, and
Misc Obstruction. May add additional types as encountered.

Fishway Indicates the presence of aFishway. Vauesare Yesor No.

Present

Barrier Results of fish passage evaluation - barrier determination. Valuesare; Yes = featureisabarrier;
No = featureis not abarrier; Unknown = barrier status unknown,

Percent Percent passability of features located in fish bearing streams. Valuesare 0, 33, 67, and 100.

Passable Thisvaueisused in the Pl model to derive B (proportion of fish passage improvement).

Significant Indicates the presence of asignificant reach of habitat. Defined as 200 meters of habitat free of

Reach natural barriers upstream and downstream of the feature. Valuesare Y es, No, and Unknown.

Description Brief description of this feature and explanation of any attribute where OTHER or Unknown was
selected.

Reason Primary factor that determined barrier status. Vauesinclude WS Drop, Depth, Tidegate or

Floodgate, and Debris.

Table5.2. Guidance for estimating percent passability for miscellaneous obstructions.

Parameter Value Range Passability
>0.24mé& <0.5m 0.67
Water Surface Drop >0.24 meters >05m& <1.0m 0.33
>1.0m 0
Slope >1.0% & <2.0% 0.67
(for concrete flume or other >1.0% >2.0% & <4.0% 0.33
horizontal structure) >4.0% 0
Depth in structure <0.17m 0
: <0.30 m >0.17m & <0.24 m 0.33
(when streamflow is present) 0.24m& <0.30m 067
' Flap gate 0
Tidegate or Floodgate Gate Style Sf-requlating 033
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NATURAL BARRIERS

6.1 Natural Barriers

Natural barriers encountered during watershed inventories are documented and evaluated similar
to human-made features. Only natural barriers that are considered permanent or long-term are
documented, including waterfalls, high gradient stream sections, or subsurface flow. Transitory
features such as beaver dams and log jams are not documented for purposes of this manual.
Natural instream features that are passable are not documented.

Data Collection for Natural Barriers
Conduct the following:
e Complete the Site Description Form found in Appendix C (see Chapter 2).
e Complete the Natural Barrier field form found in Appendix C (data attributes explained
in Table 6.1).
e Complete the Fishway field form (Appendix C) if afishway is present.
e Evauate for fish passage.
e Photograph the feature and the general site setting.

Occasionally afishway may be attached to a natural barrier in order to facilitate fish passage. If
afishway is present, complete the fishway form found in Appendix C. Refer to Chapter 7 for
data collection attributes (Table 7.1) and evaluation protocols for fishways.

Fish Passage Assessment for Natural Barriers
Natural barriers, that would exclude most adult salmonids, are defined as:
o awaterfall > 3.7 vertical metersin height,
e astream reach having a sustained gradient exceeding 20% for 160 or more meters
(continuous), or,
e achannd having a sustained gradient >16% for a distance of 160 meters and having a
width <0.6 metersin Western Washington or <0.9 meters in Eastern Washington as
measured at the scour line (Chapter 3, Figure 3.3).

Whileit is recognized that different species have various jumping and swimming abilities, for
example, bull trout are often found above 30% gradient (Cannings and Ptolemy 1998) and
cutthroat trout have been found in gradients up to 33% (Jauquet 2002), for purposes of this
manual, the 20% gradient threshold has been accepted as the upper limit for most adult
salmonids.
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Subsurface Stream Flow

Subsurface stream flow may block fish passage at certain timesif stream reaches are not
connected except during extremely high flow periods during heavy rain or snowmelt. Inthese
cases, there is no defined stream channel and no evidence of overland flow during any time of
the year. Reaches with subsurface stream flow are not documented as a feature for purposes of

this methodol ogy.

Table 6.1. Data collection attribute descriptions for the Natural Barriers Form (Appendix C).
Predefined field values are indicated in bold text.

Field Form Name

Description

Site|D

Unique identifier, must be identical to the Site ID for the site.

Data Source Contains name of group or agency reporting the feature data.

Field Crew Last names of individuals responsible for collecting field data. Separate names
with a semicolon.

Field Review Date Field review date. MM/DD/YYYY

Site Name Name the natural barrier is commonly referred to on amap, by local residents,

or by resource managers.

Natural Barrier Type

Type of natural barrier feature. Valid entriesinclude: Gradient , Waterfall or
Subsurface flow.

Waterfall Height

The height from the front base of the waterfall, to the crest in meters (0.01). If
no waterfall present, then leave blank.

Plunge Pool Depth

Maximum depth of plunge pool. Expressed in meters to the nearest 0.01.

Slope Stream gradient measured in percent. If natural barrier is awaterfall, then leave
blank.

Channel Width Average stream width. Expressed in meters to the nearest 0.01.

Stream Length The length of the natural barrier, such as areach of subsurface flow or areach
exceeding 20% gradient, measured in metersto the nearest 0.1. If natura
barrier isawaterfal, then leave blank.

Blockage Degree of fish passage barrier. Vauesare; Total, Partial, Unknown.

Fishway Present Indicate whether afishway ispresent. Values are; Yes = fishway is present; No
= fishway is not present.

Comments Brief description of this feature.
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FISHWAYS

A fishway is any human-made structure that facilitates the passage of fish through, over, or
around a barrier. The barrier can be human-made, such as a culvert, low head dam, or concrete
flume. The barrier can also be natural in origin such as afalls or cascade.

Note: because fishways are considered retrofits and a temporary correction measure for fish
passage barriers, they are not treated as an inventory feature. Rather, this manual will discuss
fishways as an attachment to an instream feature, such as a culvert, dam, or other feature.
Because fishways are associated with inventoried features, fishway data will be collected along
with the primary feature data. Passability will be considered for the entire site; the primary
feature and the fishway will have the same passability.

If astreambed control, such asalog, plank, rock, or gabion is encountered, do not report it asa
fishway unlessits function is to pass fish above, through, or around a barrier. Throughout the
state, many streams have undergone habitat enhancement work including the placement of
streambed controlsin order to develop spawning areas and/or plunge pools for rearing habitat. 1f
you come across such structures, evaluate them as miscellaneous obstructions (Chapter 5).

Many attempts have been made by barrier owners and others to construct fishways to improve
fish passage. Some of these efforts have been successful but many have been failures. In order
for afish passage facility to be legally recognized as a fishway, it must be both durable and
efficient (RCW 77.57.030). In other words, it must be able to withstand extreme flow events
along with the associated bedload and woody debris that accompany these events and be able to
efficiently pass fish over awide range of flows.

Fishway designs are complex requiring hydraulic analysis to determine pool volume for energy
dissipation necessitating an advanced level of expertise to determine passability. The evaluation
guidance provided in this manual isintended to assist inventory crews in identifying common
fishway types and any obvious fishway design or maintenance issues that may cause afish
passage delay or barrier. The hydraulic drop is currently the only criterion used by field crews
that does not require a higher level of analysis.

For new or previously undocumented fishways, follow the data collection and barrier assessment
guidelines outlined below. For technical assistance with fishway evaluation and inspection,
contact the WDFW Habitat Program at (360) 902-2534, or TAPPS@dfw.wa.gov.

Chapter 7: Fishways 7-1
Fish Passage Barrier and Surface Water Diversion Screening and Prioritization Manual


mailto:TAPPS@dfw.wa.gov

7.1 Fishways— Data Collection
Conduct the following for each newly (not previously documented) fishway encountered:

Complete the Site Description Form found in Appendix C (see Chapter 2).
Record description information and core physical measurements for the primary feature
the fishway is associated with;

0 Culvert (Chapter 3)

o Dam (Chapter 4)

0 Miscellaneous Obstruction (Chapter 5)

o Natural Barrier (Chapter 6)
Complete the Fishway Form found in Appendix C (data attributes explained in Table
7.1).
Photograph the general setting, the primary feature and the attached fishway.

Table 7.1 describes the information and physical measurements necessary to document and
evauate fishways. Thefieldsin Table 7.1 are found on the data collection form found in
Appendix C. Most of thefieldsin the table are self-explanatory, however, afew of the fields do
warrant additional discussion.

Photo examples of the most common fishway types can be found in figures 7.1 (baffled culverts
and baffled flumes), 7.2 (weir pool fishways), Figure 7.3 (pool chute fishways), Figure 7.4
(streambed control fishways), Figure 7.5 (vertical slot fishways), Figure 7.6 (steep pass
fishways), Figure 7.7 (roughened channel culvert fishways), Figure 7.8 (blasted falls fishways),
and Figure 7.9 (trap and haul fishway).

Fishway barrier assessment is discussed in Section 7.2.

Fishway Type
The most common fishway types encountered include:

Baffled Culvert (BC). A culvert with bafflesinstalled. They are designed to pass fish
by creating streaming flow during high-water conditions, reduce the average cross section
velocity inside the culvert, or by increasing flow depth throughout the culvert.

Baffled Flume (BF). A stream reach confined in a concrete flume with baffles installed
for fish passage.

Weir Pool (WP). Theweir pool fishway isthe most common style fishway found in the
Pacific Northwest. Thistype of fishway has sufficiently sized pools to dissipate the
turbulence and energy of the water entering over the upstream weir. The hydraulic
controls between the pools are overflow weirs. The size, shape and material composition
of weir pool type fishways can vary grestly.

Pool Chute (PC). A formed and poured concrete fishway. Pool chute fishways have
vee-shaped weirs with a horizontal weir set into a notch at the apex of the vee. At high
flows, water streams down the center of the fishway, while plunging flow and good fish
passage conditions are maintained on the edges of the pools. A pool chute fishway may
look similar to, and function like, aweir pool fishway at low flow.

Streambed Control (SBC). Grade controls installed directly in the streambed; may be
comprised of wood, rock, or other materials. Streambed controls are placed in channels
to accommodate drops by influencing water flow, gradient, sediment, bed elevation, or
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other stream functions. They may function like stair steps to backwater culverts or they
may promote aggradation of the stream channel to reduce drops.

Vertical Slot (VS). Similar to weir pool fishway, it has distinct steps with hydraulic
control provided by a narrow vertical slot opening, often to the full depth of the fishway.
Steep Pass (SP). Type of denil pattern fishway typically constructed of one or more
sections of pre-fabricated sheet aluminum, which allows them to be transported and
installed at remote locations.

Roughened Channel Culvert (RCC). Boulder-size roughness elements are placed in a
pattern to increase channel roughness, which reduces velocities by dissipating energy.
Boulders may be placed within the culvert or in steepened reaches downstream and/or
upstream of the culvert.

Blasted Falls (BL). Pools blasted in the rock of awaterfall or bedrock cascades.

Trap and Haul (TH). Mechanically operated fishways, which may include lifts (fish
elevators), brails, and locks, that can raise fish over abarrier or into atrap or hauling tank
on atruck or barge. These facilities are generally used on large rivers with large-scale
fish runs,
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Table 7.1. Data collection attribute descriptions for the Fishway Form (Appendix C).
Predefined field values are indicated in bold text.

Form Field Name

Description

SitelD

Unique identifier for each stream crossing. Must be identical to the Site ID for the
site.

Field Crew Last names of individuals responsible for collecting field data. Separate names with
asemicolon.
Date Field review date. MM/DD/YYYY format.

Construction Y ear

Y ear fishway was built. YYYY format. If unknown, then leave blank.

Attached To Structure fishway modified for fish passage: Culvert, Non-culvert crossing Dam,
Other, Natural Barrier.
Fishway Type Select from list; BC = baffled culvert, BF = baffled flume, PC = pool chute, WP =

weir pool, SP = steep pass, VS = vertical slot, SBC = streambed control, RCC =
roughened channel culvert, BL = blasted falls, TH = trap and haul, Unk = unknown

Number of Pools

The number of poolsor steps within the fishway structure.

Entrance Pool Depth

The depth measured outside of the fishway structure at the downstream end. Meters
(0.01)

Maximum Water
Surface Drop

The maximum hydraulic drop of the measurements taken at each control/weir from
water surface to water surface. Meters (0.01)

Number of Weirs

The number of weirs utilized within aformal fishway, not to be confused with
baffles or streambed controls.

Weir Type

Material of which the weirs are composed, select from list. Concrete, Metal,
Plastic, Wood, Rock, or Other.

Streambed Elevation
Control Location

Location of streambed elevation controls, select from list. US = Upstream, DS =
Downstream, BE = Both Ends. Leave blank if none present.

Control Type

Type of streambed controls, select all from list that apply. CC = Concrete, GC =
Gabion, RC = Rock L C = Log, PLC = Plank, SCC = Saccrete.

Number of Controls

Number of streambed controls.

Comments Additional description or comments. |If fishway needs maintenance or is a barrier,
then describe here.

Barrier Results of fish passage evaluation. Values are; yesfishway isabarrier, no =
fishway is not a barrier, unknown = fishway passability is unknown.

%Passability Percent passability based on field crew’s professional judgment. Valuesare: O, 33,

67, 100.
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Baffled Culvert

Culvert equipped with expansion ring, stedl
baffles.

Baffled Culvert
Angle steel baffles in a concrete box
culvert.

Baffled Flume
Modified denil fishway in a concrete flume.

Baffled Flume
Bafflesin a concrete flume.

Figure 7.1. Photo examples of baffled culverts and baffled flumes.
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Weir oI
Sheet pile weir-pool fishway downstream of a
culvert.

e~ e
Weir Pool

Six-step, concrete, weir-pool fishway with
wooden stop-logs attached to a dam.

= S

'. Weir Pool
A weir pool fishway within a culvert.

Weir Pool
Concrete weir-pool fishway around a dam.

z ;}"- =
Pool Chute
A five-step concrete pool-chute fishway

downstream of a culvert.

Figure 7.2. Photo examples of weir pool fishways.

Pool Chute
A 17-step concrete pool-chute fishway
attached to a dam.

Figure 7.3. Photo examples of pool chute fishways.
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Streambed Control
Log controls placed downstream of a culvert
to backwater the culvert.

i B e

Streambed Control
The fishway consists of 15 log controls

Streambed Control
Concrete controls placed downstream of a
culvert to backwater th culvert.

o
",

e

Streambed Control
The fishway consists of 36 full span concrete

install abypass around a dam.

it

Streambed Control

Rock control fishway constructed to make up

grade, maintain water elevations and facilitate
fish passage after dam removal.

controls, placed after dam removal.

Streambed Control
Nine concrete weirs underneath bridge placed
to prevent major head cutting.

Figure 7.4. Photo examples of streambed control fishways.
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Vertical Slot Fishway
Vertical dot fishway attached to diversion
dam.

A Ry

Vertical Slot Fishway
Attached to natural barrier waterfal;
constructed in 1956.

A six step concrete vertical slot fishway
attached to alow head dam.

Vertical Slot Fishway
A formal vertical dot fishway, 137 m long
with 44 vertical dlots, attached to natural

barrier waterfall.

Figure 7.5. Photo examples of vertical dot fishways.

Steep P Fishway
Alaska Steep Pass Fishway attached to
culvert.

Steep Pass Fiway
A 4.5 mlong Alaska steep pass ladder over an
irrigation diversion dam.

Figure 7.6. Photo examples of steep pass fishways.
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Roughened Channel Culvert Fishway
Fourteen rock weirs were installed
throughout the reach. Three weirs are
downstream, five inside the culvert and six
upstream (photo).

Roughen Channel Culvert Fishway
Rock controls facilitate passage up to the
culvert.

Blasted Falls Fishway
A four step blasted weir-pool fishway on a
2.4 m high natural bedrock falls.

Constructed in 1955.

Figure 7.7. Photo examples of roughened channel culvert fishways.

“Blasted Falls Fishway
Eight blasted weir-poolsin anatural bedrock

falld cascade area.
Constructed in 1952.

Figure 7.8. Photo examples of blasted falls fishways.

Chapter 7: Fishways

Fish Passage Barrier and Surface Water Diversion Screening and Prioritization Manual



Trap and Haul Fishway — Sunset Falls
A trap and brail system traps fish below the first barrier falls, then atank truck transports fish
5.6 kilometers upstream around a series of three falls where they are released and provided
access to more than 145 kilometers of quality spawning and rearing habitat. This unique
fishway facility has been in operation since 1958.
Figure 7.9. Photo example of trap and haul fishway.

Weir Pool and Pool Chute Fishway Components
Collect data for the following fields for weir pool and pool chute fishways only:
e For “Number of Pools’, enter the total number of plunge pools or steps within the
fishway structure, including the entrance pool.
e The“Entrance Pool” isthe furthest downstream plunge pool, found below the lowest
fishway weir; measure the depth at the center of the entrance pool, if possible.

Note that weir pool and pool chute fishways can be totally contained within a culvert.

Maximum Water Surface Drop

Measure the hydraulic drop at each control/weir present, from water surface to water surface.
Report the maximum drop on the data entry form. If the water surface drop for one or more
controls/weirs exceeds 0.24 m, record this information in the comments and indicate which
control/weir(s) exceeded 0.24 m drop.

Baffled Culverts/Flumes

Bafflesin culverts are recorded on the ‘ culvert’ data collection form (see Chapter 3), aswell as
on the ‘fishway’ data collection form. Baffled flumes are recorded on the ‘ miscellaneous
obstructions’ data collection form (see Chapter 5), aswell as on the ‘fishway’ data collection
form. For baffled culverts and baffled flumes, indicate the number of baffles present and the
material the baffles are constructed of (e.g., concrete, rock, metal, plastic, wood or other).
Describe any broken or missing baffles in the comments section.
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Fishway Comments

Describe the fishway conditions in the comments section. Comments should be reserved for
fishway descriptions and for deviations from standards, or when ‘other’ is chosen as a fishway
descriptor.

7.2 Fishways—Barrier Assessment

Fish passage conditions within fishways are dynamic and may change overnight, depending on
flow conditions, sediment and debris transport, and structural integrity of the fishway itself. Pool
volume and depth, water surface drop, turbulence, velocity, and/or physical blockages are all
factors affecting fish passage within fishways.

An easily measured parameter that can be used to assess fish passage is hydraulic drop. Measure
the water surface drop at each control. For adult salmon and trout (> 150 mm), the drop at the
water surface should not exceed 0.24 m (0.8 ft).

Consider the fishway a barrier if either of the following conditions exist.
e >0.24 m water surface drop at any of the controls,
e physical blockage present within the fishway (e.g. large wood, debris, sediment, etc.)

7.3 Fishways — Ongoing I nspection

Regular inspections should be conducted by the facility owner or by another party to ensure
proper function and passability of the structure. Fish passage conditions within fishways can
change annually or even daily, depending on maintenance activities, extreme hydrol ogical
events, and other conditions. Fishway inspection is recommended on aweekly basis during the
fish migration period and after each significant flood event. While guidance is provided here on
evaluating fishways, inventory groups are not expected to conduct regular fishway inspections.
Deficienciesto look for are described below. Table 7.2 describes the information and physical
measurements to collect when inspecting fishways.

Maintenance Needed to Ensure Fish Passage and Structural I ntegrity
The fishway facility may be passable for fish yet require general maintenance for safety or
structural integrity. 1f neglected, some general maintenance issues could develop into fish
passage or fish stranding problems. The following isalist of common maintenance needs to
look for in the field:

e Isthere awater surface drop greater than 0.24 m?

e |sthere excessive turbulence?

e Arethere any logs, debris, or garbage in or around the facility that are impairing fishway

function and require removal ?

e Areplunge pools or the culvert filling in with sediment and debris to the extent that
fishway function or hydraulic capacity is compromised?
Have beavers constructed a dam at the fishway or within the vicinity?
Isfilter fabric exposed that may need to be trimmed, buried, anchored, or replaced?
Are any of the bafflesloose, missing bolts, or other missing components?
Are any of the baffles or weirs misaligned or broken?
Are welirs sealed properly?
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o |If thereisatrashrack at the facility, doesit need to be cleaned or repaired?
e Istheaccessroad in need of any repairs?
e |sthere any bank erosion associated with the fishway?

Fishway I nspection Results
Upon inspection, one of the following conditions may be observed:

e Fishway isok; it is passable for fish (there are no excessive drops or blockages), it is
durable and efficient.

e Fishway isnot necessarily abarrier, but structural maintenance is needed to prevent
failure.

e Fishway isapartia barrier, yet only minor, short-term maintenance is needed to ensure
fish passage (e.g., debris removal, minor adjustment to stop log, etc.). Once maintenance
is completed, the fishway would then be passable.

e Fishway isabarrier because of adesign issue or failure (e.g., broken or missing baffles).

e Fishway no longer exists

Table 7.2. Field descriptions for the Fishway I nspection Form (Appendix C). Predefined field
values are indicated in bold text.

Form Field Name Description

SiteID Unique identifier for each stream crossing. Must be identical to the Site ID for the
site. Field isused as adatabase table key and to create links to associated tables
and data.

Observer(s) Last name(s) of the field inspection team responsible for data and data collection
date.

Date Fishway inspection date. MM/DD/YYYY format.

Condition Fishway condition during site visit. Values are; OK — durable and efficient, MN —

minor maintenance needed, M NFP — minor maintenance needed for fish passage,
MNR — major maintenance or replacement needed for fish passage, NL E — fishway
no longer exists, UNK — condition unknown.

Fishway Maintenance Describe fishway maintenance needs. Photos may help illustrate this. If no

Required maintenance needed, indicate ‘none’.
Additional Comments Additional description or comments.
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FISH PASSAGE BARRIER AND SURFACE WATER DIVERSION SCREENING
ASSESSMENT AND PRIORITIZATION MANUAL

CHAPTER 8

Revised 12/21/09

SURFACE WATER DIVERSIONS

Surface water diversions are common instream features in agricultural areas where the water is
used for irrigation. Throughout the state, water is also diverted for hydropower, industrial,
recreational, residential, municipal, and hatchery purposes. Washington State law (RCW
77.57.070 and RCW 77.57.010) requires that all surface water diversions be screened to prevent
fish from being drawn into the diversions where they are at risk for injury or mortality.
Appendix | outlines the screening requirements for surface water diversions.

There are three primary inventory goals for surface water diversions:
e Locate and describe the type of diversion.
e Determine the presence and condition of screening.
e Collect information necessary to prioritize unscreened or inadequately screened
diversions for correction.

Surface water diversions are often screened to keep debris out, but not necessarily to protect fish.
Additionally, many diversions are unscreened.

For technical assistance with evaluating diversions and screening, contact the WDFW Habitat
Program at (360) 902-2534, or TAPPS@dfw.wa.gov.

8.1 Locate & Describe

Standard site data (Chapter 2) are collected for all surface water diversions to define the location.
Data elements collected in the field to describe the diversion are summarized in Table 8.1, with
detailed descriptions of key elements provided below.

Diversion Type

Surface water diversions are categorized into two general types, gravity and pump. Gravity
diversions are typically characterized by open channels or canals leading off the stream channel
where flow is controlled by differencesin elevation (gravity). They are often accompanied by
dams that divert flow into the channel. Pump diversions employ mechanical pumps to remove
water from the stream. The pumps are either located directly in the stream (submersible) or on
land with an intake pipe in the stream.

Access
| dentifies the means by which the diversion site can be accessed (e.g. by foot, vehicle, boat, or
off-road vehicle).
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Point of Diversion
I dentifies which stream bank the diversion islocated on, right or |eft, looking downstream.

I ntake L ocation

More detailed description of where the diversion intake islocated. The three options are
riverbank, offshore, and lagoon. Riverbank means the intakeis at or immediately adjacent to the
shoreline of the main channel. Offshore indicates the intake is in the channel away from the
shoreline. A lagoon is out of the main flow and often isolated from the river by a channel or
pipe. Gravity diversion intakes are usually located along the riverbank or offshore (infiltration
galeries). Pump intakes are found at all locations.

Diversion Dam

Many diversions use a dam to deflect water into the intake location. This data element isaflag
to indicate the presence or absence of adiversion dam. If present, the dam needs to be assessed
for fish passage per the protocol in Chapter 4.

Headgate

A headgate is a structure used to control the amount of water being diverted. They are typically
associated with gravity diversions and are located upstream of a screen (if present). Headgates
can range in form from asimple weir to ascrew valve. This data element is aflag indicating the
presence or absence of a headgate. Figure 8.1 shows examples of some common headgate styles.

Diversion Comments

The comments section is used to briefly describe important aspects of the diversion not captured
by the standard data elements. It is aso a space for explanations when “ Other” or “Unknown”
are selected for items on the field forms.

Screen Presence

This data element indicates the presence or absence of a screen at the diversion. It provides
documentation that a screen is present even when access to the screen isrestricted and the
information in Section 8.2 cannot be collected. If it isnot possible to determineif ascreenis
present or absent (see Section 8.4), “Unknown” should be selected.
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Table 8.1. Field descriptions for the Surface Water Diversion data collection form for diversions
(Appendix C). Itemsin bold text represent predefined choices on the form.

Field Form Name Description
SiteID Unique identifier for each diversion. Must be identical to the Site ID for the site.
Field Crew Last names of individuals responsible for collecting field data on culverts. Separate

names with a semicolon. (e.g. Johnson;Collins)

Diversion Type

Indicate type of surface water diversion: Gravity or Pump diversion.

Access

Type of transportation capable of accessing site: Boat, Vehicle, Foot, or ORV (off-road
vehicle).

Point of Diversion

Point of diversion (POD): LB = left bank, RB = right bank, referenced looking
downstream.

Intake Location

RB = riverbank (or stream bank), OS = offshore, LN = lagoon, CV = cove. A lagoonis
separated from the river by a pipe or channel. A coveisopen to theriver.

Diversion Dam

Presence of an instream diversion dam structure: Y es = present or No = not present. If
yes, also complete a dam form.

Headgate

Presence of headgate: Y es = present or No = not present.

Diversion Comments

Diversion specific comments.

Screen Presence

Reports the presence of some type of screening device: Y es = present, No = not present,
or Unknown = unable to determine presence or absence.
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Figure 8.1. Examples of common headgate styles.
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8.2 Screens
When screens are present, the data elements summarized in Table 8.2 are collected to describe
the screen and its general condition. Detailed descriptions of key elements are provided below.

Screen Type

Surface water diversion screens have been classified into a small number of general types;
however, each type may have a number of variations due to size and cleaning strategies. Gravity
diversion screens are commonly categorized as traveling belt, rotary drum, vertical fixed plate,
non-vertical fixed plate, or infiltration gallery. Screens configurations that do not fit these
categories are identified as “ Other”.

Traveling belt screens (figures 8.2 and 8.3) consist of an endless mesh (wire or plastic) conveyor
belt that excludes debris while allowing surface water to be diverted to an irrigation system.

A rotary drum screen (figures 8.4 and 8.5) isacylindrical drum constructed with mesh (wire or
plastic) which allows water to flow through while excluding debris.

Fixed plate screens are smply aflat plate mesh aligned in a stream channel at a gravity
diversion. Vertica fixed plate screens (figures 8.6 and 8.7) are aligned vertically in the stream.
“Active” cleaning plate screens require an additional debris removal system (e.g. brush or
wiper). “Passive’ plate screens have no cleaning system. Non-vertical fixed plate screens
(figures 8.8 and 8.9) may be aligned horizontally or sloping upward or downward in the direction
of the stream flow and typically do not require debris removal systems.

Infiltration galleries (figures 8.10 and 8.11) include one or more horizontal screens, perforated
pipe manifolds, or single pipes, buried in a streambed or bank. Another type of infiltration
galery isa“Ranney well”, which is simply a depression dug off-channel (in a stream or river)
with a pump and/or pipe present. Infiltration galleries are generally used for pump diversions but
can be use for gravity diversionsin steep channels. The screen areais the area of the streambed
or bank through which the water flows rather than the area of the intake pipe.

Pump diversion screens attached to the end of a pump include box, barrel, cylinder, or cone
(figures 8.12 and 8.13). Pump diversions may also be screened by an infiltration gallery.
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Screened Water

—

Belt Travel —m—

TRAVELING BELT

Figure 8.2. Traveling belt screen.

- = \ e
traveling belt screen traveling belt screen shown with
cleaning brush

Figure 8.3. Photo examples of traveling belt screens.
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Figure 8.5. Photo examples of rotary drum screens.
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Screened Water

Concrete Structure

Traveling Cleaner

VERTICAL PLATE

Rotary Wiper brushes

....

°°°°°°°°°°°°°°°°°°
ooooooooo

Stainless steel Perf plate

MODULARY PLATE

Figure 8.6 Vertical fixed plate screen.
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vertical plate screen

vertical plate screen

(‘air burst’ active cleaning system)
T T I 7

brush sweeping the plate screen
(‘ eepi ng brush’ active cleaning system)

o

i Py e 2

e &
vertical plate screen (‘rotary wiper’ cleaning)

ive'; no cleaning system)

vertical plate screen

Figure 8.7. Photo examples of vertical plate screens.
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Water Surface

Screened Water

'
.

Non-vertical Plate (downward sloping)

Figure 8.8 Non-vertical plate screen.

Figure 8.9. Photo example of non-vertical plate screen.
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Infiltration gallery

Figure 8.10 Infiltration gallery screen.

&5

pveinfiltration gallery

Figure 8.11. Photo example of passive infiltration gallery
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Figure 8.12. Common types of end of pump screens.

box pump intake screen
barrel pump intake scr |

cone pump intake screen
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Figure 8.13. Photo examples of common pump intake screens.
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Screen Material

Screen material refers to the porous part of the diversion screen. Common materials are woven
wire mesh, plastic mesh, perforated plate (stainless steel, auminum or brass with round or
dotted holes), stainless steel profile bar (also called wedge wire or well screen), and slotted
polyvinyl chloride pipe (PVC). Figure 8.14 illustrates these common screen material types.
Materials not meeting these descriptions are designated as “ Other”.

I ":
Woven wire mesh — 1
| | L oo
Max opening == :
0.087 inch
[ — |
(2.2 mm) B B B 8 B O
Max opening
0 ,0,4040 — > — | 0.069inch
Perforated platel 0 0,00 — (1.75 mm)
—_— 0 O 0 0 o O 0 C ) C Jd C )e l
Max opening Teo o 0000069[ — 2
0.094 inch 0 o 0 _0 S —
O -0 _ 0
(2.4 mm) 0 o 0 0 s Y e Y e
Max opening
Profile Wire 0.069 inch
NN NNNNNNN ‘ (1.75 mm)
Profile bar NNRNNRRNNR
NNNNNDN NNND
4 NN NNNRN :_\ :ﬁ7
INNNNNNNNN] | T |
N NN N NNNNDN
N NNMNNNNN
SN-NENNENENNSNNS .
NN TNTN TN N NN Backing Bar
Figure 8.14. Common fish screening materials.
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Mesh Size

Mesh size refers to the opening in the screen material. Screen mesh diameter can easily be
measured using a set of calipers. How mesh size is measured is dependent on the type of screen
material (Figure 8.14). For wire or plastic mesh, measure the largest diagonal dimension. For
perforated plate measure the diameter of the hole or the narrowest dimension of the slot. For
profile bar and slotted PV C measure the narrowest dimension of the slot. On damaged screens,
measure the undamaged mesh opening and note the screen damages in the comments section.
Mesh sizeisreported in inches to the nearest to the nearest ten thousands (10000's).

Fish Bypass

Gravity diversions with fish screens installed downstream of a headgate and pump diversions
withdrawing water from alagoon, usually require a "fish bypass system" to collect fish fromin
front of the screen and safely transport them back to the stream. Gravity diversion bypass
systems consist of an entrance/flow control section and a fish conveyance channel or pipeline.
Lagoons must be configured with an outlet channel (or pipe) having sufficient flow away from
the pump intake to carry fish back to the parent water body. The intake channel or pipeto a
lagoon does not constitute a bypass channel, since it requires fish to swim upstream to get back
to the parent water body. This data element is aflag indicating the presence or absence of a
bypass system at the diversion.

Comments on Bypass Condition
Describe the condition of the bypass at the time of the site visit. Evaluate and comment on the
following items:
e |sthe bypass entrance or return pipe blocked with debris?
e |sthere sufficient flow to allow fish to find and enter the bypass and return to the river?
e Dotheflowsin front of screens allow fish bypass without delay or impingement?
e Doesthe bypass return have an outfall drop? What is the height and condition of the
outfall?

Note: thereare casesduring low river flow when the bypasses are shut off to enable the
diverter to obtain the water right.

Screen Dimensions
The following general measurements are taken to help characterize the screen. Not all
dimensions apply to all screen types. Measurements are reported in English units.
e Screen mesh/slot opening diameter (to the nearest 0.0001 inch)
Screen width (to the nearest 0.01 feet)
Screen height (to the nearest 0.01 feet)
Screen area (to the nearest 0.01 sgquare feet)
Diameter (to the nearest 0.01 feet)
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Screen Condition

Screen condition reflects whether a screen is clean and intact or if it isin need of maintenance. It
is not an evaluation of compliance with federal and/or state screening requirements.
Inadequately maintained screens can result in entrainment (passage through, around or under the
screen) or impingement (involuntary contact and immobilization on the screen surface) of fish.

The following items should be considered when evaluating screen condition:

e Holesor dentsin the screen surface or frame that would allow small fish to pass through
the screen or be injured by contact with the surface. Screens should be adequately sealed
to prevent fish injury or entrainment.

e Screen mesh openings that exceed the maximum allowable opening diameter for type of
screen (see Table 8.14)

e Gaps and spaces greater than 0.094 inches (2.4 mm) between the screens, structural
frames, and/or civil works (wood, metal or concrete section in the channel that the screen
fitsinto).

e Side and bottom rubber seals not intact and in continuous contact with the screen.

e Screens or trash racks plugged with debris.

If any of these situations exist the screen condition should be indicated as * maintenance needed”.

Screen Comments

The comments section is used to briefly describe important aspects of the screen not captured by
the standard data elements. It isalso a space for explanations when “Other” or “Unknown” are
selected for items on the field forms.

Screen Compliance

Survey crews may not always be able to determine whether a screen is compliant and meets
WDFW screening criteria. Advanced expertise is needed for determining whether the approach
velocity, sweeping velocity, and minimum screen area criteriaare met. However, if the screen
mesh size exceeds the WDFW criteria (see maximum openings in Figure 8.14 and Appendix 1),
then screening is not compliant. Likewise, if the diversion is unscreened, then the screening is
non-compliant. When the screening criteria cannot be adequately evaluated, then complianceis
‘unknown’.
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Table 8.2. Table 8.2 Field descriptions for the Surface Water Diversion data collection form for

screens (Appendix C

. Itemsin bold text represent predefined choices on the form.

Field Form Name

Description

SiteID Unique identifier for each diversion. Must be identical to the Site ID for the site.

Screen Type Specify the type of screen. For Gravity Diversions: RD = rotary drum, VFP = vertica
fixed plate, NVFP = non-vertical fixed plate, TB = traveling belt, |G = infiltration
galery, OT = other. For Pump Diversions. BX =box, BR = barrel, CY = cylinder, CN =
cone, |G =infiltration galery, OT = other.

Screen Materia Material screen is constructed of: WM = woven wire mesh, PM = plastic mesh, PP =
perforated plate, PB = profile bar, EM = expanded metal, SP = slotted PVC, OT = other.

Mesh Size Largest dimension of the screen material opening, measured in inches (0.0001).

Screen Height Height of screen, measured in feet (0.01).

Screen Width Width of screen, measured in feet (0.01).

Screen Condition

Indicate screen condition: OK = screen clean and intact, MN = maintenance needed.

Fish Bypass Presence of fish bypass. Yes= present, No = not present, or Unknown = unable to
determine presence or absence.
Bypass Condition Indicate whether fish bypassisin operation and comment on the condition of the bypass.

Screen Comments

Screen specific comments.

Screen Compliant

I's the screen compliant with WDFW criteria? Indicate Y es, No, or Unknown.

8.3 Diversion Flow

Determining maximum diverted flow isacritical piece of information used by WDFW to
prioritize the diversion for screening, establish the size and type of screen needed, and to
estimate construction costs. Table 8.3 summarizes the data el ements collected or recorded for
diversion flow calculations. Key elements are described in detail below.

Flow is the volume of water moving through the diversion for a specified unit of time (e.g. cubic
feet per second, gallon per minute). Some of the methods described in this section yield flow in
cubic feet per second (cfs), however, the Screen Priority Index (Chapter 10) requires flow in
gallons per minute (gpm). To convert cfsto gpm, multiply by 449 (1.0 cfs = 449 gpm).

The preferred value for flow is that alowed by the diverters water right permit or certificate.
Most surface water diversions require authorization from the Washington State Department of
Ecology (WDOE). The water right permit or certificate defines the legal, maximum
instantaneous flow allowed for the diversion. Water right information can be requested from
WDOE' s public disclosure office at (360) 407-6040, or obtained from the agency’ s Water Right
Tracking System (WRTS), available online at:

http://www.ecy.wa.gov/PROGRAM S/wr/rights/tracking-apps.html. 1f flow cannot be obtained

from water rights then it can be measured or calculated by the techniques described bel ow.
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Pump Diversions

For diversions equipped with an in-line flow meter, the instantaneous flow in gpm can be read
directly from the meter if the diversion isin operation. Unfortunately, most diversions are not
equipped with flow meters. Pump flow may also be estimated based on the outside diameter or
circumference of the intake pipe. Table 8.4 provides estimated flow in gpm based on these
dimensions.

Gravity Diversions

Some gravity diversions are equipped with calibrated staff gages from which flow can be read
directly when the diversions are in use. Figure 8.15 shows photo examples of staff gages.
Otherwise, flow is calculated by multiplying water velocity (ft/sec) times the cross-sectional area
(ft?) of the diversion channel. Theresult isflow in cubic feet per second (cfs). Velocity can be
measured with a portable flow meter or by the three-chip method (described below) when the
diversionisinuse. If thediversionisnot in operation, an average velocity (described below) can
be used as a surrogate. The cross-sectional area of the channel is calculated based on smple
measurements.

Cross-Sectional Area

The bank full, cross-sectional area of the channel should be cal culated from measurements taken
approximately 100-300 feet downstream of the point of diversion where the normal waterlineis
readily apparent on the bank. Measure the width of the channel at the waterline elevation. Then
measure the vertical distance (depth) from the horizontal waterline elevation to the channel
bottom. Multiply the width times the depth to generate the bank full cross-sectional area. The
areamust be expressed in square feet to the nearest tenth of afoot (0.1 ft). If the ditch cross-
section is not rectangular, calculate area as accurately as possible by using the formulafor a
trapezoid (Area = Y2 (Width waerline + Width pottom) X depth).

Three Chip Method

With the three chip method, velocity is estimated by measuring the time it takes a floating object
to travel a set distance, then dividing the distance traveled by thetime. For example, if the object
travels ten feet in twenty seconds, the velocity is 0.5 feet per second (10 ft / 20 sec = 0.5 ft/sec).
Thisis repeated three times with the results used to compute an average velocity. Multiply the
average velocity by the diversion channel cross-sectional areato generate flow in cfs. Multiply
the result by 449 to obtain gpm.

Average Velocity

An average velocity of 0.75 ft/sec, based on velocities measured by WDFW crews in a number
of diversion channels, may be used. To calculate flow, multiply the diversion channel cross-
sectional areaby 0.75 ft/sec. Theresult will be flow in cfs. Multiply the result by 449 to obtain
gpm. The flow generated by this method is not as accurate as the other methods described above.
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Table 8.3. Flow calculation data € ements, collected on the Surface Water Diversion Data Form

(Appendix C). Itemsin bold text represent predefined choices on the form.

Field Form Name

Description

Cross-Sectiona Area

Bank full, cross-sectional area of the diversion ditch, canal, flume, or pipe, in square feet
(0.1). For Gravity Diversions only.

Intake Pipe Outside
Diameter

Measured outside diameter of the intake pipein inches (0.001). For Pump Diversions
only.

Diversion Flow

Volume of water diverted in gallons per minute (gpm).

Flow Derivation

How flow was determined: Staff Gauge, Flow Meter, Three-Chip Method, Water
Right, WDFW Average Velocity, Pipe Capacity, Other. Non-standard (“Other”) flow
derivation methods require explanation in diversion comments section (e.g. landowner
provided information; from areport; from an HPA; etc).

Water Right Number

Water Right number issued by the Washington Department of Ecology, if known.

Power Meter Number

Number issued to Power Meter servicing the diversion, if known.

Table 8.4. Pump diversion pipe flow estimation table.

Standard PVC & Steel Outside Diameter Outside Circumference | Estimated
Pipe Sizes (inches) (inches) (inches) Flow
Fraction Decimd Fraction Decimal Fraction Decimal GPM

1 1 1516 1.313 418 4.125 14
1 1.25 1 Wie 1.688 5 16 5.188 25
1v2 1.50 17 1.875 6 6 35
2 2 28 2.375 7 Mo 7.438 40
21 2.50 2™ 2.875 g V16 9.063 65
3 3 312 3.500 11 11 90
4 4 412 4.500 1254 12.750 160
5 5 5 916 5.563 20 20 180
6 6 6>® 6.625 28 8 28.875 280
8 8 8> 8.625 278 27.125 460
10 10 10¥* 10.750 33 33.750 750
12 12 1234 12.750 40 V16 40.063 1100

Figure 8.15. Examples of staff gages.
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8.4 Field Considerations

If screening facilities are fenced, locked, or otherwise inaccessible, there may be an existing
record of the facility at WDFW; please check with WDFW/TAPPS screening expertsin Y akima
or contact the WDFW Habitat Program.

Fish screening facilities at gravity diversions are usually present near the point of diversion, but
in some cases they are a significant distance downstream. At a minimum, the inventory crew
should walk a 200-meter reach of the diversion channel to search for a screening facility. If the
entire diversion channel cannot be walked, and a screening facility is not found within 200-
meters, then select * Unknown’ on the data collection form for “ Screen Presence” and report in
the comments section the distance (meters) walked.

Pump diversions are usually screened at the intake. When evaluating pump diversions, do not
pull pumps or pump intake lines out of the water or remove the pump housing; this may result in
damage or personal injury. If you are unableto collect the data without disturbing the pump
equipment, then leave the data entry fields blank and explain the situation in the comments field.
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8.5 Additional Reading

NMFS (National Marine Fisheries Service). 2008. Anadromous Salmonid Passage Facility
Design. NMFS, Northwest Region, Portland, Oregon. http://www.nwr.noaa.gov/Salmon-
Hydropower/FERC/upload/Fish_Passage Design.pdf

Nordlund, B. and K. Bates. 2000. Fish Protection Screen Guidelines (WDFW) — DRAFT
4/25/00. Co-published by the NOAA Fisheries and Washington Department of Fish and Wildlife.
Olympia, Washington. http://wdfw.wa.gov/hab/ahg/screen51. pdf
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FISH PASSAGE BARRIER AND SURFACE WATER DIVERSION SCREENING
ASSESSMENT AND PRIORITIZATION MANUAL

CHAPTER 9

Revised 12/21/09

HABITAT ASSESSMENT

Habitat assessments are conducted when the goal or objective of the fish passage inventory isto
prioritize barriers for correction. When conducting a watershed-based inventory where all fish
bearing water is walked, the habitat assessment begins once the first human-made barrier is
encountered; habitat datais collected simultaneously while walking the stream for the inventory.

Contact the WDFW Habitat Program at (360) 902-2534, or TAPPS@dfw.wa.gov, to arrange for
training or for technical assistance with the habitat assessment methods presented in this manual.

Field Considerations

To facilitate the efficient collection of data and for safety reasonsit is recommended that a two-
person crew be used to conduct habitat assessments. Typically, one person takes measurements
while the other person records data in a weather-resistant field notebook. A list of recommended
survey equipment is presented in Appendix B. Crews should follow safety precautions, such as
carrying afirst aid kit, having a communication plan, and using a mobile phone. Field crews
should receive training in first aid.

Try to obtain landowner permission to access private property before conducting fish passage
and screening inventories and/or habitat assessment. Contact all landowners along the stream,
explain the project, and ask for permission to walk the stream. Thisform of outreach is essential
in creating arapport with landowners. Landowners generally have akeen interest in salmon
recovery and can provide first hand observations of fish use in the stream, problem barriers, and
often a history of the site.

Habitat Assessment Options

Two habitat assessment options are available. The most reliable isthe full survey (FS) sinceit
has a higher sampling frequency than the reduced sampling full survey (RSFS). Other than
sampling frequency, the two methods are identical and are discussed in Section 9.1. Both
methods allow for the identification of natural and human-made barriers as well as evaluation of
the habitat quality throughout the survey.

If the inventory is not watershed-based (streams are not being walked), and there is no plan to
prioritize the barriers, a smple threshold determination (TD) is recommended. Thisinvolves
walking at least 200 meters downstream and 200 meters upstream of each human-made fish
passage barrier to verify that a significant reach of fish habitat exists upstream and downstream
of the barrier. A significant reach is defined as a section of stream having at least 200 linear
meters of useable habitat without a gradient or natural point barrier. In the case where a culvert
falls within the 200 meters, do not count the length of the culvert as part of the significant reach
since the culverted section of stream is not considered useable habitat.
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If the inventory is not watershed-based and the plan is to conduct habitat assessments and
prioritize barriers, afish access check (FAC) needs to be conducted. The FAC verifies whether
anadromous salmonids have access to the barrier and involves walking downstream to a point
where there is known anadromous access. If anatural barrier is encountered during the fish
access check, then the habitat upstream of the natural barrier would be considered to be inhabited
by resident species only and would be prioritized using only resident species. Figure9.1lisa
flow chart showing the habitat assessment options.

Habitat Assessment Overview

Human-made Fish Passage Barrier
|dentified

A 4

Habitat Assessment Methods Available
|

Physical Habitat Survey Threshold Determination (TD)
-Mainstem and tributaries surveyed to end « 200 m fish habitat verified downstream &
of fish use upstream
All human-made features inventoried - Additional barriers assessed within 200 m
«Prioritization using Priority Index (PI) distance
[
Full Survey (FS) Reduced Sampling Full Survey (RSFS)

« ~20% sampling frequency « One sample section per reach

Figure 9.1. Overview of habitat assessment options.
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9.1 Physical Habitat Survey
The stream length is measured using a belt chain from the barrier to be prioritized proceeding
upstream to the first natural barrier or until the stream is no longer fish bearing.

While conducting the survey:

e Break the stream into reaches with similar gradient, bed form and channel size. In
addition, areach break is established at every human-made fish passage barrier. Ponds
are treated as an independent reach.

e Take habitat measurementsin the first 60 meters representative of each 320 meter section
walked on streams longer than one mile and the first 30 meters representative of each 160
meters on streams less than one mile.  For a RSFS, one representative 60-meter sampleis
taken for each stream reach.

e Document and evaluate all human-made features encountered for fish passage.

e Take detailed notes and photos for each reach.

For each sample section collect the following information:
e Thelength of each pool, riffle and rapid within the sample section.
e Measure the wetted and scour line widths at the first two pools, riffles and rapids found
within the sample section that are representative of conditions within the sample section.
e Measure the average depth at the location of each wetted width measurement.
e Visually estimate the substrate composition of each pool, riffle and rapid sampled.
e At aminimum, measure the gradient at each sample section.

For each reach record the following information:

e Assign ahabitat quality modifier independently to spawning and rearing habitat.

e |f ahabitat quality modifier other than 1 is assigned to areach, indicate what is reducing
habitat quality.

e Estimate the magnitude of spring influence to the stream flow.

e Record the water temperature.

e Visualy estimate the percent of stream area shaded by the riparian canopy assuming full
leaf out condition.

e Instream cover density such aslarge woody debris (LWD), undercut banks, large
boulders, close overhanging vegetation (etc) is visually estimated as high, medium or
low.

e Makeavisual estimate (high, medium or low) of juvenile abundance by speciesif
possible.

When back in the office, measure the basin area either using a planimeter or GIS software.

The following definitions, habitat measurements, and habitat descriptions apply to both the FS
and RSFS methodologies. An example of a habitat survey field form that can be used for both
methodol ogies can be found in Appendix Jand an example for data entry isin Appendix K.
Table 9.1 includes the field descriptions for the Physical Habitat Survey data collection form.

Chapter 9: Habitat Assessment 9-3
Fish Passage Barrier and Surface Water Diversion Screening and Prioritization Manual



Stream Length

Measure stream length to the nearest meter using a belt chain with a 3 strand, biodegradable
thread. Begin measuring at the human-made barrier and continue upstream (if the stream is
utilized by resident salmonids only, then the habitat gain may be downstream as discussed in
Section 9.2) until anatural barrier is encountered or the stream is no longer fish bearing. Note:
even if biodegradable thread is used, it is best to collect used hip chain (whenever feasible) and
pack it out, as a courtesy to landowners and others and for wildlife safety.

Reach

A reach is defined as a section of stream with a similar gradient, bed form, channel size,
streamflow, land use characteristics, and having a length of at least 160 meters (except for pond
reaches which can be less than 160 metersin length).

Reach Breaks

A stream reach break is established at each tributary contributing >20% or more of the parent
stream flow above the confluence. Reach breaks are also created at 1%, 3%, 5%, 7%, 12%, and
16% gradient. Table 9.2 shows the expected species utilization in each gradient stratum and the
gradient strata that each species may ascend, even though they may not reside in that stratum.
For instance, coho salmon are generally found in stream reaches having gradients of 7% or less,
however, they may ascend stream reaches up t016% and reproduce and rear in lower gradient
reaches upstream. In this case, you would include coho salmon in all reaches having a gradient
of 7% or less even if there are intermediate reaches up to 16%. Table 9.2 should be used to
assign species utilization to reaches unless additional information is available for the stream.
The reach breaks do not necessarily correspond with changes in species utilization because some
reach breaks are established to account for habitat differences at different stream gradients.

Gradient strata must be sustained for at least 160 meters. The survey isterminated at a natural
point barrier (waterfall >3.7 meters vertical height) or when a sustained gradient >20% is
encountered for a distance of 160 meters (>16% for a channel width <0.6 metersin Western
Washington and <0.9 metersin Eastern Washington, measured at the scour line width).

Since it will not always be known how long the stream continues at a particular gradient, it is
necessary to measure the first 160 meters by belt chain to verify the need to create a new reach
when a new gradient reach stratum is encountered. Sample frequency should continue
uninterrupted across gradient reaches, to avoid unnecessary sampling should the gradient change
occur in lessthan 160 meters. Thisisan exception to the way other types of reach breaks (bed
form change, land-use change, secondary human-made barriers, etc.) are handled, where a new
sampling frequency will begin at the reach break.
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Table9.1. Field descriptions for the Physical Habitat Survey data collection form (Appendix J).
Predefined field values are indicated in bold text.

Field Form Name

Description

Survey ID

Unique identifier, must be identical to the Site ID for the site.

Date

Date of thefield review. MM/DD/YYYY format.

Observers

Last names of the field crew that conducted the upstream survey, separate
names with a semicolon.

Stream Name

Name of the stream where the feature is located. |f the stream is unnamed,
enter unnamed.

Tributary To

Name of the water body to which stream (above) is connected. |f unnamed,
enter unnamed. May include WRIA & stream number (e.g., unnamed
04.0373).

WRIA

Water Resource Inventory Area number for stream (above), 8-character
maximum consisting of 6 digits, 1 decimal point, and 1 upper case letter (e.g.,
00.0000A), where applicable. Thefirst two digits are the WRIA number (1-
62), the remaining 4 digits and alpha character are the stream number. If the
stream has no number enter at least the WRIA number. Do not use X’s as
place holders.

Position

L ocation of the beginning of the reach (e.g., at barrier culvert Site 370054 on
Jones Road; or; at left bank tributary entering at 1543 meters upstream Site
370054).

Survey Type (Habitat
Assessment Method)

Habitat assessment method used to determine Significant Reach and/or
Priority Index. FS = full survey, RSFS = reduced sampling full survey, TD =
Threshold Determination.

Reach # Number or reach being sampled. For example, the first reach sampled would
be Reach 1, the second Reach 2, the third Reach 3, and so on.

Begin CR Beginning Chain Reading (CR). The hip chain reading at the beginning of the
reach, in meters.

End CR Ending CR. Hip chain reading at the end of the reach, in meters.

Spawning HQM Habitat Quality Modifier (HQM) assigned to spawning habitat for the reach.
Appropriate values: Good = 1; Fair = 0.67; Poor = 0.33; Very Poor with No
Habitat Value = 0.

Rearing HOM HQM assigned to rearing habitat for the reach. Appropriate values. Good =

1; Fair = 0.67; Poor = 0.33; Very Poor with No Habitat Value = 0.

Limiting Factors

If an HQM less than 1 was assigned, explain why.

Spring Influence

Estimate of the spring contribution to the flow of the stream. Absent = 0;
Slight = 1; Moderate = 2; Pronounced = 3.

Instream Cover

Characterize the amount of instream cover as low, medium, or high.

Juvenile Abundance

A visual estimate of salmonid fry abundance as low, medium, or high.
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Table 9.1. (continued) Field descriptions for the Physical Habitat Survey form (Appendix J).

Field Form Name Description
Temperature Temperature measured in degrees Celsius.
Canopy Percent canopy cover assuming full leaf-out conditions. Note dominant tree

species.

Additional Features

The number of features encountered within the reach, including human-made
and natural.

Culverted Length

Total length of al culverts within the reach, in meters.

Sampling Frequency

Sample frequency; 30 meters every 160 meters, 60 meters every 320 meters,
or 60 meters per reach.
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Table 9.2. Expected species utilization (shaded) and passability (horizontal lines) for each
gradient stratum.

Gradient Strata (%)

Species 01 1-3 35 5-7 7-12 12-16 16-20
|Chum Salmon
iPi nk Salmon

iCoho Salmon

Sockeye Salmon
IChinook Salmon
Steelhead Trout

Searun Cutthroat

[Bull Trout?

Trout’

Y1 ncludes resident and anadromous bull trout/Dolly Varden
?Includes resident rainbow and cutthroat trout

Asarule of thumb areach break is made wherever a change in stream characteristic will affect
one of the measured parameters used to calculate species-specific production potential (gradient,
channel width, riffle area, pool area, bed composition, or habitat quality modifier). In addition, a
reach break is made at each human-made barrier feature encountered during the survey.

Changes in bed form that requires areach break are any change that significantly affects
pool:rifflecrapid ratio, substrate composition, or channel width. Bed form strata need not be 160
meters long to qualify asareach. An exampleisastream that has a significant gravel source
(feeder bluff), which provides good spawning gravel in riffle areas downstream but has boul der
and bedrock (gravel poor) upstream from this point. In this case areach break at the feeder bluff
is necessary to keep from biasing the gravel composition assessments regardless of the length of
riffle and bedrock areas above and below the feeder bluff. For another example, if a sediment
source is a sand bluff that changes bed composition to a high percentage sand (low percentage
spawning gravel) downstream and low sand (high percentage spawning gravel) upstream areach
break is also required.

Other bed form changes that require areach break are a change from aforested high quality
channel (high level of LWD) that emergesinto a highly impacted dairy or cattle grazing reach of
lower productivity (cattle waste, low LWD, or lack of stream bank vegetation and hiding cover).
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Natural Barriers

A waterfall greater than 3.7 metersin vertical height is considered a natural barrier to most fish.
A gradient barrier is a sustained gradient >20% for a distance of 160 meters, or when the channel
has a sustained gradient >16% for a distance of 160 meters and has a channel width <0.6 meters
in Western Washington or <0.9 meters in Eastern Washington as measured at the scour line
width (SLW). These criteriafor natural barriers are used when conducting habitat assessment
for prioritizing correction of human-made barriers. Refer to Chapter 6 for evaluation and data
collection requirements for documenting natural barriers.

Additional Barriers

Frequently, additional human-made barriers and water diversions exist which may need to be
corrected to realize the potential habitat gain above or below the primary barrier. When
encountered, record the Site Identification number for the barrier or diversion into the “additional
barrier” space in the field data notebook. Record the distance in meters above or below the target
barrier. Identify the method of distance measurement (belt chain, stream catalog, aerial photo,
USGS quadrangle) used to locate the barrier within the reach. Record the type of structure (e.g.,
water diversion, lake outlet screen, culvert, dam, fishway, or other) and record the location
(preferably the GPS position). Collect the site information and compl ete the appropriate field
form(s) for the type of feature encountered. Each secondary human-made barrier will appear as
an additional record in the FPDSI database. A reach break is made at each human-made barrier
encountered.

Comments

Note principal stream features, tributaries entering, seeps and springs, road crossings and other
human-made features, etc. asthey are encountered. Note natural features such as beaver dams,
log jams, cascades, falls, etc. Record the end of the survey and the reason for ending the survey.
Record the GPS coordinates and survey location (in meters from the beginning of the survey)
relating to comments made. Also, it isagood practice to record brief comments and GPS
coordinates for all habitat photos taken.

Sample Section

When conducting afull survey, the length of the stream is estimated from USGS quadrangle
maps (1:24,000), to determine the appropriate sampling frequency. For streamslessthan 1.6
kilometersin length, 30 meters of habitat is sampled for every 160 meters of stream length. For
streams greater than 1.6 kilometers in length, sample the first 60 meters of every 320 meters of
stream. This method results in approximately a 20% sampling level. Habitat surveys proceed
from the human-made barrier and continue upstream or downstream until a gradient or natural
point barrier isreached. All of theinformation described in Section 9.1 is collected.

If aRSFSis being conducted, the only departure from the FSis that only one 60 meter sampleis
collected for each stream reach rather than collecting a sample every 160 or 320 meters.
Everything elseisidentical between the two methodol ogies.

Pool, Riffle, Pond, and Rapid Physical Measurements

The stream is divided into four habitat types - pool, riffle, pond, and rapid. Pool habitat is
characterized by relatively deep, low velocity water and smooth water surface. A riffleisa
stream segment in which the water flow is rapid and usually shallower than the stream segments
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above and below. Rapids are high gradient (>5%) riffles with larger substrate and generally
contain “white water”. Runs and glides must be broken into riffles or pools. Surface flow
characteristics and depth should be used to distinguish whether a run or glide is characterized as
a riffle or pool.

Pond habitat is defined as a zero gradient reach having an average width at least five times that
of the average pool width and five times the average pool length in the downstream reach. Ponds
are treated as separate reaches and do not need to be 160 meters in length. In the event short,
high quality riffles exist between a series of high quality rearing ponds, exceptions to the reach
length can be made (<160 meters) to capture these high quality areas in the survey. Larger
freshwater bodies, such as perennial wetlands and lakes, are also classified as pond habitat for
purposes of data analysis.

For each habitat type, record the length, to the nearest 0.1 meter, within the sample section.
Record, to the nearest 0.1 meter, the stream wetted width and the scour line width (SLW) at the
first two pools, riffles, and rapids found within the sample section that are representative of the
conditions within the section. The width measurements should be taken in an area representative
of the average width of the habitat type, not in an area where the stream is wider or narrower.
Use either a staff marked for metric lengths or meter tape to measure width. Pond average
widths may be measured in the field using a hip-chain or range-finder laser or measured off an
aerial photo in the office if taking measurements in the field is not possible.

Record the average water depth to the nearest 0.01 meter at the cross section where each of the
wetted width measurements were taken. Take a minimum of three measurements that are
representative of the range of depths found in the cross section and average.

Scour Line Width

Measure the scour line width (SLW) perpendicular to the flow, from the line along a stream
channel created by scour and kept primarily unvegetated by running water. Includes everything
within the active channel where stream flow would be expected during the time of salmonid
spawning activity. Look for distinct marks, such as a line left by debris, pollen or silt, or a mark
made by erosion, destruction of terrestrial vegetation, or other easily recognized characteristic.
See Figure 3.3 in Chapter 3 for an example of where to take channel width measurements.

Substrate Composition

Substrate composition for pools, riffles, and rapids are visually estimated in each habitat type
measured. The method estimates the percent of total area of each sample pool, riffle, and rapid
measured that is occupied by each substrate category listed in Table 9.3. Both observers should
complete the process independently and then average their estimates into one sample estimate.
Be sure to consider all of the substrate within the active channel (SLW area).

For example, to estimate substrate composition for a sample pool, each surveyor would visually
observe the most abundant substrate type and estimate the percent of the total pool area it
occupies. Repeat the process for estimates of the second most abundant substrate type then the
third and finally the fourth or least abundant. Substrate particles are sorted by hydraulic forces
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that tend to group substrate particles of similar size categories. Once all four substrate categories
have been estimated they should be totaled and equal 100%.

Substrate composition estimates are very important because the production estimates for
spawning-limited species such as chum, pink, and sockeye salmon are calculated using the
estimated percent gravel by pool/riffle/rapid area.

Table 9.3. Substrate size classes used to characterize substrate composition.

MEAN PARTICLE DIAMETER SIZE CLASS RANGES
CATEGORY SIZE CLASS RANGE (mm) | SIZE CLASS RANGE (in)
Boulder >305 mm >12in
Rubble/Cabble 76 to 305 mm 3to12in
Gravel 5t0 76 mm 0.20t0 3in
Sand/Fines <5mm <0.20in

Gradient

Take at |east one gradient measurement per sample section. Gradient may be measured using a
clinometer or hand or tripod mounted level and stadiarod. Take the gradient over aslong of a
stream section as visibility allows, being careful to not shoot across meanders. Take back sights
when possible as a double check.

Habitat Quality Modifiers

Two Habitat Quality Modifiers (HQM) are assigned to each survey reach to identify the
productive capability of the habitat as described in Table 9.4. The HQM rating isused asa
multiplier of the habitat areato obtain H in the Priority Index (Pl) model (H= habitat quality
modifier x habitat in square meters). Since a separate production rate is used for each species
present in the Pl model and the production rate is calculated using square meters of spawning
habitat for species that normally do not rear in streams (chum, sockeye/kokanee and pink
salmon), and square meters of rearing habitat for species dependent upon stream rearing habitat
(coho, chinook, sea-run cutthroat, steelhead, resident trout, and Dolly Varden/bull trout), the
habitat quality modifier must be applied independently to spawning and rearing habitat. Often
the habitat quality modifier will be the same for both. However, in some situations, such as silt
bottom creeks, rearing habitat may be excellent (rearing HQM = 1) but spawning habitat is
reduced due to a high percentage of fines (grain size <0.85 mm) mixed in with spawning size
gravel.

The spawning habitat quality modifier is determined visually by estimating the percent fine
particle (<0.85mm) composition within areas/patches that are classified as “gravel” (5to 76 mm
diameter particles) substrate. The estimating procedure combines subjective evaluations of the
surface composition, silt plume characteristics as a boot heel is dug 20-25 centimeters (8-10
inches) into a“gravel” patch substrate, and the composition of several handfuls of the underlying
substrate. The procedure should be repeated several times at each site to estimate the percent
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fines (<0.85 mm) in the “gravel” for each reach. Refer to the criteriain Table 9.4, for evaluating
spawning habitat quality.

The habitat components or functions to be considered when assigning arearing habitat quality
modifier are riparian vegetation (shade, cover), channel morphology (pool/riffle ratio), undercut
banks, instream cover (LWD, boulder matrix), seasonal flow, and temperature. Components are
to be evaluated within the context of expected normal density, occurrence and function given the
stream gradient, elevation, and geographical location. Refer to the criteriain Table 9.4, for
evaluating rearing habitat quality.

Without formal training it may be difficult to assign the habitat quality modifiers. If training has
not been received, use a habitat quality modifier of 0.66 as a defaullt.

Table 9.4. Criteria used to assign Habitat Quality Modifiers to rearing and spawning habitat.

HABITAT QUALITY MODIFIER (HQM)

HABITAT HQM REARING HABITAT SPAWNING HABITAT

CONDITION |VALUE |[CRITERIA CRITERIA

GOOD TO 1 Rearing habitat is stableand in a Spawning gravel patches have <16% fine

EXCELLENT normal productive state with all particle sizes that are <0.85mm in diameter
components functional

FAIR 0.67 Rearing habitat shows Spawning gravel patches/riffles show
moderate/widespread signs of moderate/widespread signs of instability
instability and/or disturbance known | (scour/filling) and/or >16% to 21% fine
to reduce productive capability (one or | particle sizes <0.85mm in diameter
more habitat components missing or
significantly reduced presence)

POOR 0.33 Rearing habitat shows signs of Spawning gravel patches/riffles show
major/widespread disturbance likely to | major/widespread signs of instability
cause magjor reductionsin its (scour/filling) and/or heavy amount of
production capabilities (two or more | fines (>21% to 26% fine particle sizes
habitat components missing or <0.85mm in diameter) and/or embedded
severely reduced presence) gravels

NO VALUE 0 Rearing habitat severely disturbed so | Spawning gravel patches with >26% fine

that production capabilities are
without value to salmonids at this time

particle sizes <0.85mm in diameter
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Limiting Factors

If ahabitat quality modifier other than 1 is assigned to areach, indicate why. A simple note will
suffice (dairy waste, unstable channel, >16% fines, heavily embedded gravels, lacking riparian
vegetation, lacking instream cover, irrigation return water, high summer water temperatures,
stormwater, urban development, etc.).

Spring Influence

Calculation of the 60-day low flow requires identification of the degree of “ spring influence” as
described in the 60-day low flow methodology (Appendix L). The spring influence factor (Table
9.5) is used to minimize the reduction of measured wetted area in streams that have springs
contributing a substantial part of the flow during the low flow period.

The influence the spring factor has on the 60-day low flow calculated area ranges from no
influence (spring factor = 0), to completely canceling the reduction of measured wetted area for
the summer flow period and effectively saying that the stream runs at a constant flow perpetually
with no summer low flow area reduction (spring influence = 3). Few streams are unaffected by
summer drought, so it isimportant to use good judgment when applying the spring factor. Use
the guidelines found in Table 9.5 to assign the spring factor to each reach surveyed.

Table 9.5. Criteria used to assign a spring influence factor.
SPRING INFLUENCE FACTOR (SPRING FACTOR)

SPRING SPRING CRITERIA
INFLUENCE FACTOR
ABSENT 0 normal channel morphology with evidence of arange of flows (scoured pool

riffle sequence)

SLIGHT 1 rectangular cross section with minor variations in depth (less evidence of
scour and bed transport than above)
(low flow width = 1/3 scour line width)

MODERATE 2 as above but even less sediment transport and scour with low flat flood
plains and little evidence of freshet activity
(low flow width = 2/3 scour line width)

PRONOUNCED 3 bank vegetation established with a distinct line a small distance above the
water surface during summer flow period, heavy moss growth on the
exposed stream rocks can indicate freshet activity is very weak. Must flow
at nearly constant flow level year around

(low flow width = scour line width)

Water Temperature

Water temperature is taken for each stream reach using a hand-held thermometer calibrated for
Celsiusreadings. Temperature is recorded to the nearest degree. Note: WDFW recommends
using mer cury-free thermometers, which are readily available. Mercury thermometers should
not be used, since they are prone to break. Mercury is a toxic element, a known neurotoxin and
suspected carcinogen, and is harmful when it builds up in the environment.
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Canopy Composition

Visually estimate the percent of the wetted stream area shaded by the riparian vegetation while
assuming afull leaf out condition. Note the dominant tree and shrub species within the stream
corridor. One canopy composition estimate should be made for each reach. Periodic use of a
densiometer is advised to calibrate survey observations and to train new survey teams.

I nstream Cover

Instream cover includes large woody debris (LWD), undercut banks, large boulders, and close
overhanging vegetation located within 0.91 vertical meters (3 feet) from the water (WDFW and
Ecology 2004). Instream cover isvisually estimated as high, medium, or low. Theinstream
cover rating should be reflected in the rearing habitat modifier. One estimate of instream cover
density should be made for each reach.

Juvenile Abundance

A subjective visual estimate (none, low, medium, or high) of juvenile densitiesis noted by
species (if possible) for each stream reach.

Basin Area

The basin area (also known as ‘watershed’ or ‘drainage’ area) includes all water bodies (rivers
and streams) that convey water, as well as the land surfaces from which water drains into the
conveying stream channels. Each drainage basin is separated topographically from adjacent
basins by aridge, hill or mountain, which is known as awatershed boundary. When measuring
the basin area, consider all upstream areathat would contribute water to the point of the
beginning of the reach, or inventory feature. The basin areafor each reach surveyed is measured
off a USGS quadrangle map, using a planimeter or GIS software. See Figure 9.2, for an example
of delineating basin areas by reach.

9.2 Habitat Gain: Anadromous and Resident-only Fish Habitat

In watersheds accessible to anadromous salmonids, the potential habitat gain is aways calcul ated
from the human-made barrier upstream to the first natural barrier or end of fish bearing habitat,
whichever comesfirst. The net gainisrepresented by the connection of the smaller (upstream)
piece of habitat with the larger (ocean access downstream). Therefore the habitat gain will
always be upstream of the inventoried human-m