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SAFETY REMINDER FOR ALL CHaMP
SUMMER FIELD STAFE:

ANo | ob iadand mosaervicmp or t
so ugent that wecannottaketime to
perform ourwork safely. o

---Elliot Mainzer, Administrator and
Chief Exeautive Officer Bonreville
Power Administration

BPA Driving Safety
Reminder

Drive alert and remember thesequick four tips of GOAL (Get Out AndLook):

1 Before entering your vehicle, look forobstdes inyour path and pan howyou will avoid
them.

1 If traveling with another employee, ask thet person to beyour spotte.

1 Chooseparking locationsthat will limit therisk of bading accidents.

1 When possble, lad into aparking spot soyou can leave pulling out.

fwWalking aroundyour vehicle prior to backing is a lest piactice we can all use24/7 at
work, homeand ply. Yourcommitment to G@\L improves eveyoned safetyé . says
Brad Bea, BPAG chief safety officer.

Report any accidents to your respective CHaMRrew leader or supervisor.

THINK SAFETY ALL THE TIME

X Prepared by CHaMP for BonnevilRower Administration
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SECTION 1: INTRODUCTION

1.1 Policy Background

The 2008Biological Opinion (BiOp) on the Federal Columbia River Power System
(FCRPS) identified offsite mitigation actions, largely in the form of habitat restoration and
changes in land management, as a means to offset mortality imposed by the FCRPS on
anadromous salmonid$n 2010the Bonneville Power Administration (BPA) began
development of the Columbia Habitat Monitoring Program (CHatdP)eet FCRPS Action
Agency (2010) programmatic prescriptions for habitat monitpang also to help meet
adaptive management requirements andrgbhnescriptions of the 2008 BgO

CHaMP (BPAProject2011-006) is a fishcentric habitat status and tresrdonitoring
program designed for i mplementation across th
populations. e CHaMP protocol measuresthjuantity and qualitgf, and changem, stream
habitat for salmonid fishes of interest under the BiOp. CHaMP is the result of collaboration
among BPA, théational Oceanic and Atmospheric Administration (NOAA) and other regional
fish management agensieimplement a tributary habitat condition assessment pragram
CHaMP was also designed to help measure habitat responses to land management and stream
restoration actions bgvaluaing the effectiveness aestoration, rehabtition, and conservation
actionsacross the basin. In 2010, BBpecifically taskedhe Integrated Status and
Effectiveness Monitoring Program (ISEM))e of itsprojecs (Project No2003017-00) with
assessing and developing standardized monitoring protocols for fish andlitkt n the
Columbia River Basimandrecommenihg a habitat protocol for BPAunded Columbia River
Basin monitoring programstoado@®.ased on | SEMP&és initi al recom
2010), BPA and several collaborating agencies, with techamnchtoordination assistance from
ISEMP, began to build CHaMP through the development of a set of coordinated proposals.

To determine and define various elements of the CHaMP protocol, Bouwes et al. (2010,
2011) assessed the applicability of commonlydusttributes in stream habitat monitoring
protocols, reviewed fish habitat requirements in the context of stream habitat attributes and
geomorphic processemndassessed whether existing habitat protocols provided information that
relates the quality oftseam habitat to fish productiorThis culminated i draft habitat
monitoring protocol for projects that support the FCRPS and salmonid recovery planning.

The methods and approaches were field temtedrevisedy ISEMP during the summer
andfall of 2010. At the same time, ISEMP data collected in the Wenatchee and Entiat subbasins
since 2003 were analyzed. Finally, a rule set (see below) was used to evaluate all possible
metrics and indicators envisioned during the protocol development proceasweth
documented in other protocols. Results from both field testing and data analyses were used to
define and refine the list of metrics and indicatoduded in the CHaMP protocol in 2011
(Bouwes et al2011). The2011 pilot year representgdar one of protocol implementation
under the CHaMP sampling design.

1.2 The Basis for CHaMP

Anadromous salmonids spawn and rear in most of the accessible streams of the Pacific
Northwest, and it is reasonable to assume that the quality and quantdyitat im these
environments determines multiple population processes of these fishes. Tributary habitat
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monitoring programs are expected to describe the physical and biological characteristics of
stream habitat across the range of these target spedibsth the development and success of
management plans will in part be based on this informatfids is predicated on the
management community understanding how habitat characteristics change under different
management scenarios, and how this changéamates vital parameters at different salmonid
life stages. However, considerable uncertainties still exist as to how management strategies
improve salmonid habitat to lead to recovery of listed sped\édsle empirical modelsq.g.,
regressions) may iptove our understanding and help identify patterns, their ability to predict
future outcomes under different management sceniariosited. A mechanistic and process
based understanding has greater potential to extrapolate observed patterns acaossqpaee.
Therefore, monitoring programs must collect information that is rich enough to allow further
discovery and testing of presently unknown and potentially important complex interactions from
the watershed, population, and within watershed extersgalmonid population dynamics. At
many of the locations where the CHaMP protocol is implemented fish surveys are also
conducted, allowing for these fidtabitat relationships to be tested and developed.

CHaMP was designed to measure stream charaateriktit impact fish performance.
Ecologissoftenevaluatean or gani s moés r e s ply msasuringsorrogatessto e n v i r ¢
fitness, such as growth, survival, and reproductive output. When combined with measures of
organism abundance, these surrogetesbe used to estimate population production, an
informative populatiodevel performance metric (Almodovar et al. 2008he process of
identifying indicators of habitat characteristics that affect salmonid performance begins by
linking environmentaldctors to measurements of salmonid growth, survival, and production.
Characteristics influencing salmonid performananitored byCHaMP can be summarized as
stream temperature, production, and morphold§ater quality can also influence fish
performancebut the ability to monitor this is an extensive effort and CHaMP will defer to water
guality monitoring programs to collect this information. Stream temperature, production, and
morphology are influenced by the landscape, land use and stream restargierwe provide a
very brief summary of how habitat responds to the landscape, and how habitat influences
salmonid vital parameters. A more complete discussion was providedZ@lheersion of the
CHaMP protocol document (Bouwes et al. 201¥pre in depth discussions can be found in
Spence et al. (1996).

1.2.1 Temperature

Temperature influences nearly every physiological proceas @fganism. For
salmonids, this can be summarized as effects on consumption, respiration, processangyof
andwaste, activity, and growttievelopmentates. These effects of temperaturgumenile and
adultfish physiology are well documented in bioenergetics models (Hanson et al. 1997).
Temperaturgin turn,is influenced by hydrology, channel morphology, apdrian vegetation
and is thus influenced by multiple processes that are influenclathdbyise sotemperature can
be an excellent indicator of impairmentariables affecting temperature include canopy cover,
riparian vegetation, topography, stream tivjed material, channel morphology, and local
climate and can be measured duri@giaMPassessmenty viaremote sensingata
Temperature can be measured with temperatureetsgy fine temporal resoluti@md also at a
finer spatial resolution with thermal infrared aerial photography (Torgersen et al. 2001).
CHaMP, water temperaturemeasured via loggers at all sigasd the mformation will be
modeled to extrapolate between sites.

2 Prepared by CHaMP for BonnevilRower Administration
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1.2.2 Production

Measuring produabin across trophic levels in stream food webs is an enormous effort
and impractical for rapid assessment prograatlSHaMP evaluateproxies to this important
driver of fish production. Production of food for fish is potentidiéggermined by withirstream
primary production, such as algal production, and terrestrial inputs such as riparian invertebrates.
Factors driving primary production are nutrients, sunlight, substrate, flow regime, and food web
dynamics.CHaMP does not measure primary productionratiter some of these influences:
we measure alkalinity and conductivity which can be indicative of parent bedrock material that is
responsible for nutrient inpytand we measurenopy cover, riparian vegetation types, and
solar input to describe sunligand terrestrial inputsWhile we measure discharge at the site,
continuous flows are measdrBy nearby stream gauges or estimated by models. A direct
measure of the food source of salmonids may prove to be the most effective means to estimate
food pioduction. The main food source for salmonids is aquatic and terrestrial
macroinvertebri@s (Filbert and Hawkins 1995) withe majority of their food items consisj
of invertebrates drifting in the water column (Cada e1887; Romaniszyn et al. 2007) hus,
thecollection of invertebrate drift is perhaps the most direct measurement of food availability
(Filbert and Hawkins 1999%nd is the approach used in CHaMP

1.2.3 Channel Morphology

Channel morphology affects how and where salmonids foratjeaupy refugia from
water velocity, temperature, predators, and competitors. The distribution of channel attributes
such as large wood, substrate, and fish cover also affects how fish make a living. For example,
an effective foraging strategy is maxmize encounter ratesith drifting invertebrateghigh
velocity) while minimizing energy expenditures through swimming (low velocity). Thus,
salmonids willoftenhold in low velocity positions that offeearchingaccess to high velocity
zones such aséhhead of a pool, or behind boulders, cobble, and [dgese structures, along
with overhanging banks and vegetation, may also provide refugia from avian, mammalian, and
fish predators. In addition, juvenile salmonids may bury into gravels to avoidtpredextreme
temperatures, and flows. These gravels are also important for spawners to deposit their eggs
into. Fine sediments may fill interstitial spaces between gravels and suffocate eggs or prevent
juveniles from concealing. Fine sediments mag atsluce suitable substrate for invertebrates,
and periphyton. CHaMP measures channel units and gradient as a course scale distribution of
water velocities and depth. Stream topography is also collected and can be used to create
hydraulic models to obtaifine scale resolution of velocities. For each channel unit, substrate
type, large wood, fish covee.q.,vegetation, undercut banks) are recordiediast water units,
CHaMP measurdse size of streambed patrticles to evaluate fish velocity refagja¢obble
and boulders). In addition, the amount of fine sediment in-{adlslwhere salmonids generally
build redds is also observed

The factors described above cannot be ew isolation but represent the decisions
salmonids must make within ayjaeason, or year to balance the trafte of where to feed,
hide, rest, and spawrGreater habitat complexityas a higher likelihood of containing the
conditions needed and reducithg distance fish must travel to balance risks to predators,
velocities, temperatures, and foraging. The relative distribution of depths, veldarteswood
substrate, temperature, undercut banks, overhanging vegetation, and backwaters can be used to
describe habitat complexity (Harvey 1998, Harvey et al. 1999). Kun& of geomorphic
channelype, channel unit type, and the distribution of channel unitgpproximate this
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information about how habitat complexity affects the survival of saldhspecies (Bisson et al.
1988;Bisson et al. 2006).

1.2.4 ChannelDynamics

Channel dynamics are influenced b trate of delivery of water and sedimesetjiment
size,gradient, geology type, tributary inputs and structuees. (arge wood, beaver dams, and
boulders) Therefore, geomorphic characteristics are crdagetie interaction of water and
sediments within a valley type. How sediments and water are transported to the stream is
another means by whidand usecan impact streamdViany variables can be measured to
provide information on the various processesalibed above; however, rapid asseent
approaches need to capture gross indicators of change ldné teseactivities. The major
factors that these processes affect can be directly measugete(nperature and discharge), but
an indication as to kay these factors are in their observed state will be more informative as to
how land usds impacting streams and if tegsation opportunities existVariables affecting
geomorphic and hydrologic presses include sediment size godntity, structuregg., large
wood), gradient, discharge, chantaographylocal climate and riparian vegetation.

A review of juvenile, spawner, and egg life stages of salmonids is used here to provide
insight into factors that might be measured to describe habitatyqualthough habitat quality
is important, habitat quantity can limit the production of populations as carrying capacity can be
achieved very quickly when low amounts of adequate habitat is available or when populations
are very high (density dependencefabitat quantity is often defined with areal dimensions but
territories, foraging opportunities, predator avoidance and thermal and velocity preferences can
occur in three dimensions and thus volumes may be a more relevant description. Both habitat
guality and quantity can be influenced by land management and stream restoration. Linking the
information collected from CHaMRith a mechanistic and procelsased understanding will aid
in achieving these goals.

1.3 The CHaMP Protocol

CHaMP relies on a simg protocol that emphasizes a systematic, programmatic approach
to data collection and manageméeritom equipment pregrationthrough data QC/QA
procedure$ that is implemented across multiple gaiictions. The CHaMP protocol is designed
to maintain tle rapid nature of existing stream habitat protocols and to collect data that fits
within a geomorphological hierarchgpanning spatial scales ranging from withimt
topographical features to channel units to geomorphic reaches to watershed and scaleasin
The protocol is structured arouddscribing salmonid habitatot onlyin how it directly relats
to the specific life history requirements of the salma@mdces but alsan how land
management and stream restoratiaght influence habitatThus, habitat is the nexus by which
tributary actions defirleunder the 2008 BiOp result in changes in ESA listed salmon and
steelhead population growth. The CHaMP protocol can be divided into two cantgdine
survey design which describes how sites are distributed in space and when they are visited, and
the response design or the methods used to collechtdatate.

1.3.1 Survey Design

The CHaMP survey design is constructed to detect status and teselect habitat
indicators at three spatial scales: 1) across all watersheds, 2) across salmon and steelhead
populations, and 3) within each watershed(by valley type or geomorphic reach type).
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Status is described relatively over these extentsfaequency distribution of the metric scores
inferred from the spatial/temporal design with indicators derived from these distrib@igns (
mean, median, achievement of a particular criterion, spatial pattern, and differences among
component waterskg). The absolute status is the extrapolation of this distribution to the spatial
extent. The ability to estimate the status of a particular stream habitat indicator improves with an
increase in the number of unique sites. At its simplest, trend isssqa as some underlying,
consistent€.g.,linear) change over the duration of the study. The ability to detect a trend in a
particular stream habitat indicator improves with site revisits through time. As more data are
collected over time, it might @ossible to describe patterns of chargg.(wet vs dry years) in
addition to an underlying linear change across these extegtsmiprovements due to stream
restoration).

CHaMP uses aurveydesign based on panels to achieve a reasonable balaitee in s
allocation to meet status and trend objectiv@ites are selected based on a spatially balanced
design (EPAOGs generali zed ,iSteversd antOlse@3s280%1 at i on
that distributes sampling effort across a stream netwotk that unbiased, representative
samples can be collected at discrete monitoring locations. Within each watershed, half of the
yearo6s sites are allocated to an annual panel
year period, CHaMP willgenart e a new Aunique sited panel eac
three panels for future three year cycles. As a result, the annual set of trend sites becomes a set
of sites to which a linear model can be fit in as little as three years, but also allampla size
of 25 for a status estimate each year and about 50 for an aggregate three year status estimate. To
capture both status and trend, monitoring must occur for three cycles of-gehresampling
panel, or at least 9 yearSampling is conducteid wadeable, perennial streams below natural
impassible barriers within Technical Recovery Team (TRT) population boundaries.
Measurements collected at individual sites are used to derive the generatioievisiteetrics
from which watershedcale indcators are constructed. The inference design describes the
process used to estimate indicators for the watershed based on metrics collected at the sample
sites. This may occur for a single time period resulting in a status estimate for the indittator or
may involve making estimates across multiple time periods when trends are of irG#teMP
will characterize stream responses to watershed restoration and/or management actions in at least
one population within each steelhead and spring Chinook Najpulation Group (MPG) that
has or wil-i nbaweodutiof insohni t ori ng.

1.3.2 The Response Design

The CHaMP response design draws together methods from many existing protocols as
well asrecentlydeveloped approaches to collecting and analyzing temperature and channel
morphology. The CHaMP response design falls into two major groups: collection of topographic
data (X, Y, Z points) and collection of néopographic habitat attributes.§.,LWD, sediment,
fish cover, etc.).CHaMP takes advantage r@centmethods and technolmgl toolssuch as
GPS, total stations withdkible mapping software, LiDARghotogrammetry, and sonavhich
areeasier to use and allow more accurate surveys of topogtiaghyrevioushavailable Two
field personnel will collect the topographic survey data, and a third person will collect the
auxiliary habitat data.

Sampling occs at sites that are approximately 20 times the bankfull width in length
within a discretggeomorphic channel type (Montgomery and Buffington 1997, Beechie et al.
2006). A total station is used to delineate and record the perimeters of channel units to create a
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planform view of the site that depicts the arrangement of channel units. Chaisare
classified based on a slightly simplified Hawkins et al. (1993) system. Using a hierarchical
classification scheme allows summarization of channel units at different levels of resolution
depending on the question asked, and allows comparisdaheohabitat classification schemes
that may be used by other protoc@sy(,pools and noipools). This information can be used to
estimate areas and volumes of channel unit types.

The total station topographic survey is also used to generate a $ogiticn Ogital
ElevationModel (DEM)of the site. A total station survey requires two people. One person
operates the survey instrument while the other person places a stadia rod and prism along
topographic features. Approximately 50000 points aréypically collected with the total
station in a day of surveyingl'hese points capture the major grade breaks in the streambed and
bank topography. Gradient lines are used to capture distinct features suchbfasaok, edge
of-water, and bankfull indators. The spatial information collected during the total station
survey is referenced to a known point (collected from GPS) established by the surveyors and
compasslerived orientation.

As thesite topography is being surveyed, the third crew memblerct® stream habitat
attribute information€.g.,substrate composition, etc.) for each channel unit, and makes
estimates of large wood, substrate type, undercut banks and other fish cover. This auxiliary
habitat data provides distributional informatimmd allows identification of interactions between
channel morphology and structural attributes. For example, Chinook prefer to spawn in riffles
located near large wood cover rather than in riffles with similar substrate characteristics but
without cover. Crews measure 210 streambed particles in fast water units and fines-tailsool
The sum of the channel unit level information can be summarized by unietgp@gols) or by
site, as is commonly done in other habitat monitoring protocols.

Habitat dtribute information collected at the site level includes: macroinvertebrate drift,
alkalinity, conductivity, temperature and stream discharge. Drift nets are placed above the site
and collect drifting benthic and terrestrial invertebrates over the cotitise survey. Discharge
is estimated at a suitable cresection using the EMAP protocol (Peck et al. 2001). Temperature
probes for air and water are deployed to take hourly temperature for 1 or 3 years, depending on
the watershedpecific temporal dégn that is used. Finally a site map is drawn for each site to
document qualitative information such as human influences and disturbances, as well as
benchmark locations, channel unit locations, and other distinguishing characteristics. Certain
site leveé attribute information is collected at transects throughout the site. Information collected
along transects includes an estimate of the amount of solar radiation entering the stream and the
characteristics of a 10 m x 10 m plot of riparian vegetatiomtwis noted on both banks at these
transects.

With the CHaMPresponse design, a spatially explicit representation of the site (3D map
of the site with location of attributes such as wood and cover) is captured and stored digitally.
Retrospective analyset spatial scaddiner than the reach, such as hydraulic jumps or channel
units, are possible in the evehatwe discover more powerful fishabitat relationships.

6 Prepared by CHaMP for BonnevilRower Administration



Salmonid Habitat Protocol for CHaMP

1.4 Metrics and Indicators

Metrics and indicators are the units of information mus&tful and relevant to making
inferences and decisions about the management of salmon habitat. Metrics are discrete
summarizations of reality resulting from the reduction or processing of measurements taken at a
site within a particular temporal periodichdiffer from each other by the spatial and temporal
scales, and by the level of scientific sampling design, used in their creation. Indicators result
from the reduction of metrics across sites and temporal periods. In both cases, metrics and
indicatorsare the common language among data collectors, scientists, and natural resource
decision makers, even those involved in different monitoring programs. A measurement and
related methodology was included in the CHaMP protocol if it were used to calcuolate@
that met each of the following three rules:

1) Information Content Habitat metrics and indicators must provide information
directly related to salmonid productivity, including survival and growth, as documented by peer
reviewed literature, modelg, or existing data analysis.

2) Data Form Habitat metrics and indicators must provide statistical information
with robust data quality. The data generated for a prospective metric must be repeatable, detect
heterogeneity, and have adequate propeidramodeling/statisticse(g.,variance distributions
must meet statistical assumptions for modeling or testing).

3) Feasibility.: Habitat metrics and indicators need to be generated by field tools or
software that are readily implementable as of the fieié testing in fall 2010i(e., does not rely
on future technological advances). Feasibility is also bounded by the need to fit all survey work
within a threepersonday field survey at 890 percent of all sites likely to be encountered.

1.5 Data Management and QC/QA

Topographic survey data and auxiliary data will be captured using separate data logger
applications. Auxiliary data (wood loading, substrate composition, etc.) will be cdptuee
single crew member using a handhe#da logger As thecrew member completes sampling
they will enter data into forms under the Site, Channel Unit, and TransecF@bsategorical
data, the appropriate value will be selected from a pull downHist.numeric data, values will
be entered using an -@ereen numeric padNumeric values that fall outside an expect range will
produce a warning to the crew membeatasks the crew member to review the value and to
either accept the value as a correct value or enter a new Vdlisawarning system will lii
the potential for entering erroneous détawever it does not prohibit crew entering of extreme
values. Additional warnings will be triggered if required values are not entered for a given data
form. A detailed user guide will be provided for thexiliary data entry application.

Data quality assurance review will be conducted on a daily basis by crew members and
on a weekly basis by the crew supervisor. The QA review will test for completeness, outliers in
numeric data, and outliers in basic suamypnmetrics. At the end of each day, the crew member
will be prompted to verify the number of channel units, total wood pieces, and number of drift
samples. Additionally, the crew will be prompted to review any values recorded as a missing
value. Nextle crew will view and verify any numeric outlierBinally, a short series of graphs
will be presented to allow the crew to verify graphical data against their mental image of the site.
At the end of each week, the crew supervisor will perform a siauidit of the data.
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It is the responsibility o€EHaMPcrews to process their own topographic survey data.
Data quality assurance for the topographic survey data pékee at four checkpoints within the

flow of data from origination on the total statitindata storage and web availabiljfrgure 1)
These checkpoints will reduce the likelihood of data errors compounding throughout data

processing. The four checkpoints are:

should be produced within one week of initial data collectidaving field crews create, review,

1.
2.
3.
4.

Data origination (total station)

End of day data review (total stationtaldogger)

End of week data processing and review (laptop)

Centralized database checks (CHaMP data system)

The crew lead is responsible for creation and submission of the original point file, a lines
file (breaklines), a clean TIN, and a quality assice report (table in geodatabase). These

and edit TINs is part of the quality assurance process@pdensure that data have been

collected properly sice, in our experience, conducting a topographic survey results in a vivid
memory of the sit@ morphology. Thus, the field crew is in the best position for making the

appropriate edits to the TINs to reflect the sitg(connecting of gradient breakbs, removal
I eve

of

ownership of the data, a visual goal, and a feedback loop that will improve future surveys.

f al
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1.5.1 The Importance of Data Integrity

The products of the CHaMP survegsd.,DEMs) will allow for the calculation of more
channel geomorphology metrics than will be used by CHaMP as indicatgr®#énkfull width,
cross-section widthwetted width, widtkto-depth ratio, floodplain widthetc.). These additional
metrics will allow CHaMP channel geomorphology data to be used by other monitoring
programs.The development of high resoluti@EMs will provide richer and nre accurate and
precise informatiorior several applications, including hydrauinodeling fish habitat models,
and sediment budgeting, than cresgtional approaches (Wheaton 2008, Wheaton et al. 2010).
In addition, the creation of DEMs does not requioccupation of monumented cregstions
(Brasington et al. 2000), and is more flexible in the ability toaextinformation that is
comparale to other protocolse(g.,acrosssection at a desired resolution can be extracted from
a DEM) with greater repeatability (Wheaton 2008).

In addition, the mlogical and physical reach information collectlgdCHaMPwill be
used inmodelsthatestimate fish responses to the envirentwith a mechanistic basislhe
synthesis of this informatiowill provide metrics of fish performance that are meaningful and
intuitive. Therefore, strict adherence to the CHaMP protocol, techniques, and error management
(QC/QA) is essential to ensutteat data are collected and processed correctly, that values fall
within acceptable ranges and tolerance | imits
in additional CHaMP data analysis steps and/or modeling processes such as using DEMs for
hydraulic and fish habitat models, and for sediment budgeting.
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SECTION 2: SAMPLING DESIGN AND SITE SELECTION

The CHaMPmonitoring design isomprised of four component designs as advocated by
NCEAS (2010):

1)

2)

3)

4)

The spatial design, which describes hotesivill be selected for monitoring from the
spatial domain;

The temporal design, which describes sampling frequency and revisit schedule for
monitoring sites;

The response design, which describes what and how measurements are taken and how
site-level metrics are calculated, and

The inference design, which describes how indicators are estimated frdavsite
metrics across a population and time period.

This section provides details on the spatial and temporal design.

CHaMP monitoring watersheds weselected to represeat least one population within

each steelhead asgringChinook MPGw h i ¢ h h av e, fiseind waifidlboutdh av e, A
monitoringasidentified iINnRPA 50.6(AA/NOAA/NPCC RM&E Workgroup 201D Selection

of monitoring sites within watersheds follows B&TS desigrthat aims to achieve spatial

balance between a simple random sample and a systeaanite (Stevens and Olsen 2003,

2004). The GRTS algorithm results in samples that are digdladross a target population that

is defined based on monitoring objectives. The CHaMP target population will be drawn from the
NationalHydrographyDataset Plus (100kscale) using the following criteria:

Wadeable streams

Perennial streams

Below natual impassable barriete salmonid migration

Within TRT population boundaries

Within theunion of TRT poplationboundaries Wwere multiple poplationsexist

Accessible within institutionatrew safetyconstraints

The CHaMP statistician will work with pyect collaborators to finalize sample allocation
during the spring of the initial sampling year.

2.1 Site Allocation
2.1.1 Spatial Design

CHaMP monitoring watersheds will be allocated funding to sample 25 sites in each year,
with some exceptions for watersheds with overlapping TRT populations. Sampling effort will be
balanced across valley type (source, transport and response valley s@gmetandownership

since some indicators and site accessibility are dependent upon these factors. Crossing two
landownership levels by three valley types creates six unique subsets of the target population,
called multidensity categories. All potentisites within a CHaMP watershed will be allocated

to a multidensity category within the target frame. Based on the distribution of sites across the
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categories, samplesay beallocated to ensure even distribution of the sample effort across
categories rad to ensure statistical power for indicator estimation. Under the default scenario
each multdensity category will receive 4 samples.

2.1.2 Temporal Design

The temporal design for CHaMP monitoring watersheds will follow one of two possible
panel desigs, where @anel is defined as a set of sites that have the same revisit scHealule.
watersheds where trend estimation is of primary concern, a single annual panel design will be
used. Under this design all 25 sites will be revisited on an annual Fasplit panel design
(Figure2) will be used for watersheds where there is a need to balance status and trend
estimation. Under the split panel design 13 sites will be revisited on an annual basis and 12 sites
will be allocated to each of three rotating panels that will be visited every three years.

The motivation of these two temporal designs stems from a need to balance the power to
1) estimate status of the populatioragtoint in timeand 2) estimat&ends in the population
across time While status is best estimated bymaing as many sites as possible across the
broadest geographical distribution, trends are best estimated by repeated sampling of the same
set of sites over timeEstablishing two or more pangisovides thegossibility to balance
priority of status estimtion versus trend estimation

Year

Panel 1 2| 3| 4] 5 6] 7| 8 9
Annual
3-year panel 1
3-year panel 2
3-year panel 3

Figure2. The split panel design to be used by CHaMP in watersheds where status and trend
evaluations need to be balanced.

2.2 Site Evaluation

The goal of site evaluation is to relatethie-ground reality to the sample frame and to
assess conditions that may | imit a field crew
(during the two previous steps) sites in the sample frame are assigned tedensitii category
based on one orane attributes derived from GIS. However, the GIS layers may not accurately
represent othe-ground reality and therefore during site evaluation a local biologist evaluates
sites to verify that they lie within the range of the target population anchthatvere correctly
assigned to a muitensity category. If a site was incorrectly assigned, the site is rejected from
sampling and the error is noted. The site ev
attributes determined frothe GIS layer, rather it provides information about error in the sample
frame and supports statistical procedures to account for underlying error in the sample frame.
Evaluations of sites relative to the sample frame are unlikely to change and therefore only need
to be erformed once.

The second objective of site evaluation is to assess conditions that may limit the ability of
field crewsd6 to access the site. The two pri
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permission. Each institution may have its own policigarging field crew safety and sites

should be evaluated against the institutional constraints of the field crew who will be conducting
field sampling. Collaborating agencies must document any institutional safety constraints and
get approval for these cstmaints from the CHaMP coordinator to ensure the adequacy of the
final sample design.

Private landownership may also limit access to individual sites. Prior to sampling sites
that require access through private lands, access permission must be olrtaatigdrom the
landowner. Private landowner permission must be clearly documented. Access conditions may
vary from yeaito-year and sites that are scheduled for revisiting may need teehvalteated
prior to each visit.

Site evaluation will be complee d f o A Fie@ldWMamugl of &cientific Protocols for
Site Evaluation within th€olumbia Habitat Monitoring Prograan pu bl i shed by | SEM
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SECTION 3: SURVEY WORKFLOW

This section describes an idealized workflow foh@emember survey crewThe Pecific

workflow of anorganization or crew may further depend upon the number of crew members and
availability of data loggers and other sampling equipment. Auxwmiemkflow refers to data
collected (i.e. channel unit attritast) thatareindependent fronthe topographic surveyatal

station and prism rod)Topographic survey workflow will vary depending on the complexity

and size of stream as well as surveyor/rodman experience.

1) Locate and establish the bottom of site.

2) For naw sites, two people identify bankfull elevations, measure bankfull widths, and
determinghewidth category. At revisits, crew members identify bankfull elevatigvidth
category will be predetermined revisits

3) Two members (auxiliary and rodman) layt the sitdransect@and identify/flag channel

units.

Meanwhile, theotal station operator (gunner) establistaasl surveysew

benchmarks at new sites dodates and reccupies benchmarks at rewvssitWhen the
rodman completes laying out the shie/sheeturrsto assist gunner with benchmarks and
begirs thetopographic survey.

4) Auxiliary Workflow:

a.

b.
C.

g.

After laying out the site and while at the top of site, establish drift nets and collect
water chemistry and top of site marker information.

Work downsteam collecting transect information (photos, solar input, and riparian).
Proceed upstream collecting all channel unit level information including: ocular
substrate, fish cover, wood, pool tail fines, and undercut banks. fiplué site,

check drift nets

Work downstream collecting pebble count measurements and measure discharge.
While at the bottom of site, collect benchmartonumentand bottom of site
information.

Draw site map, establish/collect information on watempterature loggers, and

collect control point information.

When complete, collect drift nets and assist topographic survey crew with brush
control or an additional rod.

5) Topographic Workflow

a.

b.

After surveying benchmarks, traverse to stream and surveys@dortg the bottom of
site crosssection(transect 1)

Rodman works up oneds of the stream collecting a combination of edge of water,
top of bank, and toe of bank points until there is no longer a line of site between the
total station and prism.

Rodmarnworks back downstream collecting thalweg, topographic, and channel unit
points within the stream channel. For larger streams, only sample half of the channel.
Rodman works up opposite side of the stream (see b.)

Fill in additional inchannel points (istads, bars) and capture topographic points in
the floodplain.

Rodman reviews survey datal station. Gunner biecks backsight and traverséo

new station location.

Repeat steps-funtil entire site is effectivelgurveyed Finish by surveying points
along the top of site crossection(transect 21and checking backsight
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SECTION 4: SITE LAYOUT

References Harrelson et al1994).

Equipment Flagging, rebar, monument caps, hammer, identificatics) tagasuringape, GPS,
compass, and map.

4.1 Locating New Sites
Objective:Determine the location for establishing the bottom and top of the site.
Step 1. Navigate to the Xsite location using provided coordinates.

i.  The X-site location is the mighoint of a kilometetong sampling area.

ii.  The X-sitemust be within the stream channélyour coordinates do not fall within the
stream, navigate to the closasfjacenpoint along the stream channel and consider this
your X-site location.

Step 2. Establish the bottom of site location

i.  The bottom of ge locationrepresents the downstreanost extent of the site survey
whichis ideally the Xsite.

ii.  The bottom of site may be shifted up or downstream from tegeXas long as the entire
site falls within the one kilometer sampling area.

a. A siteshouldnat contain inflowing tributariesShift your site to avoidributaries
contributing >16% of the total stream flowhen possible

b. If your site isvery long(width category022 m), shift the bottom ofsite
downstreanof the X-site. This will ensure the site does not extend past the 1 km
samplingarea

c. Place the bottom dhesite at a channeinit break when possibl&ever establish
the bottom of site in the middle of a pool.

d. Shift the bottom of sitéo be contained within one amaelclassif the site falls
within a distinct boudary between 2 channel classegy(,mouth of bedrock
canyon opening to broad alluvial valleypo not shift the site to avoid manade
obstacles such as bridges, culvertsyrap, or channelization.

iii. Recordthe bottom of sité&sPS coordinates at the center of the wetted channel.
Step 3 Identify bankfull elevation.

The bankfull elevation is the locati@tongthe stream banks where the strefow fills the
channel to the top of the banks and the wiaggjins to overflow onto the floodplain (Leopold et
al. 1964).

Identify the bankfullelevationusing the indicators defined by Harrelson et al. (199 pinlel.
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Several indicators should be examined to properly determine baeldwdition

Indicators should be more distinguishable at-nonstrained channel types where the
tops of point bars, changes in substrate, and permanent vegetation may be the most
reliable indicators.

In constrained channels, especially those dominated by boufdklsedrock substrate,
indicators may be more difficult to identify. Under these circumstances the crew may
have to depend on stain lines, or move further up or downstkarsiteto find reliable
indicators.

Tablel. Types ofindicators used to determitiee bankfull elevation af site.

Indicator Description

Change in Slope | The change from a vertical bank to a horizontal surface is the bes
identifier of bankfull, especially in logradientmeandering streams.
Many banks have multiple breaks, so examine banks at several
sections of the site for comparison. Slope breaks also mark the €
of stream terraces which are old floodplains above the active ban
elevation Terraces will genaily have soil structure and perennial
vegetation. Avoid confusing thedevationof the lower terrace with
that ofbankfull, they may be close in elevation.

Top of Point Bars| Point bars consist of bed material deposited on the inside of mea
bends. The top elevation pbint bars usually indicates the lowest
possible bankfull stage. Multiple point balevationamay be left
from flows both above and below the bankfull elevation.

Change in Look for the lower limit of perennial vegetation on the bank or gps
Vegetation break in the density or type of vegetation. Often willow and salder
form root lines neathebankfull elevation The lower limit of mosses
or lichens on rocks or banks, or a break from mosses to other pla
may also help identifthe bankfull elevaton.

Change in Bank | Look for changesn bank particle size, usually from coarse particle
Materials to a finer particle matrix (which is often associated with a change
slope).

UndercutBanks | Look for bank sections where the perennial vegetation fardense
root mat. Feel up beneath this root mat and estimate the upper €
of the undercut. This is usually slightly below bankfull stage.
Undercut lanks are best used as indicators in steep channels lacki
floodplains.

Stain Lines Look for waterines on rocks that indicate where rocks are frequer
inundated. Stain lines are often left by lower, more frequent flows
stain lines should only be used to assist in identifying bankfull alo
with another indicator or when no other indicators texis site.
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4.2 Site Layoutfor New Sites

Objective Determine width category, place transects, establish site markers, benchmarks, and
benchmark monuments.

Step 1 Determine the site width category and site length.

i.  Measure and record the bankfull wWicgperpendicular to thigankfull channel at the
bottom ofsite.

ii.  Measure and record 4 additional bankfull width measurements at distances ugasream
measured in a straight line from the center of the wetted chargehl to the first
bankfull width measrement.

iii.  Average the 5 bankfull width measurements and coitalile 2to determine the site
width category and site length.

iv.  Note I f one of the five measurements falls
exclude the port i ofrom yodrwittihreeasuremheatn d O bankf u

Table2. Width categornandsite lengtls according to the average bankfull width determined
during site layout.

Average Bankfull Width Category (m) Site Length (m)
Width (m)
06 6 120
>6 amBd O 8 160
>8 ar@ O 10 200
>10 aid ( 12 240
>12 amd ( 14 280
>14 aisd ( 16 320
>16 aisd ( 18 360
>18 a20d ( 20 400
>20 a2ed ( 22 440
>22 aadd ( 24 480
>24 a26d ( 26 520
>26 a8d ( 28 560
>28 30 600
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Step 2. Lay out the site.

Eachnewsite will consist o1 transects spaced at intervals equdhwosite width category
(Table 2)

i. Locate the center of thmainwettedchannel at the bottom of the site and establish
transect 1placing transect flags perpendicular towettedchannel

ii.  Stretch a tape from the center of thainwetted channel at transect 1 a distance equal to
the site width categorgnd establish transect 2ll tape measurements are straight line
distancesi(e.,do not measure along the thalwadgoend the tape around meander bgnds

iii.  Continue this process of establishing transects upstrean2intéinsects have been
established. Transe2i will always be the top of site for newly established sites.

iv.  In braided sections, follow the center of the mehannel é.g.,the channel containing
the greatest amount of the total flow).

Step 3. Estaliish a minimum of 3 benchmarks.

Properly establishedenchmarks armtegral to reoccupying a survey coordinasgstem at
subsequent visits. sEablish benchmarks that can be surveyed repeatedly over manyNears.
site survey establisitbenchmark locationandthe coordinate system that will hesedfor future
surveys. Therefore, it is imperative that benchmbgksstablishedith the following criteria:
stability, ggometryandintervisibility.

Stability refers to placing the benchmsi locatiors that will be unaltered by natural processes
or humans. Geometry refers to placing benchmiarlkslarge equilaral triangle as far apart as
possibleInter-visibility refers to the abilityfo see each benchmark location from the other
benchmark locations.

i.  Characteristics oftimal benchmarkocationsinclude (Figure3):
a. Locations outside of the actigtreamchannel.
b. The ability to acquire a reasonable GPS sigaetracymust bdess thariL5m).

c. Locations distributed as far apart as possible while still visible to one another.
Attempt to distribute benchmarks far alondghe entire length of a sites
possible

d. Arrangement in an equilateral triangleleally the stream will be contained
within the equilateral triangle but this may mbvaysbe possible If a stream has
open space on one side, utilize it to the fullest extent. An equilaiarale that
extends the entire site length on one side of the stream is more ideal that a triangle
that only spans % the length of a site on both sides of the stream.

e. Locations that can be-@ccupied by a tripodFor example, do not place
benchmarks toolose to trees, fence posts, or other structures that would preclude
proper setp of atotal station.
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Optimal Benchmark Spacing N Moderate Benchmark Spacing

\\"b\_ ; @ . 4O

Figure3. Examples obptimally, moderately, anpoorly spacedenchmarks Optimally placed
benchmarks are as far aparpassble while still maintaining arquilaterakriangle are
inter-visible, and extend the length of the siooty placal benchmarkare close in
proximity, in a nonequilateral triangleand not intewisible.

i. To establ i sh beniedeofacbaf>sl,6 0d rintovhegreundugirga p
rock or a hammeteaving approximatg 30 of rebar above ground. Place a survey cap
onrebar and establisiring of rocks surrounding the benchmark to make it visible for
future surveys.

a. At some sitesiech as wilderness sites or sites located on private |&adhative,
less conspicuous benchmarks may be requitdigtrnative benchmark techniques
include:

i. Rockethi ng: etch an O0x06 i nEstablibhthalr ock or
0 x 6 scretdaxatiahi

b. When usinglternative benchmark techniques, incladgetailed description
(e.g., Xis on the south side of the boulder, 6 cm from the ground; benchmark is
located at the northeast corner of the concrete pdld)enchmarks need to be
visible, stable, and easily located with detailed instructions.

Step4. Record benchmarttata.

i.  Record benchmark number and typey(,capped rebar, chiseled bder, or other). If
0 Ot h selebted iathe benchmark type, bgure to include a detailed description of the
benchmarkn order to réocatethe exact positiorfor future surveys.

a. Label allnewbenchmark witha three digit numbeagorresponding tthe year
theyareestablished. Famew benchmarks established2i®16, benchmark
numbers wil6b bepgi owwdt hy it wo digits den
number {.e.,bm601, bm602, bm603, etc).

i. Record GPS coordinateslevationandaccuracyfor all three benchmarksThe GPS unit
must be placed directly on top of the bemark when capturing coordinate
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iii.  Record the bank location (left or righty each benchmark. Left and right banks are
determined by looking in the downstream direction.

iv.  Record the monument numh@&tep5) that will beused to relocate the benchmark.
Record notes that may be useful when relocatie¢penchmark

Step5. Establishbenchmarkmonument(s).

Monuments areised tarelocatebenchmark. Optimal monuments atecatedat easily

identifiable, permanent featurasthe landscape. These features include large trees, large
boulders, and artificial structures.g.,fenceposts buildings etc.). Because benchmarks will be
spread out, it may be necessary to establish multiple monuments. Typically, a monument should
not be greater than 50 m from the benchmark it is associatedMathuments are numbered
sequentially, independent upon year established (e.g., 1, 2, 3, etc.).

For each monument established:

I.  Securely nail or attach a tag to the monument. Record ¢hawitber and monument
number on the tag.

ii.  Record the monument number.
iii.  Take and record a bearing and distance from the monument to the benchmark(s).
iv.  Record GPS coordinates aactcuracy

a. Coordinates should be in UTkbordinate systerand include UTM zone,
easing, northing anéccuracy

v. Describe the location of the monument(s).

a. Record bank location (left or right) and the distance from the monument to the
nearest streaank.

b. Include a general description of the site monument location and any other
informaion that would be useful for relocating the monument. If the monument
is a tree, record the common namehaftree species and diameter at breast
height (DBH).

vi.  Take a photo of the monumeritclude enough of the surrounding environment in the
photo to bcate the monument at a later date.
Step6. Establish bottom anwp of site markers
Site markers are usedrelocae the top and bottom of the site.

i.  Placeonesite marker in line withhe bottom transect and one in line with the top transect
in a placethat will not be eroded or disturbed through time. Site madanbe rebar
with attached ta@preferred or a tag nailed or tied to a tre&lake sure that markers are
visible and can beslocated at a later dat&kebarsite markers at thigottomand topof
site can also bsurveyed in and used as additional benchmarksntrol points.

ii.  Record GPS coordinates aaccuracyfor bottom and top site markers as wellxdsch
bankthe marker is locate@ight or left).

ili.  Record the marker tydeebar or treegand distance upstream or downstrdeom the
bottom or top transect. Record a distance ofupstream or downstreafor markers
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that line up directly with transect#lso record the distance inland from the nearest bank
to themarker

iv.  Take a photo of each site marker. Good site marker photos should include flagging on
thesite marker and have a wide enough field of view to relocate the markers and bottom
or top transects on subsequent visits.

v. Record any notes that may be useful wheocaging the bottom and top site markers
(eg,iBottom of site marker i sSnupstreatmffoin on a |
the bottom of the sitand 7 m fromthe bankn r i ver ri ght . 0) .

4.3 Site Layoutfor Revisits

Objective Re-establish site usingreviously establishesite markers, width category,
benchmarksand monuments

In order to relocate previously sampled sites, crews will be provided with the following
information and resources:

1) Driving and hiking directions

2) Sitemaps scoutingnotes and maps (if available)

3) Site photographs

4) UTM coordinates for monuments, benchmarks, site markers and temperature loggers

Step 1 Determine bottom of site location.
i. Reestablish the exact bottom of site (transect 1) location frenptevious survey.

ii.  To layout the site the same msprevious yeardt is imperative that the bottom of site
lines up with that of the previous survey. Use existing site inform@itsmarkersite
map,UTM coordinatesand photos) to determine tlozation.

Step 2. Lay out the site.

i.  Each revisit survey wilbe contained withithe previously establisheldottom (transect
1) and top(transect 21pf siteboundariegFigure 4A. The location of transec®
through20 will vary somewhat between sunsegue to changes in channel morphology
and measuremest

ii.  Locate the center of theettedchannel at the bottom of sismdplace the flag on the
stream bank in line with the transect runngegpendicular to the channel.

iii.  Following the center of th&ettedchannelstretch the tape from transect 1 upstream a
distance equal to the previously establisbiéel width categoryEstablishtransect 2.

iv.  Continue this prcess of establishing transeafsstreanuntil you reach the topf site.

a. lItis imperative that the exact top of site from the previous survey is located correctly.
Use existing site information (site marksite mapUTM coordinates, and photos) to
determine the locationPlace transedtags at the top of site perpendicularthe
channel.

v. If the measured site layout results in a site letfgghwould be longethan previous
visits (i.e., < 21 transects fit between tlogiginal bottomand topof sitelocationg,
establish theecond tdast transect flathat fitsbefore heoriginal top of site and
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establish transect 21 at theginal top of site(Figure 8). Measure the distance between
the last transect and the top of site (transect 21). Record the new site length.

a. Re c or dnedsWNedifor all transect measuremerffshotos, solar input, and
riparian structurgthatcamot bemeasured due to Z1 transects at revisit sites.

vi.  If the measured site layout results in a shorter site length than previougvidits
transects fit between tlgiginal bottomandtop of site), establish transect 20 wheresit
measurd and establish transect 21 at treinal top of site(Figure 4). Measurehe
distance from transect 20 to theginal top of site (transect 21) and record the new site
length.

A First Site Visit

Bottom
of Site

Top of
Site

T20 155

B Revisit: Scenario v End at last transect that fits (T16)
below original top of site.
EstablishT21 at original top of site

Bottom
of Site

Top of

Site Measure
distance
between

last transect

T4 ., | 7 e (T16) and
rs I I21 top of site
C Revisit: Scenario vi -
Establish T20 where measured
OB;;E;;:‘I and T21 at original top of site
Top of
Measure
Ti4 TI5 TI6 5 distance
between
T20 and
T6 ™ top of site
7 T8 T21

Figure4. How to adjust transect spacing wherevisitsite layout is either too lon@) or short
(C) and does not match tiatial site visitlength(A). Oncetheinitial bottom and top of
site have beeastablishegdthese locationwiill be used for the bottom and top of site
(transect 1 and 21) all subsequentisits.

Step 3. Document changes.

i.  While laying outrevisit sites transect locations may not match previous surveys due to
changes in channel characteristics between surveys. Document any significant changes
observed between consecutive sampling eWgetsthe main channel being in a different
location).
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Step 4. Locate previously established benchmarks, monuments, and site markers.

Locate benchmarks and record data.

a.

Locate all previously established benchmarks and verify information pertaining to
benchmark number, benchmark type, bank location (left or riglt)ldsest
monument numbedistanceand bearingas well as the distance from the bottom of
site (transect 1) to the benchmark

Determine the quality and conditiaf each benchmare.g.,whether it will be an
active or retired benchmark during ttexisit survey. Benchmarks that have been
physically di st uArétiedbenhmarkis tne whith teetspatiae d O .
location has been compromiseldemove thdenchmarkand establish a new
benchmark.

Note that before retiring a benchmarkinay the benchmark tealidatethatthe
horizontal error exceeds 0.05 m or vertical error exceeds Q.0enchmark$ave
poor spatial configuratiohut their spatiallocation has not been compromisézhve
the benchmarks arestablish additional benchmarks.

Record GPS coordinates aaccuracyor newly established benchmarks botrbt
recordnew GPS coordinatder previously established benchmarks

Locate previously established monuments and record data.

a.

Locate all previously established monuments and verify information pertaining to
monument type, bank location, distance to bank, and where applicable, tree species
andDBH.

If monument is missing, establismew monument and record all information
associged with monument.

Take a new photo of each monument. Include enough of the surrounding
environment in the photo to locate the monument on subsequent visits.

Locate previously established site markers and record data.

a.

Locate top and bottom of site markersd verify information pertaining to the marker
type and bank location.

If site marker is missing, establisglnew marker and record all information associated
with thenew marker.

Take a new photo of each site marker. Include flagging on the actualasker and
have a wide enough field of view to locate the marker on subsequent visits.
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SECTION 5: CHANNEL TOPOGRAPHIC SURVEY

Equipment Total gation (with tribrachand data logger tripods, prism rod withtopographic
foot, backsight sefp, tapeneasure, otebook pencis, radios (2) flagging umbrella or total
station over.

Objective Conduct a topographic survey of the stream channel and surrounding floodplain.

The topographisurveyconsists of using a surveying instrument to collect asefipoints and
lines that capture topographic features within the stream channel and surrounding floodplain.
Each point is attributed with a location (X, Y, and Z coordinates) and a plesticode. Points
with the samelescription codes can also banected to make lines. These points and lines are
used to construct a Digital Elevation Model (DEM) that represents a contitapngraphic
surface of the channtpography.

During the topographic survatyis the responsibility of the person operating the prism rod to
efficiently survey points and | inesTh¢ hat accu
person operating the survey instrument captures these point locatiomg the surveyTable3

provides descriptions of common terms used for topographic survey methods.

Refer to Appendix | for an overview of control network strategy. Total Station operating
procedures are found the Total Station Procedurbfanualfor the Columbia Hbitat
Monitoring Program

5.1 Establishing a New Site Survey

ReferenceSection2.1: Total Station Proceduréganual

Step 1. Choose a benchmark or control point for the first station setup.
i.  Optimal locations for the first setup include:

a. A vantage point that offersaimum line of sight to the channel for conducting
the topographic survey, thereby minimizing the number of additional setups
required for completing a survey.

b. Line of sight to all three benchmark locations
c. Overabenchmark ib o tadandddare met.

ii.  Control points refer to temporary or permanently monumented locations that are
occupied by and/or used to orient the survey instrument during a survey.

a. Control points can be monumented by placing nail and whiskers in the ground, by
et ching a stabkerotk, ofiby éstablishingaa pieceappedebar.
If the control point is one that is likely to persist until the next visit to theiste
outside the active channgtonsider usingapped rebarControl points are
uniquely identifiedusing he code Acpd and numbered se
they are utilized during the survegpb01, cp502, cp503 etc). Benchmarks used
as permanent control points are given the corresponding benchmarleapde (
bm501, bm502, or bm503).
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iii.  After establishingan optimal location for the first station setup point, turn on, level, and
measure the height of the instrument above the first occupied control point or benchmark.

Step 2. Start a survey and establish the first station setup location on the instrument.

i.  Open the survey template fiba the total stationThe template has preloaded codes that
may be used during the survey (TaBJe Name the survey file using the following
convention: SitelEDate Organizatione.g.,CBW0558300739520160710ODFW).
Usehyphengn place ofunderscoresspaces, or decimals when naming.file

ii.  Navigate to the station setup menu of the survey instrument and initiate the setup routine.
Choose to saip on a known point, and enter the aygiate code for the first sgi
point.

a. The first occupied ppp0lotumwli é$s ail ways bée
over a benchmark (whereas it would be labéle801, bm503, or bms503).

b. The first occupied point of a new survey will always have the following
coordinates: 3000 northingDQ0 easting, and 1000 elevatiohhese coordinates
establish the first point in the assumed coordinate system (3jable

Step 3. Establish a backsight and orient the survey instrument.

I.  The orientation of the survey instrument is established by shoota@acksight. The
first backsight used during the initial setup of the instrument can be established over any
of the permanently monumented benchmarks or control pdisablish a backsight
over the benchmaf&ontrol pointthat is farthest from the oapied point.

ii.  Setupand level aripod with tribrach and prism @urvey rod with lpod and prism over
thebenchmark ocontrol point used for backsighting.

iii.  Make sure that the total station is pointed at the backsight.

iv.  Check backsight and record error in the field notebook. Make sure the error is not greater
than0.030m for horizontal error an@.015m for vertical error. Repeat procedures if
backsighterror is unacceptahleSee Sction5.4, Step 2for backsight error
troubleshooting steps.

Step 4. Survey in the benchmarksdany visible control points.
I.  Survey in each benchmaakd control point

ii.  Extra care should be taken to level thpod or bipodand prism when shooting
benchmark points abése points will be used to-establish the location and orient the
survey instrument during future surveys of the site.

iii.  Begin survey followinghemethodology outlined in Sectidn5: Point Collection
Methods.
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Table3. Descriptons of commonly used terms used for topographic survey methods.

Term

Description

Assumed Coordinate
System

Backsight

Benchmark

Control File

Control Point

Established
Coordinate System

Foresight
New Site Survey

Re-occupy

Resection

Revisit Site Survey

Stake Point

Traverse

Fictional coordinate system of a survey established by attributing the first occup
point of a new site survey with the following coordina@300 northing, 2000
easting, 1000 elevation. All new site surveys will be attributed an assumed
coordinate system during the initial survey.

Survey routine used to establish a basis for horizovestical, andangular
measurements withithe surveying instrument. Backsight checks are used to as¢
the continued accuracy of a survey.

A permanent control point (typically capped rebar) used to establish new site su
and establish revisit site surveys. Tharea minimumof 3 benchmarks establishec
at each site.

File containing benchmark®d control points from previouwurveysthat are used to
re-occupythe established coordinate system.

Any permanent or temporary location used to set ugient the surveying
instrument. Includeanystation setup, benchmark, and backsight locations.

Spatially accurate coordinate system (Universal Transverse Mercator) establish
after the first survey of a site. All reitisite surveys must reccupy the exact same
establishedoordinate system as the first survey.

A foresight is acontrolpoint that will be used for a future station setup location.

The topographic survey of a new sitherean established coordinate systhasnot
been previously established. New benchmarks and control points must be
established. The survey is conducted in an assumed coordinate system.

To orient the surveying instrument into an established doatel system for revisit
site surveys using previously existing benchmarks and control points.

Survey routine used to+@ccupy an established coordinate system by surveying ¢
least 2 known benchmarks or control points from a centralizediopisdy
unsurveyed point.

The topographic survey of a previously surveyed site where benchmarks and cc
points have been establishedl Revisit Survey is conducted in a previously
established coordinate system.

Survey routine used to check the accuracy of benchmark and control point local
when reoccupying an established coordinate system. Also useddoate the
position of benchmarks and control points.

Survey routine used to move the surveyinstrumenfrom one control point to the
next Done by 1) surveying a new control point (foresight) where instrument will
moved, 2) moving instrument to new location, and 3) backsighting to previous s
setup location.
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5.2 Revisit Site Surveys
ReferenceSection2.2: Total Station Procedurédanual

When revisiting a site it is imperative to be in the same coordinate system as the ié¥ious
survey(s). This is accomplished by-ecupying the previously established coordinate system
using the permanently monumented benchmarks. In order to correotigupy an established
coordinate system during a site revisit, at least two known points must beigiidés from each
other or from a common point. The preferred revisit surveyasaeinvolves setting up the
survey instrument over a benchmark, backsighting to another benchmark, and conducting an
accuracy check to the third benchmark. Make a concerted effort to clear vegetation or
obstructions to make all benchmarks intesible from each other. Unforeseen factors may
make it difficult or even impossible to locate benchmarks or see them from other benchmark
locations. Therefore, you need to perform the appropriate station setup routine depending on the
scenario encountered inetffield. Utilize Figureb to determine the correct station setup routine
option for reoccupying an established coordinate system during a revisit site sRefeyto
Appendix K for a benchmark evaluation dichotomous. key

" 3Benchmarks | 2 Benchmarks\i (1 Benchmark
Located Located

. | - ) |
I aY ' Y

- 1 . p _ < , -y
3 2 " None Both NOT Goto5.1
| Intervisible Intervisible | Intervisible Intervisible | Intervisible] Stepl

Go to Option 1 | | Go to Option 2 Go to ‘ Go to (‘Make sure
then Option 4 then Option S Option 1 Option 2 to survey
in
benchmar

[ Go to Option 1]
then Option 3 |

Figure5. Reuvisit site scenarios used to determine the correct station setup routine after
relocating benchmarks. Note that if no benchmarks are relocated, establish new
benchmarks and proceed to Sectdh Step?.

5.2.1 Site Revisit Survey Options
Option 1: At least two benchmarks are intasisible.

ReferenceSection2.2: Total Station Procedurédanual
Step 1. Start a revisit survey by establishing the first station setup.

i.  Set up surveying instrument over a benchmark that is visible from at leasthene
benchmark.

ii.  Open the survey template fiba the total statianThe template has preloaded codes that
may be used during the survey (Ta#te Name the survey file using the following
convention: SitelBDate Organizatione.g.,CBW0558300739520160710-ODFW).
Usehyphengn place ofunderscoresspaces, or decimals when naming files.

ili.  Import the site control file which contains previously established benchmiadksontrol
points The site control file will have the naming forng&itelD-Control-2016.
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Navigate to the station setup menu of the surveying instrument and initiate the setup
routine. Choose to set up on a known point and select the appropriate point from the list
(i.e.,bml). Note that during each site revisit a new numbering sequensed for new
benchmarks and control points to differentiate when they were establighgui{c01

for 2016).

Step 2. Establish a backsigloiver a known pointo orient the survey instrument.

The orientation of the survey instrument is establisheolcksighting to a second
benchmark.Set upand level d@ripod with tribrach and prism @urvey rod with bipd

and prism over the benchmark used for backsighting. Select the appropriate backsight
point from the menui.g.,bm?2).

Make sure that the tdtatation is pointed at the backsight.

Check backsight and record error in the field notebook. Make sure the error is not greater
than0.050m for horizontal error an@.030m for vertical error. Repeat procedure if
backsight error is unacceptablé survey crew is unable to establish rev@girvey

within error thresholds, see Sectiod, Step 3regarding revisit backsight checks.

If necessary, establish additional benchmarks as described in SERtiGtep 3.

If backsight errors are acceptable éimeke benchmarks are int@sible, go toOption 3.
If only 2 are intetvisible go toOption 4.

Option 2: At least twobenchmarks exist but are NOT intarisible.

ReferenceSection2.4: Total Station Procedurddanual

Step 1. Start a revisit survey by establishing the first station setup using the resection procedure.

Locate a point that is visible from at least two other benchnaarétset up the surveying
instrument.

Open the survey template fita total station.The temphte has preloaded codes that
may be used during the survey (Ta#e Name the survey file using the follavg
convention: SitelEDate Organizatione.g.,CBW05583007395201607100ODFW).
Use hyphens in place of underscoigsaces, or decimals when naghfites.

Import the site control file which contains previously established benchmbhlessite
control file will have the naming form&itelD-Control-2016.

Step 2.Perform a resection following procedures outline&ection2.4 of theTotal Station
Procedure$/fanual

Make sure the error is not greater tfe®650m for horizontal error an@.030m for

vertical error. Start surveying. If three benchmarks exist but only two weretosed
resection, proceed to Option 4. If benchmarksioabe resectioned within the error
tolerance thresholds, begin surveying using procedures outlined in SedtiStep 2

When establishing this new survey, make sure to pull in existing benchmarks from the
previous survey. Keep the names consistefiteréne existing benchmarks and establish
new ones.

Be sure to survey all existing benchmarks arake surghat at least three benchmarks
are intervisible as described in Sectidi®, Step 3.
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iii. If all threebenchnarks were used duritheresectionstart surveying.If only two
benchmarks were used durithge resectiongo toOption 5.

Option 3: Use Stake Point routine to survey third benchmark.

ReferenceSection2.3: Total Station Procedurddanual
I.  Complete Option 1.

ii.  From the first station setupcation over the benchmark, use the Stake Points routine to
istake outo the third benchmark and evalua

iii. If the third benchmark is not within the error tolerance but the other benchmarks are,
retire third benchmark and establish a rene.

iv.  Start surveying!
Option 4: Use Stake Pointautine to survey third benchmark during the topographic survey

ReferenceSection2.3: Total Station Procedurddanual
I.  Complete Option 1.

ii.  As the topographic survey is conducted you must find an opportoniise the Stake
Points function to survey the third benchmark.

iii. If the third benchmark is not within the error tolerance but the other benchmarks are,
retire third benchmark and establish a new one.

iv.  Start surveying!
Option 5: Use Stake Point routinestsurvey third benchmark.

ReferenceSection2.3: Total Station Procedurddanual
I.  Complete Option 2.

i.  Immediately use the Stake Poipt®cedursto survey the thirtbenchmarlor as the
topographic survey is conducted you must find an opporttmige the Stake Points
function to survey the thirdenchmark

iii.  Start surveying!
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5.3 Traversing
ReferenceSection2.5: Total Station Procedurédanual

Objective To move the surveying instrument from one station setup location to thenext
traverse is required to propagate the coordinate syst&m next station setup locatios called
a foresight and igypically a contol point.

Step 1. Traverse to the next station setup location and move instrument.

Check the backsight one last #and record error in the field notebook. Repeat
procedures until the backsight error is within the acceptabits. If error exceeds
thresholdfollow instructions outlined in Sectids4.

Assemblehesecondripod or bipod over the control poititatwill be the foresighti(e.,
cp502). Record the prism height above the point (rod height).

From the current station setup locatiop501), survey in the new control point using the
0Traversed routine

Moving forward: If you are using two tripods yavill now have one tripod at the
instrument and one tripod at the foresigRemove the instrument from the tribrach,
place it in the casendmove to the foresighAt the foresight, removthe prism from

the tribrach and install the instruménp502). Check level bubbles and measure height
of instrumentlnstall the prism on the tribradt the previous station setup location
(cp501). Check level bubbles and measure height of prism.

Step2. Occupying the second station setup location (Figure

With the instrument set up and leveled on the second s{afisdR), the orientation of
the survey instrument is established by shooting to the backsight (previous station setup
location cp501).

Make sure that the total station is pointegi@ir previousstation setup locatiorcs501)
and conduct aacksight.

Check backsighaind record error in the field notebook. Make sure the error is not greater
than0.030m for horizontal error an@.015m for vertical error. Repeat procedures if
backsight error isinacceptablésee Sectiob.4 for backsight error troubleshooting

steps.
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First Station

bm2

8

Foresight 1
Location: cp302

A

Backsight 1
Location: bm1

&

Station Setup 1
Location: cp301

bm3

Second Statign

bml

&

Backsight 2
Location: cp301

é

Station Setup 2
Location: cp30

&

Third Station

bm1l

O cp301
bm2

A bm3
Backsight

Location: cp30

6

Foresight 2
Location: cp304

Station Setup 3
Location: cp30.

Figure6. lllustration depicting station setup, backsight and foresight locations for the first
station setup, after travemg to the second station setup, and after traversing to the third
station setup

5.4 Backsight Checks
ReferenceSection2.6: Total Station Procedurddanual

Horizontal, vertical, and angular errors can occur during surveying due to a number of issues.
Therefore it is important to periodically perform backsight checks to ensure that the survey is
within the allowable error constraint®erforming regular baskght checks also limits the total
number of points that need to be resurveyed should a problem arise.

Step 1. Perform a backsight check:

i.  For every 50 to 100 points collecte@pportune times to porm a backsight check
include when the rod person &king a break and/or struggling through vegetation to
position themselves for their next point.

ii.  If the survey instrument or tripod legs have been bumped or knocked out of level. Make
sure to check that the instrument is centered over point dadealesation before
checking backsight.

ii.  If the instrument has been exposed to a noticeable shift in temperature over the course of
the surveyé€.g.,heating up irthesun).

iv. Before and after moving the survey instrument.
v. Before closing the survey.
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Step 2 During a backsight check, if horizontal error exceeds 0.030 m or vertical error exceeds
0.015 m for new sites, conduct the following checks.

Re-measure the height of rod and the height of instrument and check that they were
recorded correctly within survey insinent. Re-check backsight error.

If error remains unacceptable;lexel the survey instrument, conduct the setup or
traverse routine again, andabeck the backsight error.

If error persistsdoublecheck that the currently occupipdint numbelndthe backsight
pointnumberare entered correctly.

If backsight error is unresolved once the above checks have been conducted, move survey
instrument back to the previous successfully occupied station setup lodatnduct

setup routine and survey in a neantrol point. Move and setip survey instrument on

the newly surveyed control point and check backsight error.

Step 3. When establishing a revisit survey, if horizontal error exceeds 0.050 m or vertical error
exceeds 0.030 m upon setup, conduct tHeviahg required checks in addition to those steps
outlined above irstep 2j-iii .

Check occupied point and backsight point coordina@mnpare the coordinates in the
surveying instrument.

If possible, backsight to an alternate known point (benchmar&rdrol point) and check
error values.

If error persists once the above have been checkeap ssstrument over an alternate
known point (benchmark or control points) and check backsight errors using the other
benchmark locations.

If unable to reduce esr values once all above checks have been conducted, record error
values in field notebook and begin survey using procedures outlined in SedtiStep

2. When establishing this new survey, make sure to pull in existing benchmarks from the
previous survey. Keep the names consistent, retire the existing benchmarks and establish
new ones.
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5.5 Point Collection Methods

Objective: Capture X, Y, and Z coordates as points anchés that collectively represeihie
topographic surface of the stream channel and floodplain.

Many topographic surveys are tismited, thus topographic points and lines must be collected
efficiently and strategically to maximize tiyeality and utility of the DEM. The number of

survey points collected is dependent on the size and complexity of the site. Complex topography
should be represented with a higher density of points (approx.-1,200 points) compared to

more simple plaar topography (50800 points). Larger sites may have more points overall but
generally have less topographic complexityg a lower density of points

Collect survey points at locations that represent changes in slope (inflection points). When
capturng streambed topography, avoid capturing elements of bed roudgbrgessubstrate)

Instead focus effort on capturing the bedform of the channel. Extend survey points far enough
into the floodplain so that the areal extent of the survey encompasksegedindsmallside
channels in areas where lateral migration may occur.

Survey points and lines are attributed with a description code that is used to further represent
features in the stream channel (Figdye Use the topographic descriptions in Tabte identify
and code survey points and lines throughout the site.

Points: Points are used to capture changes in topography that are not captured by lines. Use
points to capture nelinear features includingeneral topographic features and channel unit
boundaries.

Lines: Lines are connections between two or more survey points and are used to efficiently
capture visible contours or breaks in the stream channel topography. Lines are best uged where
there aredentifiable linear features such as the edges of water, and tops and toes of banks.

Point Deéscriptions |

O Ow: Ot

4 Ow: @t

D © v @ of

@tp @ bl
N @ mw - @ br \

5 %

Figure7. Representation of topographic points and descriptions used to capture the topography
of the stream during surveys.
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Table4. List of codes used to identify unique points and lines in the topographic survey. Note
that some codes are required for all CHaMP surveys.

Description | Name Feature Required Definition
Code Type
Water Surface Features
Iw Left edge of Lineor Yes, Minimum Linesor pointsdescribing the elevation of the
water Point of 50 left wetted edge of the channel.
rw Right edge of Lineor Yes, Minimum Linesor pointsdescribing the elevation of the
water Point of 50 right wetted edge of thehannel.
mw Mid-channel Lineor Yes Ifisland Linesor pointsdegribing the wetted elevation o
island Points  exists mid-channelqualifying islands(see Sectio®.1).
br Mid-channel Lineor No Lines or points describing the wettekbvation of
bar Points mid-channel bardarge bouldersand non
qualifying islands
ws Water surface Poins No Points describinghe water surface elevation
above the stream bed at overhanging banks a
mid-channelocations.
Channel Features
bf Bankfull Line or Yes, Minimum Linesor points describing the bankfull elevatior
Point of 20
bl Breakline Line No Other gradient breaklines as needed.
in Inflow point  Point Yes Point at the upstream (top) end of the site
indicating the inflow poinbf the thalweg.
out Outflow point Point Yes Point at the downstream (bottom) end of the si
indicating the outflow pointf the thalweg.
tb Top of bank  Line Yes Lines describing the top of bank elevation.
to Toe of bank  Line Yes Lines describing the toe of bank, or the line
separating the activeéream bed from thieank.
Toe locations can be in and out of the water.
tp Topography  Point Yes Points describingeneralchannel topography.
u# Channel unit Point Yes Point describinghannel unit perimeter within
the wetted chann¢hamedul, u2, etc.)
wg Thalweg Line or  Yes, Minimum Linesor pointsdescribing the longitudinal
Point of 20 thalweg profile.
Control Network
cp# Control point  Point Yes Control points used as station backsight setup
locations €p501, cp502, etc.)
bm# Benchmark  Point Yes, Minimum  Establishedenchmarkgbmb01, bnb02, etc).
of 3
bos/tos | Control point Point No Control pointqrebar)used to define the bottom

(bog and top {09) of site locatiormarkes.
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Bottom and Top of Site CrossSections

Bottom and top of site crosections define the downstream and upstream extent of the
topographic survey and provide a clean start and finish for the survey (B)gurbe bottom of
site crosssection isat transect 1 and the top of site cresstion is at transect 21.

I.  The bottom of site crossection at transect 1 must have a pwidtcating the outflow
point at the thalwegodedout.

ii.  The top of site crossection at transect 21 must have a point indicating the inflow point
at the thalweg coded.

iii.  Crosssections must have a minimum of 9 survey points. Required point descriptions
include inflow or outflow pointsif, out) and left andight edge of water point$x, rw).
If bankfull, top of bank, and toe of bank (bf, tb, to) features exist at thesesacssns
it is important to collect these points with the proper description.

v \
\

a

\ RN

A N

Bottom of Site
Transect 1

w
to g to

Figure8. Channel crossectional view showing proper delineation of the bottufrsite cross
section at transect 1.
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Water Surface Features' Iw, rw, ws mw, br

Wetted surface feature codes are used to represent the planform and elevation of the water
surface.

Left and right wetted edge of the channel Iw, rw

Left and right wetted edge features represent locations where the water surface elevation
comes in contact with the stream bed or bank.

Always surveylw andrw points on thdurthestoutside perimeter ohe main channer
side channelsUse alternative codes to describe the edge of water for islamjla0d
bars br) on the inside perimeter of the main channel and qualifying side chdRitglse
15).

Surveylw andrw points as either lines or pointkines make the survey processing
easier to interpret and help to create better topographic surfaces.

In streams that are flat and straight, fewer points will be needed to adequately represent
the wetted channel edge (approximately 50 points per edge)mAdapoints to the

edge of water for streams that feature a complex planform and water surface edevation
Complex edge of water areas should be collected using lines.

Wetted edge of midchannel islandsi mw

Mid-wetted (mw)islandpoints and lines are ed toindicate water surface elevations
surroundingyualifying mid-channel islands.

Only surveymw points or lines at locations representing the wetted perimeter of
qgualifyingislands( | engt h O average bankfull widtHh
see Sectio®.l).

Wetted edge of midchannel barsi br

Bar (br) pointsand lines are used to indicate water surface elevations surrounding mid
channel barsnon-qualifying islandsand large boulders

Survey enouglbr points at the wetted edge of netlannel barand norqualifying
islandsto provide a general representation of their wetted perimeter.

Place topographic pointfp] on midchannel barand norqualifying islandgdo represent
the topography above and belthe water surface elevation.

Water surfacei ws

Water surface pointavs) areused tarepresentocationswhere thevater surface
elevationis above the streabred(Figure Q).

Surveywspoints at locationsvhere edge of water pointisv(rw) are notappropriatesuch
as at overhanging bankalso surveywspoints atmid-channelocationswherethe
lateralwater surfacelevationis not uniform(i.e., pitched riffles;Figure9B).
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th tp

Water Elevation

B »

....................................................

Water Surface

wg

Figure9. Channel crossection indicating w water surface pointsv§) are used to represent
A) the water surface elevation at overhanging banks amiid@ghannel water surface
gradient changes.€., pitched riffles).

Top and Toe of Bank Features tb, to
Top of banki tb

i.  Top of bank lines arased to accurately represent convex gradient breaks that occur
where steeper stream banks transition to flat floodgileenfeatures (Figured).

ii. Ingeneral, top of bank lines will run parallel to the channel but at times may run
perpendicular to the chael on more complex banks.

Toe of banki to

i.  Toe of bank lines are used to represbhatbottom of the stream bawnkere the stream
bed (typically courser substrate) and bank (typically finer substrate) Mieeseconcave
gradient breaks occur whettee stream bed transities into a steeper stream bank.

ii. The toe of bank can be both inside and outside of the water.
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‘,._ _ _ line at top of bank
and toe of bank

Figure10. Channel view showing proper usetap of bank (b) andtoe of bank {o) lines.

Bankfull elevation - bf

Survey bank features that are indicative of the bankfull elevation (TabBankfull features
can be surveyed using points or lines (Figute 1

i.  Use lines to survey bankfull features along consistent gradient breaks. These lines should
be surveyd where stream banks transition to flat floodplain like bank features that are
consistent with the bankfull elevation, and anywhere that the bankfull elevation
represents a continuous linear feature in the landscape.

ii.  Use points to survey bankfull featunebere the bankfull elevation is identifiable but
does not appear as a continuous linear feature in the landscape.

A minimum of 20 bankfull points are required to be surveyed throughout the length of the site at
locations that have good bankfull indicatassdescribed in Table 1.

o . ) )
= = = @ bankfull line @ bankfull point

Figurell Channel view of lines and points representing the bankfull elevation.

May 15, 2016 41



2016 Field Version

Main Channel Thalweg- wg

The thalweg is the deepest point of the wetted channel with the most continuousuloey S
thalweg (vg) points and lines at inflection points that accurately represent the thalweg profile
(Figurel?2). Take a minimum of 20 points throughout the site.

I.  Use lines to survey the thalweg profile on sections of channel when it is identifiable as
line running roughly parallekith the channel. Thalweg lines should extend the distance
of the site in very small streams (usually 6 m wide or less) and contain enough points to
capture inflection points in the thalweg (Figsil€ andl3).

ii. In steepestreams dominated by rapids and cascades and in somépthsegeams, the
thalweg profile will often be discontinuous. In this situation, survey the thalweg profile
using a series of poin{&igure 13)

iii.  Only labelwgpoints and lines in the main channel. Wseaklinegbl) and/or topo
points(tp) to capture the thalweg in drge and smakllide channels (Sectidhl).

wetted . streambed
channel

thalweg 2 surveyed
o ; \ g
survey point ---- thalweg profile

AV
, SR transect 1

Figurel2. Longitudinal view of the stream channel showing the locatif survey points that
effectively capture inflection points in the thalweg profile.

’
’

4
== =@ thalwegline

@ thalweg point

Figurel3. Channel view of lines and points representing the thalweg.
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Channel Unit Perimeteri u#

Channel unit perimeter points are surveyed to provide a representative outline of channel
units. Channel units may be adequately represented by at least two points or up to as
many as 8 points if they are larger and more complex.

For each channel unibpt, use a code that is consistent with the channehuniber
being recordede(g.,ul, u2, etc.).

In general, points describing the perimeter of channel units are surveyed at the edge of
water (Figureld). However, complex units may require additioctnnel unit vertices
located in the wetted channel.

a. In areas where multiple units converge in the wetted channel it may be necessary
to survey additional perimeter points that represent the boundaries of each unit.

it

~— W;g%&go\

Unit 4 - Riffle 11(4,0 Ut (O Channel Unit Point

‘ Edge of Water Point (1w, Iw)

Unit 5 — Off Channel

———

Figurel4. Channel unit perimeter and edge of water points.

Topographic Pointsi tp

Survey topographic points to represent topographic features that do not follow a
consistent line or fit angtherdefinition listed in Tablel.

Topographic points can be spaiin areas that are topographically uniform, and should be
denselin areas that are topographically complex.

Always capture the deepest portion of the stream, tail crest of pools, and maximum depth
of pools using topographic pointi§ not already captuceby thalweg\g) points)

Breaklines - bl

Survey breaklines to represent linear features in the landscape along any consistent
gradient breaks that are not represented by other line codes.

Breaklines may run parallel or perpendicular to the channek@ndften used to
represent obvious breaks in the channel incluthpg and bottoms of steep dropsy(,
falls), and artificial structure®(g.,bridge column}
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Side Channels and Islands

i.  Side Channels
a. Alllarge and small side channels will Bacompassed in the topographic survey

b. Survey side channels using the same set of procedures and codes as the main
channel when possibldJse breaklines and/or topo pointg)(to capture the
thalweg of all side channels

c. Some small side channels are veryshymaking surveying difficult.In these
instancesat a minimunsurveythe thalweg as a breaklinieland edge of water
(Iw/rw andmw) lines throughout the side channel along with topo (tp) points on
either bankSurvey additional code#iy to) to further define the side channel
when possible.

d. Other side channetsan have little to no flowln instances where a small side
channel is only partially wet (island forms a peninsula), survey edge of water
(Iw/rw) points/lines alonghe wettedperimeter Figure15D).

ii. Islanck.

a. The wetted perimeter of qualifying mahannel islands should be represented
with themwcode (Figurel5A and G. Collect bankfull, top of bank, toe of bank,
and topographic points where appropriate to adequately represent thepdyyogr
of the island.

b. Survey the perimeter or all naqualifying islandsbars, and large bouldenrsth
thebr code(Figure 15B)

c. Survey channel unit perimeters in all side chanfie8uding Small Side Channel
Units).

d. Refer to the decision tree in Figureé for the use of specific topographic codes
when encountering qualifying side channels and islands.
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Channel Unit \  Unit3 Channel Unit

Perimeter [ Perimeter

Mid-Channel R A S e Mid-Channel Bar
O Island Points (mw) Points (br)

Edge of Water Edge of Water

®  points () Points (rw, by

Channel Unit
Perimeter
Mid-Channel

Channel Unit

Perimeter
Island Points (mw) Edge of Water
° Edge of Water ® Points (rw, Iw)

Poi&s (rw, Iw)

Figurel5. Channel planform view indicating water surface feature cddésv, mw, or br) used

for a A) qualifying island witta large side channel, B) nqualifying island or bar, C)
gualifying island with a continuously wetted small side channel, and D) qualifying island
with a partially dry small side channel
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SECTION 6: CHANNEL SEGMENTS AND SIDE CHANNELS

Equipment N/A
Objective: Identify and labethe main channel ardifferent side channel types.

6.1 Channel Segment Numbersand Side Channel Classification

Channelsegmentumbersare used tdlifferentiatethe main channel fromside channal Assign
auniguechannekegment number tine main channel arall qualifying side channels.

Step 1. Identify the main channel.
i. Main (primary) channelContairs the greatest amount of stream flatva site.

Step 2. Identify side channels.

i. Sidechannel To be considered a siddannel, the channel must be separéted
anotherchannel by an island that@he bankfull elevatiofior a lengthOthe average )
bankfull width At small sites that are 120 minlengthn i sl and must be O

a. If a channel is separated franother channel by an island that is shorter than t
average bankfull width (or 8 m at small sites), then consider the channel part of
the adjacent channel.

b. If a channel is separateim another channel by a barl{gnkfull elevation) or
boulder, thertonsider the side channel part of the adjacent channel.

Step3. Identify side channel type
I.  Determine if side channel isiglifying or nonrqualifying.

a. Qualifying side channelChannel is located Within the active bankfull channel
and separatelom anoher channeby an islandthe average bankfull width.

i. Qualifying side channels are further divided into large and small side channels
(seeStep 3, ii).

ii. Refer tothe decision trea Figurel7 regarding segment number and channel
unit designation$or qualifying side channels

b. Non-qualifying side channelChannel is located outside the active bankfull
channelor possesses one or more of the following characteristics:

i. The el evation of the channel 6s str eamb
ii. Channel lacka continuously defined streambed or developed streambanks.
iii. Channel contains terrestrial vegetation.
ii. Determine whether qualifying side channel is large or small.

Visually estimate stream flow at both the upstream and downstream ends of the side
channéas a percentage of the total flow at the site.

a. Large side channeHas between 16% and 49% flaweither end
b. Small side channeHas <16% flow at both ends.
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Step 4. Assign segment numbers to channels.

The main channel i treoughautthe gite -dureBilS e g me n t
The first large or small side channel encountered when laying out the site (moving
upstream) is designated as ASegment 20.

sequentially (2, 3, 4, etc.) until all large and dme@le channels have been uniquely
numbered (Figure@).

Do not assign segment numbers to-gomlifying side channels.

Note:If a qualifying side channel continues downstream beyond the bottom of site, begin
surveying the side channel in line with thetbot of site. Likewise, end surveying a side
channel in line with the top of site.

Note:If a large side channel splits and each channel contaié8c>of the total stream flow,

assign the original segment number to the largest channel and assign a new segment number to

the second channelf a largeside channel spliteand flow ineitherchannel is <16% of the total
flow, assign the original chaehsegment number to the largest charmediassign a new
segment number to the smaller channel (sonsidered a small side channel).

Step 5. Record measurements. What to measure in each channel type:

Main channel

a. Classify channel units, collect alhannel unit attributes, and conduct topographic
survey.

Large side channels

a. Classify channel units, collect all channel unit attributes, and conduct topo survey.

Small side channels

a. Classify the entire side channel (both wet and dry portionsBbash Side
Channel unit (Figurd5C) and conduct topographic survey.

b. Quantify Large Woody DebrisSgction8.4). Do not collect any additional
channel unit attributes.

Categorize the side channel as continuously wet, partially wet, or dry.
Estimate the totdength of the side channel centerline.
Estimate the average bankfull width of the side channel.

~ o o o0

Estimate the percent of tlhenkfull channelareathat is wet at the time of
sampling.

iil. Non-qualifying side channels

a. Capture the area where the side channel enters/exits the adjacent channel in the
topographic survey bwto not conduct the topo survey throughout the side
channel.

b. Do not classify channel units, collect any channel unit ategywor categorize it.
c. Do notestimate side channel length, width, or percent wetted.

48
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f Channel Types

- Main Channel

Large Side Channel

- Small Side Channel

- Non-qualifying Side Channel =
{ & Y;‘?‘:f

Figure16. Howto number channel segments within a site. The main channel is assigned segment
1 throughout the site. Both large and small side channels are assignediaksggmient
numbers working upstream. In the figure, channel segment numbers are preceded with a

ASO0-S(391 and channel uni-13). numbers with a AUO
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Qualifying Side Channel Decision Tree

island (O

Is the side channel separattdm another channel segmeémnt a qualifying
average

baYkf ul |

Yes /\ No

Channel is separated by qualifying island.
A Create new segment number.

Does the side channel hat6-49% offlow?

No Y

Side channel has < 16% of flow.
1 Classify entire side channel as Tier 1
Small Side Channel unit.

Is the side channelontinuously wetted
throughout its course?

Yes

Small side channel iontinuously wet

A Survey the perimeter of the island
with a mwline.

A Refer to Figure 15C.

Yes

wi dth

Channel is separated by bar.

A No new segment number.

A Survey the wetted perimeter of the
bar with abr line.

A Classify new channel unit only if it is
different from adjacent unit type. If
adjacent units are the same (i.e.,
riffle/riffle or non -turb/non-turb),
consider them onechannel unit.

A For adjacent pools separated by a bar,
classify unique channel unit for each
pool.

A Refer to Figure 15B.

Yes

Side channel has 149% of flow.

A Classify channel units throughout side
channel.

A Survey the wetted perimeter of the
island with a mw line.

A Refer to Figure 15A.

No

Side channel is partially wetr entirelydry.

Is the side channel entirely dry?

No

Side channel is dry.

rw line.
A DO NOT usemwor br code.

A Survey the wetted perimeter with alw or

T

o 3>

Side channel is partially wet.
Survey wetted perimeterwith a lw or rw
line.

DO NOT usemwor br code.
Refer to Figure 15D.

Figurel7. Decision tree outliningegment number and channel unit designatiaiosg with
topographic codefr qualifying side channels and islands.
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SECTION 7: CHANNEL UNITS

ReferencesHawkins et al. (1993), Bisson et al (2006)
Equipment Flagging, sharpie, depth rod, clinometer
Objective:Delineate channel unit boundaries and classify channel units.

7.1 Channel Unit Classification

The interactions among stream flow, sediment load, and channel resistance contribute to the
formation of distinct areas (units) within the stream chaniibesechannel units, as a result,

can be distinguished by their morphology (gradient, depth, shape), hydraulic properties (velocity
& turbulence), and bed roughness (substrate siManyfish habitat attributes are measured at

the channel unit level.

Channelnitsare classified using twotieredhierarchicakystem(Figure18). At the coarsest
level, Tier | unitsare distinguished by gradient, relative stream veltoty, and/or turbulence
and includdour classes: Fast Water Turbulent, Fast Water-Nanbulent, Slow Water/Pool
andSmall Side Channels Tier | Fast Water Turbulent and Slow Water/Pool units are further
subdivided into Tier Il subclassegier Il subclasses are differentiateddnadient hydraulic
propertiesas well as the primary progses that form thenBelow is a general definition of
each Tier | class:

Fast Water Turbulent channel units are topographical high points in the bed profile that
feature moderate to steep gradients, coarse substrate, and tend to have consistentty turbulen
flow. The bedform of these units generally lacks longitudinal and/or lateral concavity (Figure
19).

Fast Water Non-Turbulent channel units feature low gradients, dominantly sand to cobble
substrate, and smooth laminar flo@ften, fast water noeturbulent units have a gentle slope,
similar to pools, but are distinguished from pools by their general lack of lateral and
longitudinal concavity.These channel units are generally deeper than riffles.

Slow Water/Poolchannelunits are topographical low points in the bed profile that feature
very low gradients, smooth laminar flow, and possess lateral and longitudinal concavity
(Figure D). Also included in this class is tfger Il subclass 0Off Channel units.Off
Channel ung include backwaters and alcove type units that are connected to the main
channelr large side channéut havdittle (< 1%) tono flow through them The thalweg
never passes through Off Channel units.

Small Side Channel units aresmallsidechannels (Sectiof.1) that contain 46% of the
total stream flow.
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Channel Unit

| | | | | | 1
Fast Water Fast Water Slow Small Side
Turbulent Non-Turbulent Water/Pool Channel

— Riffle — Scour Pool
— Rapid — Plunge Pooll
— Cascade — Dam Pool
— Falls — Beaver Poo‘
— Off Channel

Figurel8. Two-tieredhierarchicaklassification system used to identify channel units. The
classification structuriss amodification of the system developed by Hawkins et al.
(1993) as reported in Bisson et al. (2006).

Water Surface

Pool Tail
Water Surface Crest

Figurel9. Representation qjool A) crosssectional (lateral) and B) longitudinedncavity
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Step 1.ldentify channel ung and their boundaries
Use the following criteria as a guide when identifying distinct channel units.

I. In generalchannel units are at least as long as theeragewetted channel width
At | arger si t dam),charina tnits maysbe shgtiean the aGerage
wetted channel widtfChannel units are relatively homogeneous, localized areas of
the stream channel characterized by four elements:

a. Water surface gradient

b. Bedform (concavity)

c. Bed materiatomposition

d. Flow characteristis (e.g.,velocity, turbulence)
Look for distinct changes in teeelementgTable 5)to determine unit boundaries
(Figure 14)

il. Use the descriptions found in Table 5 as well as the dichotokega$o assist in
classifying all Tier | Figure20) and Tier Il (Figure®1 and22) channel units The
classification trees are read from top to bottom.

iii. Flag the unit boundaries aadsigna unique numbeo each unit €.g.,ul, u2, etc.)
working upstream Communicate the number of channel yrsegment numberand
any details about complex unit boundaries to the crew members conducting the
topographic survey so unit perimeters can be surveyed correctly.

Table5. Criteria used to delineate and classify Tier | channel units.
Tier |

N Gradient Bedform Profile Substrate Composition Flow Character
Classification
Fast Water >1%  Topographic high points in  Generally have coarse Fast, turbulent
Turbulent the bed profile substrate (cobbles and flow
boulders)
Fast Water <1%  Uniform depth, low Generally small cobble, Smooth, even
Non-Turbulent complexity gravels, and fine flow (laminar),
substrate minimal surface
turbulence
Slow 0-1% Pools are laterally and Variable generally Generally
Water/Pool longitudinally concave smaller sorted substrate laminar flow

(Figure 19. Off Channel units
have little tono flow through
them

Small Side NA NA. NA. NA
Channef

*Small Side Channelare differentiated from other channel unit types using criteria listed in
Section 6.
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Tier | Classification Tree

Is the unit a small
side channel?

No | | Ye:

14 N g ‘
\
Does the channel unit Classify as 'Small

' have a gradient > : .
| 1057 Side Channel'.

No [

] |l Ye:

| Classify|as O6Fast
Water Turbulent 6.
Go to Tier Il Fast
Water Turbulent

Classifications.

Does the unit have
flow through it?

| Ye:
Is the unit
. - longitudinally and
éCISalssgyva\}s T\';\e/gt er / laterally concave an
Tier || " Of f would it hold water if
the supply was
Aturned of fo?

I
No | ] Ye:

Ve ™\ a I

No |

| | i
] Is the maximum
Classify as| ,,depthapprox.

Water Non .
~ | 1.5 times deeper than
Turbule % t o the pool tail depth?
! )
I
No | 1 Ye:

| Classify as Tier |
Classify| as| 6SI ow Watler/ Pool 6.

Water Non Go to Tier Il Slow
Tur bul ent 6 Water/Pool
Classifications.

Figure20. Dichotomous key of criteria used to classify TieBlofv Water/PoglFast Water
and Small Side Channeathannel units.
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Tier |l Classification Trees

Fast Water Turbulent

e ™
Does the channel
unit contain
waterfalls or stee
drops and is >8%

gradient?
N o | Ye
NO — 1 '€
Is the unit < 4% |
gradient and hav Is the unit one
mostly cobble/ distinct waterfall?
gravel substrate? ‘
/' —7"\_‘ /’ —ﬁ\“ /' T ./' N
Cascade A :
Rapid. 4-8% Riffle. Fast series of chutes Fa”rzd'?‘gr:?gg“gsh
gradient. Boulder turbulent flow and and hydraulic %ver bedrocﬁ
and cobble a laterally broad jumps organized large boulders or
substrate. uniformbedform in a step pool dam.
Bedformlacks sequence. '
concavity. p

Figure21l. Dichotomous key of criteria used to classify TigrdstWaterTurbulentchannel
units.
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Tier Il Classification Trees continued

Slow Water/Pools

Does the unit have flow
through it?

No |

Off Channel. Pootike | [
units including
backwaters and alcoves,
Off Channel units are
connected to the main
channel or a side channel.

Yes

wetted channel blocking
flow at the pool tail?

dam across the entire |

Is the pool formed by al

No |

Is/was the pool formec

by water falling over a

channel obstruction at
the pool head?

| Yes

-

Is there evidence of
beaver activity at the
location of the dam?

No | Yes No | | Yes
s I e ™ ™ ™
Dam Pool Formed
Scour Pool. Plunge Pool. The by flow being Beaver Pool.
Formed by scouring deepest part of the blocked by a Formed by flow
fluvial processes. pool is generally at downstream being blocked by a

Usually longer than
wide.

J

the plunge. Usually
wider than long.

S

obstruction (log,
debris jam, rock
slide, etc.)

downstream beave
dam.

Figure22. Dichotomous key of criteria used to classify Tielldw WaterPoolchannel units.
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SECTION 8: CHANNEL UNIT LEVEL A TTRIBUTES

8.1 Fish Cover

ReferencesPecket al. 20Q.

EquipmentN/A

Objective: Estimate the type and total area of cover available to fish within each channel unit.
Fish cover is defined as the proportion of the channel unit area that provides refuge to salmonids.

Step 1. Visually estimate the proportiasf thewettedsurfaceareawithin each channel unit that
is covered by each of the fish cover elements listed in Table

i.  All fish cover elements must be within the wetted chann€@lbr m above the wat
surface.

ii. Round measurements to the nearest 5%.

iii.  The sum of all fish cover elements should be at least 100%. If fish cover of different
categories overlaps, count overlapping areas twice, resulting in a total percentage >
100%.

Table6. Definitions of fish cover elements evaladtat each channel unit.

Cover Element Cover Element Definition

Woody debris Wetted area of the channel unit covered by dead woody debris. There is
size requirement for woody debris to be considered fish cover. Include
boards, railroad ties, wood pkt for restoration purposes, etc.

Overhanging vegetation and | Wetted area of the channel unit covered by live, terrestrial vegetatioe.
live tree roots tree roots suspended ovbewater and/or submergedNon-qualifying
undercutsare includedqualifying undercuts are not (Section 8.5).

Aquatic vegetation Wetted area of the channel unit covered by aquatic macropnytes
filamentous algae

Artificial structures Wetted aea of the channeinit covered by arti€ial structures including
materids discarded irthestream (tires, old carspncretegtc.) Rip-rap and
logs placed for restoration purposes are not included in this category.

Total NO fish cover Wetted area of the channgiit that is not covered by the fish cover elemer
listed alove. Considemualifying undercuta part ofNO fish cover
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8.2 Ocular Substrate Composition

EquipmentN/A

Objective: Visually estimatethe substrate composition of each channel unit and record the
percentage odachsize clas.

Step 1 Estimatethe percentage of each substrate silzss.

I.  Visually survey the substrate composition of each channel unit and record the percentage
of each substrate class (Tab)ewithin the wetted surface area

ii. Round estimates to the nearest 5%.

iii. You may not be abletsee the entire wetted surface area of a channel unit due to visual
obstructions (aquatic vegetation, wood, or other debris). When this occurs, estimate the
area you can see.

iv. The total of all classes should equal 100%.

v. If a thin layer of fine sediment vering a larger particle, then measure the fine
sediment, not the larger particle. Conversiélindividual fine sediment particteare
resting on top o#larger rock measure the rock.

Table7. Ocular substrateize classesEstimate baxis diameter of particles.

Substrate Type Size class (mm) | Description
Bedrock N/A Exposed bedrock surface
Boulders > 256 Basketbalkize and greater
Cobbles 64 to 256 Tennis ball to basketball size
Coarse gravel 16 to 64 Marble to tennidall size
Fine gravel 210 16 Small pebble to marble size
Sand 0.06to 2 Smaller than ladybug size, but visible as particles
gritty between fingers
Fines <0.06 Silt and clay that isot gritty between fingers
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8.3 Pool Tail Fines
ReferencesHeitke et al(2008).
EquipmentFines grid, underwater sighting tube or snorkel and mask

Objective:Quantify the percentage slirface substrateZmm and between@ mm at the tails
of pools and notturbulent channel units.

Step 1 Identify measunment locations

i.  Collect measuremengthe first 10scour and plunge pooécounteredavithin the main
channel andargeside channels (189% flow)while moving from the bottom of site
upstream Do not sample in dam pools.

ii. If fewer thanlO pools exist at a site, extend sampling into only main channel non
turbulent unitgstarting from the bottom of sitentil ten measurements are collected or
there are no more qualifying unitSample at the bottom end of ntamrbulent channel
units in asimilar fashion to pool tails.

Note:Do not take measurements if the bottom of site intersects a pool and the pool tail is located
downstream of the bottom of site boundary.

Step 2.Sample surface fines

i.  Assess surface fines using a 14 x 14 inch grith W& evenly distributed intersections.
Include the top right corner of the grid for a total of 50 intersections.

Take 3 measurements per poohonrturbulent unit

a. Place the center of the grid at 25, 50, and 75% of the distance across the wetted
channg making sure the grid is parallel to the shape of the pool tail ¢riggtré
23).

b. The bottom edge of the grid should be upstream from the pool tail crest a distance
equal to 10% o fonénetr, whxlevedislesst engt h o

c. If a portion of thefines grid lands on substrate 542n or larger in size faxis),
record the intersections affectesiormeasurable

d. Do not overlap fines grid placememgeasurements atpool tail. If all three
grids do not fit within the pool tail without overlappirrgcord the overlapping
grid as AnBtameasoredbes that dAgrids ov

iii. Record the number of intersections that are unidenah fine sediment or sandZmm
in diameter at the-hxis.

iv. Record the number of intersections that are undewith sediment 26 mm in diameter
at the baxis.

v. Aguatic vegetation, organic debris, roots, or wood may be covering the substrate.

a. First attempt to identify the particle size under each interseclidhis is not
possible, then record tbeintersections asonmeasurable.
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b. If the grid is located in an améhat has greater than 75% rraeasureable
intersectionsshift the grid to a location where more grid measurementb&an
made

vi. If athin layer of fine sediment is covering a larger pagtithen measure the fine
sediment, not the larger particle. Conversely, if individual fine sediment particles are
resting on top of a larger rock; measure the rock.

vii. Do not count substrate that is suspended in aquatic vegetation or surface algae.
viii.  Enter thechannel nit numbemwhere measurements were collected

Pool unit

Fast water unit

Figure23. Location and orientation of pool tail fines grids relative to the pool tail crest. In this
figure, all intersections of the fines grid at the 50% and 75% pladsma&ll be counted
and recorded. For the 25% placement, the intersections of the fines grid that land on the
boul der (GERmim)swil beadcadedns nameasurable.
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8.4 Large Woody Debris (LWD)

Equipment: Depth rod, tape measure, range finder

Objective: Quantify the number and dimensions of qualifying LWD pieces for each channel unit
within the site.

Step1. Identify qualifying LWDwithin the bankfull channel and prism.

I.  LWD and root wads must be dead with the exception of newly fallenttratare
uprooted from the bank but still have green foliage.

ii.  LWD size qualifications:

a. Musthaveata x i s d il@ ecmermeasured@t the midpoint of the piece. For
LWD with attached roots, the diameter is measured at the midpoint between
where the mai stem joins the root mass (e.g., root collar) and the top of the piece
(Figure 2).

b. Mu st Z1iménleBgth. The length of LWD with attached roots is measured
from the end of the main root mass to the top of the trunk.

iii.  For LWD embedded in the stream kathe exposed portion must meet the minimum
length and diameter requirements to qualify. Quantify the length and diameter of the
exposed portion of the piece.

iv.  If a LWD piece is broken or cracked, consider it one piece if the two pieces are attached
at ary point along the break.

A

Diameter
at midpoint

Length

~ Toot collar

Figure24. Depiction of diameter and length measurement locations for LWD with attached
roots.

Step2.Cl assify qualifying LWD as fAweto or Adryo.

i. All LWD located within the bankfull channelisclassifd as ei t her ifwet 0 o
(Figure 5).
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a Classify piece as fdweto if a portion of
is O10cmin diameter (Figure 25

b.Classify piece as fAdryo ©Oi0cnaindiameteri on of
intersectdhe bankfull channel bus outside of the wetted channel (i.e. would get
wet at bankfull flows).

i.h Classify pieces outside the bankfull <chann
meetbothof the criteria below. The bankfull prism refers e tarea directly above the
bankfull channel elevation (Figur&Q

a. Piece is in the bankfull prism and is suspended vertically above the bankfull
channel by other pieces of LWD.

b. Piece would fall into the bankfull channel if the supporting LWD was removed
(Figure 5).

NoteeThese pieces frequently occur in | arge

k\ = Bankfull Elevation

Bankfull Channel ~~ Bankfull Prism - “wet” LWD “dry” LWD -Notcounted

Figure25. Crosssection view depicting LWD wet/dry scenarios for qualifying pieces. Grey
pieces are classified PaneltAdAWRpiedeohlefgisht gr ey

fidryo because tnmstemtpushing theowaterastO crn. hL&/D piece on
right i s fiwe tl0cmdmmoeteutsuehesahe wai@amnel BQNote that
Afidryo pieces above the bankfull el evati on

other LWD pieces and are counted (see Step 2).
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Step 3 Record the length ardlameter of qualifying LWD pieces.

i.  Measureand record the length and diameter of the first 10 qualifying LWD pieces
encountered at the site.

ii.  Estimate and record the length and diameter of the next 9 LWD pieces and measure the
10". Repeat this process mieasuring every fopiece (#20, #30, #4@tc) until all
gualifying pieces have been quantified.

iii.  In addition to measuring pieces described in steps i and ii above, also measure the first 10
LWD pi ecedbnlingt are O

iv.  Record length to the nearest @land diameter measurements to the nearest 0.01 m.

v. If a piece cannot be measured accurately, estimate the length and diameter and measure a
different qualifying piece.

Step4: Assign qualifying LWD pieces to a channel unit.

I.  Assign each piece of LWD tane channel unit. If a piece of LWD is present in two or
more channel units, assign it to the unit
volume.

ii. If apiece of LWD is outsidevetted portion of the channlelit within the bankfull
channel, assigt hi s ¢ dorthe deangst ahaneel unit

Note: Tally all qualifying LWD pieces within the entire bankfull channel includimgse pieces
within all large and small side channels.

Step 5:Determine if pieces crossing the bottom / top of lstendariegjualify.

i. A LWD piece that crosses the bottom / top of site boundary qualifies if it meets the size

criteria (Step 1), and a O 10 cm portion o
bankfull channel. C | a ssig theycritariie StgpR.e ce as
Note:A piece is fiweto if the portion intersectin

but a O 10 cm portion of the main stem or roo
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8.5 Undercut Banks

Equipment Depth rod, GPS enabled data logger.

Objective Quantify undercubanksin the main channel and large side channels.
Step 1 Identify qualifying undercut banks.

i.  Undercut banks are continuous cdike features in the stream bank formed by
overhanging bBnk material and/or tree roots.

ii.  Qualifying undercut banks
a. Provide fish cover at the time of sampling.
b. Have a 2Wwimdt h O
c. Ar elmdong, measured along the edge of water.
d. Includeundercuts with ceiling®1 m above the water surfa¢eigure ).
Step2. Estimate the length of the undercut.

i.  Determine theipstream andownstream boundaries of the undercut mreédsurehe
length along the edge of water

ii.  Only measure the portion of the undercut that meets the minimum width requirement
(Step 3; Figure @.

iii.  When there are two or more qualifying undercuts separated by a distance of less than 0.5
m, consider them one undercut but do not account for the distance between them in the
length estimate (Figurec?

River Right Bank

0.2m Undercut 1 Undercut 2 Undercut 3
1 - -
1
1
1

Length=1.1m Length = 1.4m Length = 0.40m
Width = 0.28m Width = 0.35m Width = 0.16m

Y

Undercuts 1 and 2 are lumped

Total Length =2.5m m

Figure26. Top down ¥ew depicting three undercuts. Undercdrid2 both meeminimum
length andwidth requirementand are considered one undercut because the width
separating them is &50 m. Undercut 3 does not meet the minimum lengttvioith
requiremerg and is not reorded
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Step3. Measure and record the width of qualifying undercuts.

i. Measure thevettedwi dt hs of the undercut parallel to
perpendicular to the direction of flow.

ii.  Undercut width is measured as thettedhorizontal distance from the outermost edge of
the overhangingbantko t he back fAwall o of the7.wndercu

iii. ~ Measure undercut widths at 3 points located at 25, 50 and 75% of the qualifying undercut
length. The average widthbfh e t hr ee points must be O 20

UW = Undercut Width

1 meter

Water Surface

Figure27. Where to measure theettedwidth of an undercut banfteft). The bank on the right
has a cawike feature, but isceilingis>1 m above t hegthewfardter 6 s sur
doesnot qualify as an undercut bank
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Step 4. Record GPS coordinates aaccuracyat the midpoint of each undercut (Figu&).2
Step 5. Assign qualifying undercuts to their corresponding channel unit and stream bank.
I.  Record the channel unit thattindercut falls within (FigureS.
ii.  Assign each undercut to the corresponding stream bank (left/right bank or island).
iii.  Some undercuts extend between two channel units:

a. If a single undercut extends between two channel units, consider it two distinct
underats separated at the channel unit boundary (FiggreE2ch individual
undercut must meet length and width requirements.

b. If a single undercut extends between two channel units and one of the portions
does not meet the minimum length requirement, congidee undercut and
assign the undercut to the channel unit that contains the greater proportion of its
length.Similarly, if a single qualifying undercut extends between two channel
units but neither portion qualifies based on length, consider it onecuhdad
assign it to the unit with the greater proportion.

m E Unit 1

75%

25% 50%

Unit 1 Unit 2
Undercut 2 Undercut 1
Right Bank Right Bank
/—/Rf = =

25%

50%  75%

Unit 2

- 2

Y
Unit 1

— - = Channel Unit Boundary

----  Width Measurement Locations

Undercut 1, Left Bank
S’ Midpoint GPS Locations

Figure28. Topdown view depicting locational measurements taken at each qualifying undercut.
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8.6 Particle Size Distribution and Cobble Embeddedness

Equipment Gravelometer, depth rod.

Objective Quantify the size distribution of substrate in fast water habitats and to estimate
cobble embeddedness.

8.61 Particle SizeDistribution
Step 1. Determine where to place cressctions.

i.  Countthe number of Tier Il rifflechannel unitshat occumwithin themain channel and
largeside channels.

a. If there areQ10 riffles, place one crossection in each of the first 10 riffles
(working upstream).

b. If there are less than 10 riffles, evenly digttd additional crossections into
riffles according to the proportion of stream length that each unit comprises
relative to the other riffleslif there is not enough space to conduct all
measurements in riffles (see Step 1, ii, ¢), then evenly distribotaining cross
sections into noturbulent units (working upstream). If there is not enough space
to conduct all measurements in riffles and-tarbulent units, then distribute
remaining crossections into rapids.

ii.  Crosssection location and spacing

a. When there is only onerosssectionin a unit, place therosssectionat the
midpoint of the unit.

b. When there are multiplerosssectionsn a unit,equally space the craesgctions
throughout the unitFigure D). Crosssectionsshould be oriented peendicular
to the bankfull channel.

c. Crosssectionsshould not be closer than 1/106f the site length aparMove
additional crossectiongo the next largest unit if too crowde#or example, the
minimum spacing between cressctions at a 120 m Igrsite would be 1.2 m.

d. Crosssectionsshould notrosstwo or mordaterallyadjacenthannelunits.
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--- Cross-Section Locations

Channel Units
| [ |Riffle
[ Fast Water Non-Turbulent

[ Slow Water/Pool

Figure29. Exampleof how to distribute pebble couatosssectionsat a site.

Step 2. Select 11 sampling points at eawbsssection.

i.  Ateach crossection, visually divide the crosection into 11 equally spaced sampling
points running perpendicular to the stream channel, and spanning the width of the
bankfull channel. (Figur80).

¢
= ’ {—1—\ 'gl ‘UJ

a;{@@@@@@@@@@@-&%
. =

‘f?t
J *

N

Figure30. Example of a crossection layout.In this example, distance between samesm
because the bankfull width i2 In. Particle amplelocation is shown with aircle and
crosshairs
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Step 3. Select and measure particles.

i.  Select particles at sample poibigturning your eye away and extending your finger
down and pickag up the first particle that yoleel at the tip of your boot.

a. Use a gravelometdFigure 3) to classif the baxis of each particleRecord the size
category(Table8) for the largest square opening that the particle does not fit through.
For example, if the particle fits through the 180 mm square but does not fit through
the 128 mm square it is classified as the-128 mm size clas

b. Record silt and clay particlékat are < 0.06 mm in tH®&0002-0.06 mm size class
Silt and clay patrticles are smooth when rubbetween the thumb and fingers
whereas sand rolls between the fingesgritty).

c. Use the thin edge of the gravelonrdate determine andparticles between 0.06 and 2
mm. (Note the thin edge of the gravelometer is 2 mm wide)

d. For particles >128mm and <612mm, measure the-bxis using the notches at the
top of the gravelometer.

e. For paticles >512 mm, measure andcad the length of the-bxis using the top
edge of the gravelometer or a depth rod.

f.Record fibedrocko when encountered at samp

g. If your finger touches a thin layer of fine sediment covering a larger particle, then
measure the fine sediment, no¢ targer particle.Conversely, if your finger touches
a rock covered by individual fine sediment particles; measure the rock.

h. Do not measure stream bank particles

i. For embedded particles that cannot be removed from the stream bed, use the notched
edge ofthe gravelometer or the depth rod to measurevad) and record the
appropriate size class.

Figure31l. Gravelometeused to classify the-axis ofparticles
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Table8. Size categories for sedimentthe range of siltlay to bedrock. Record the size range
that the particle falls within (e.g., 481).

Size Rangémm)

Description of particle size Lower Upper
Bedrock n/a n/a
mega > 4000 n/a
very large 2896 4000
2048 2896
large 1448 2048
Boulder 1024 1448
medium 724 1024
512 724
small 362 512
256 362
large 180 256
Cobble 128 180
small 90 128
64 90
very coarse 45 64
32 45
coarse 22.6 32
16 22.6
Gravel medium 11.3 16
8 11.3
fine 5.7 8
4 5.7
veryfine 2 4
Sand 0.06 2
Silt/Clay 0.0002 0.06

8.6.2 Cobble Embeddedness

Cobble embeddedness is a measure of the degree to which a cobble is buried by fine sediment.

Embeddedness is the percentage ofsedimen&@bbl eds
mm (sand and silt/clgy High cobble embeddedness results in a reduction of interstitial spaces

bet ween particles and makes the substrate mor

i.  Estimate embeddedness for all cobdileed particlesg4 mmi 256 mm) that are selected
during particle size distribution sampling. Record estimates to the nearest 5%.

i. Embeddedness is estimated as the product of two values:

a. The percentage of the cobbl eds

surface
streambed (Figure82A), and

b. The percentage of fine sediment < 2 mm indbpressiommmediately
surrounding the cobble (Figug2B).
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Step 1.Estimate percent buried.

i.  Before removing a particle from the streambed for measurement, feel around the edge of
theparticle to determine at what point the particle is below the stream bed samthce
note the boundary between the portion of the particle that was buried and the portion that
was not buried (Figurg2A).

i.  Remove the particland estimate the percent ti@buried by comparing the proportion
of the particleds surfac@Ax hat was exposed

Note:If a cobble cannot be removed from the streambed, the particle is at least 50%
buried. Measure the-&xis of the particle and confirm that it is a qualifying cobble.

Step 2.Estimate percent fines.

I.  Examine the substrate within the depressimmediately srrounding the cobblehere
the buried portion of the cobble was removed, and visually estimate the percent of the
substrate that is composed of fine sedimeRtm. If the substrate is not clearly visible
due to water surface turbulence or turbidity nonaly collect a small grab sample of the
substrate, hold the sample above the water surface, and visually estimate percent fines for
the sample.

Step 3.For each cobble, record the percent buried and percent fines.
i. If acobbleis 0% buried, do not recqrdrcent fines.

A) Percent Buried B) Percent Fines

Line indicates
streambed surface 0

Figure32. lllustrationsdepicting the two methods used to estimate embeddedness: percent
buried (Panel A) and percent fines (Panel B). Panel A) The cobble is buried 20% beneath
the streambed surface. Panel BgBediment in the depression immediately surrounding
andbeneath the cobble (indicated by the circle) is composed of approximately 10% of
fine sediment € mm.
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SECTION 9: SITE LEVEL ATTRIBUTE S

9.1 Site Map

ReferencesModified from Heitke et al(2011).

Equipment: Paper, pencil, clipboard

Objective: Draw a site map which contains important features to characterize the site.

The site map will be used in conjunction with site photos, UTM coordinates, and verbal
descriptions to assist a crewrglocating a site in the future. Site mapgy(ire33) areimportant
to help characterize a sitand relocate benchmarks, control poimenumentsand temperature
loggers It is essential that the artist takes his/her time to accurately draw tolszaileique and
significant features of each sit&ttempt toreference the location diier 1 channel units and
side channelsAlso indicatethe presence of anthropogenic influeaseich as logging, cattle
grazing,dikes, etc Table 9identifies featurethat may be included in each site map along with
some commonly used symbols.

Table9. Site map features and commonly used symbols.

Features (Labels) Symbol Features Symbol

Benchmarks (BMletc) < Road

Site Monuments (Morth) ﬂr Fence
Bottom and Top Site Markers (BSM,TSM) A Coniferous
Control Points (CB0L, etc) * Deciduous
Stream Temp Logger location Labeled Herbaceous

North Arrow N—> Stump

K

€23

¥

VAN
Flow Direction Flow Large Wood b
Pools @ Wood Jam %
> 277717
2 2

Bars Cut Bank
Upslope Area
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CHaMP Site Map

SiteD  Fesoc593-0361873 Tueannon Rver

o

s
Jtzg Oy

9,

A

T
k | sty =

Figure33. An exampl e of a site map used to help che
features.
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9.2 Photos
ReferencesModified from Heitke et al(2011).
EquipmentData LoggetCamera, depth rod, compass.

Objective:Capture site characteristics with photos and replicate photos from previous visits to
track changes over time.

Photos are used to help characterize and visually assess site conditions asendia &/hen
relocating sites for future sampling.

Follow these steps when taking photographs:

iv.

Always takea photoof the Site IDfirst. Record the stream name, full site name, and date
on a blank piece of paper and take a photo of the paper. This should be the first photo in
the series of site photos.

Lighting is critical for quality picturesAlways attempt to take photos during opdl

light conditions. Avoidohotographs whenmauch of the site is shadeddor only

partially illuminated. To ensure quality photos, take photos when the sun is at a low
angle in the morning or evening and have the sun at your back.

Do not use the zooror any image
Capture all images in landscape format.

9.2.1 New Sites

Site Overview: Taken from a point that best captures site characteristics. Attempt to
gain a good view on top of a hill or other aerial vantage point (F@)reTake site
overviewphotos even when the stream is not visible in the photo to capture the
surrounding riparian area and floodplaiever take an overview photilom the stream
channel.

a. Record GPS coordinates of photo location

b. Takea compass bearirng indicatethedirection the camera was pointed for the
photo.

c. Write a descriptivanotedescribing the phottmcation.
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Figure34. Exampleof a good site overview photo. Photo captures the stream as well as the

surrounding riparian area and floodplain

Transect: Photos are taken from the center of blamkfull channel at transects@,,11,
16, and21.

a. Position the camera 1.5 m from the ground (use a depth rod as a guide). Ensure
that photos are at least 0.5 m above the water surface if wdtspsr than 1 m.

b. At each transect, take a photo from the bankfull cefdaeing upstream (center
up), facing the left bank (center left), facing downstream (center down), and
facing the right bank (center right).

Other: Additional required photos includaonuments, bottom and top site markers, and
stream temperature logger locatiol@&ews are encouraged to take extra photos that may
add context to a site such as large cut banks, side channels, LWD jams, or where channel
migration has/may occur.

9.2.2 Revisit Sites

At revisit sitespoth repeaphotos andghew photos will be capturedld photos will be
provided. When repeating old photos, the primary objective is to duplicate them as closely as
possible Examine features in the old photo to pinpdistiocation(Figure 35).

Repeat Photos

a. Transect: Replicateone photo looking ugiream and one photo looking
downstream at the following three transect locatiahshebottomof site(T1), at
the middleof site(T11), and at the top of site (T21Ro not capture left and right
photos at these locations.

b. Site OverviewEvaluate the Site Overview photo provided and replicate photo
using GPS coordinates and compass bearing provided.
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ii.  Repeat Photo Instructions

a. The transect 11 location may not be in $slaene precise location as past surveys.
Use the current transect location as a starting point to relocate the old photo
location. The exact location of the bottom and top of site were located during site
set up (Section 4.3). Replicate photos at thgaetdocations.

b. After locating original photo point, use unique objects in the original photo frame
to line up photo correctly (Figure B5

c. Pay particular attention to the corners of the old photo, does your photo have the
same features in each corner?

d. Does your photo look like it is too close or too far awd§8o move.

e. Is the horizon the same? For example, is the meadow behind the stream towards
the top of the old photo, but near the middle of yours? If so make the necessary
adjustments.

f. Onceyoutaké he new photo, compare it to the
shoot it again.

iii. New Photos

a. Transects:New photos are taken from the center oftiaakfull channel at
transects 6 and 16At each transect, take a photo from the bankfull center: facing
upstream (center up), facing the left bank (center left), facing downstream (center
down), and facing the right bank (center right).

b. Other: Additional new required photos include monuments, bottom and top site
markers, and stream temperature logger ionat Crews are encouraged to take
extra photos that may add context to a site such as large cut banks, side channels,
LWD jams, or where channel migration has/may occur.

Figure35. Exampleof a good repeat photo. Photo captures both sides of the stream as well as
the woody debris in the foreground. The trees are also lined up in the exact location as
the previous yearo6s photo.

May 15, 2016 77



2016 Field Version

9.3 Solar Input
Equipment:Solmetric SunEye

Objective: Measure the amount of solar radiation entering the stream channel at evenly spaced
transects throughout the site.

The Solmetric SunEye device is used to measure solar radiation at the center of the wetted

channel at albdd numberedransectgl, 3, 5,7, 21). To ensure accuracy in estimation of solar
radiation, it is critical to capture good quality imagéglequate atmospheric conditions are

necessary to achieve usable images. These conditions include low sun angle (dawn or dusk is

ideal) oruniformover cast sky and abs eitsalsomnfportanutaholdf | ar e
the SunEye as level and steady as possible to ensure that images are clear and representative of
the vegetation directly overhea8ee Appendi for Solmetric SunEye opating instructions.

The SunEye captures images that are called fis
session. Namthe session using ti&#te ID and datde.g.,CBW0668345780620140801

ODFW).

Step 1. Determine solar input measurementons.

i.  Collect solar input measurements at the center ahtiiawetted channel at atidd
numberedransects within a site {21).

Note: For revisit sitesif a site has less than 21 transemsordiinot measuredeature
d o e s n dot theemissing bdéhumberedransect locations

ii. If amidchannel bar occurs in the center of the wetted channel, the solar reading in this
case would fall over a dry surface.

iii.  If anisland occurs in the centafrthe wetted channel, conduct the solar readirttye
center of the main channel.

Step 2. Collect solar input measurements.

i.  Holding the SunEye 30 cm above the wetted or dry surface, orient the instrument so the
headings centered on true South antsare that the instrument is level. Stand on the
North side of the instrument.

ii.  Capture the skyline image. Review the image to ensure that it is not blurry and that your
head is not blocking the sun path (Fig86¢. Retake image as many times as necessary.
Delete all bad images.

iii.  For eachransectrecord the skyline numbeértheData Loggef i 01060, fA020, et c.
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Figure36. Example of a quality skyline image that clearly captures the surrounding vegetation
and an image showing how the skyline image is converted tolatdsolar input.
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9.4 Riparian Structure
ReferencesModified from Kaufmann et al. (1999) and Peck et al. (2001)
Equipment: N/A

Objective:Quantify the effective areal cover, siznd type of riparian vegetation at each site.
Step 1. Lay outplots.

I.  Attransets 1, 6, 11, and 2Visually estimate a 1 by 10 m square plot on both the
right and left banks centered on each transeldt boundaries should extend 5 m
upstream and dawstream from the transect aadlistance of 10 m back into thparian
vegetation from the edge of the bankfull channel.

ii. If alargeor smallside channek presentilong a transegclocateplot(s) onthe outermost
bank Do not locate plots on islands or bars

lii.  On steeplysloping channel margins, estimate thgtance into the riparian zone as if it
were projected down from an aerial view.

Step 2. Conduct visual estimations of areal cofrem the center of each plot at all 5 transects

Within each 10 m by 10 m plot, visually divide the riparian vegetatitmthreeverticallayers:
canopy layer (35 m), understory layer (0.5 to 5 nand a ground cover layer (<5 m). For

each vertical layer, estimate areal cover as the amount of shadow that would be cast by that
particular layer alone if the sun was ditgoverheadRound all estimates to the nearest 5%.

Note Estimates of areal cover for the canopy and understory layersniylsum to 100%wvhen
there is no open sky visible through the foliage.

i. Canopy Layer (%6 m):

a. By vegetation typeEstimate the percentage areal cover in the canopy layer alone
that is contributed by each of the following vegetation tyfesoniferous, 2)
deciduous3) broadleaf evergreefRussiarolive), and4) dead woody vegetation.

b. By size:Estimate the percentageeal cover in the canopy layer alone that is
contributed by each of the following size categories: 1) large tre@$ (»
diameter at breast height (DBH)), and 2) small tree&3<m DBH).

Note: The sum otanopy layer by vegetation type must eghalsum of canopy layer by size.
il. Understory Layer (0.5 to 5 m):

By vegetation type: &imate the percentage areal cover in the understory layer alone that
is contributed by each of the following vegetation typesahjiferoustrees or shrubf)
deciduoudrees or shrubf) broadleaf evergrege.g.,Oregon grapesagebrush,
ceanothus/buckbrush)) forbs and grasses, and 5) dead woody vegetation.

ii. Ground Cover Layer (8.5 m):

Estimate the percentage of the ground covered by the follawaitegories: 1) trees,
woody shrubs and tree seedli{ggluding basal area of live or dead tre@3)forbs and
grassegincludes moss and lichens) bare dirt, 4) duff or woody debris, and 5) rock.
Cover percentageshould sum to 100%.
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9.5 Water Tempeature
Referencelsaak et al(2010.

Equipment:Onset TidbiT, PVC housing materiedbles epoxy, rubber gloves, underwater
viewer.

Objective:Install year round water temperature sensors at sites using one of two installation
methods.

Water temperaturgensors will be placed at all annual aothtingpanel sites within each
CHaMPsubbasin At new sites where sensors have not been established, it is important that
watershed leads make a concerted effort to install all sensors before high summetuesspera
(approx. July 15). When early flow conditions do not permit installation with the epoxy method,
use the wire method initially and have the crew members apply the epoxy method (where
applicable) after flows have subsided. Temperature data shodtwMdoadedn the fall and

before high spring flows.

9.5.1 Establishing New Sensors
Step 1 Identify sensor placement location.

i. Epoxy Method:Search for a large rock or boulder (cismatic megaboulders are best)
that will be immobile during large flats and is easy for others to identify on subsequent
site visits. Finding a good rock ithe most important step to a successehsor
installation. If a suitable rock is not available, consider placement using the wire method.

a. Optimal placement locatiarfor rock and boulder secured sensors include:

I Rocks, boulders, or structures that will not move or be disturbed at high
flows.

ii.  Boulderslarge enough that they protrude above the low flow water surface
and wide enough that they can effectively shields#mesofrom moving
rocks or debris duringigh flows

iii.  Areasdownstream of large rocls pockets of relatively calm water with
smaller substrate sizes.

iv. A relatively flat downstream attachment surface that is deep enough to
remain submerged in flowing watfor the entire year.

i. CableMethod: If there is not a suitable rock or boulder within or in close proximity (100
m) to the site, identify a secure location such as the base of a tree or root wad to attach
the sensor using a metable

a. Optimal placement locations foablesecured sensors include:

I. Areas with sufficient stream flow that will maintain yeaund flow, but
outside of strong currents. Also consider whether the sensor attached to
the wire will move at high flows and placenser so that it will not get
hung up in vegetation or left on the bank.

ii.  Locations away from seeps or steep banks on the side of stream in order to
avoid groundwater influences.
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iii. Camouflaged or inconspicuous locations at sites with high public use. In
thes instances, vegetation, grasses, or cobbles may be used to cover wire
or hold wire in place.

b. Suitable locations for attaching sensaray be relatively rare within Vo-
gradient, meadow reaches these instancesxamine potential placement
locations namore than 100 mpstreamor downstreanof the site and away from
tributary influences

Step2. Install and record sensor location details.
I.  After identifying a suitable sensor placement location:
a. Record sensor serial number.
b. Install sensor.

c. Take a GPS reading. Record UTM coordinaaesuracyand the date and time
installed.

d. Record the stream bank that the sensor is nearest to and the distance from that
stream bank. Ifableis attached to a tree on the bank, record the distance from
bankas 0.

e. Record thaattachment methoascable or epoxy.

f. Take a photo of the sensor location. Include enough of the surrounding
environment in the photo to relocate the sensor.

g. Write a detailed description of the sensor location irptaeement locatiofield.
Description should include distance from site bottom and any other pertinent
information for relocating sensor at subsequent visits. The more detail the better.
For example: Sensattached to grey, rectangular boulder 1 m in diameter near
river left (~1.5m from bank), Gm upstream from transect 12 (3ensoiis
attached to the base of a small willow, m@&lownstream from top Giteon river
right.

h. Notesensotocation on site map.

i. After sensor has been in the water for approximately 1 hour,ureeasd record
the instantaneous water temperature near the sensor using a handheld
thermometer Record the date and time instantaneous temperature is measured. It
is preferable to measure the instantaneous water temperature at the top of the hour
when he installed sensor will be recording information.

9.5.2 Previously Installed Sensors
Step 1. Locate previously installed sensor

i. Use existing photographs, GPS coordinates, and site maps to locate the previously
installed water temperature sensor.

a. If sensor location is found but sensor is missing, search downstream to see if
sensor can be found. Note if sensor cannot be loc&stdblish a new sensor
using the criteria outlined above.
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Step 2. Download sensor data and record information

i.  Remove theensor from the housing unit and confirm that the correct sesesiai
numberwas recorded when originally installed. Avoid removing sensor from the water
when it will be recording one of its hourly temperature measurements (on the hour).

a. Download sensausing the sensahuttle(AppendixG).

b. Note whether the red light on the sensor is blinking. If there is no blinking light,
replace the sensor and notify the watershed lead.

c. Recordin the sensor condition fiekthe current condition of the sensor as being
submerged in flowing water, submergedon-flowing water, dry, or missing.

d. Record f thesensohas been left in place, removed, or moved toore suitable
location Movethesensor if it is imonflowing water or buried in sediment.
Replace sensor with a new ondé i missing. Recordactionin the action field.

e. Take a new GPS reading. RectftiM coordinatesaccuracyand the date and
time sensor was downloaded or checked.

f. Verify and update sensardation information as needed such as stream bank,
distance from bank, attachment method, and location description.

g. Take a new photo of the sensor.

h. Measure and record the instantaneous water temperature near the sensor using a
handheldhermometer Recordhe date and time instantaneous temperature is
measured. It is preferable to measurement the instantaneous water temperature at
the top of the hour when the installed sensor will be recording information.

i. Note the sensor location in the site map.
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9.6 Discharge
Reference:Peck et al(2007).
Equipment: Velocity meter, tape measure, pins, depth rod.

Objective:Measure depth and velocity at increments along a-s@s#on in order to calculate
discharge of the site at the time of sampling.

Depth andrelocity measurements are maakeonecarefully chosen channel cressction. It is
important to choose a chanmebsssectionthat is as much like a canal as possiblget the best
estimate of the amount of water flowing through the skd-ast Wate Non-Turbulent areavith

a U-shaped channeflosssectionthat is free of obstructions provides the best conditions for
measuring dischargerou may remove rocks and other obstructions to improvertyss
sectionbefore any measumeents are madeAt smaller streams during low flows, velocity with a
flow meter may be impossible to measure.

Step 1. Identify crosssection location.

i. Locate acrosssectionin the stream channel that has most of the following qualities:

a.
b.

d.
e.

Segment of stream above and betbe selected crossectionis straight

Depthsaremostly greater than 15 cm, and velociéesmostly greater than 0.15
m/s. Donotmeasure discharge in a pool.

"U" shapedchannelwith a uniform streambed free of large boulders, woody
debris or brush,rad dense aquatic vegetation.

Flow is relatively uniform with no eddies, backwaters, or excessive turbulence.
Is located in close proximity to the bottom of site.

ii. If an appropriate crossection location cannot be identified within a site, extend the
search upstream preferablydownstream of the site boundary, avoiding locations that
would differin flow from that of the sitsuch as entry areas of tributaries artk
channels within the site extent.

iii. Avoid locating crosssections where 100% of the flow is not in the channel (side channels
are present). If this situation is unavoidable, such as a braided channel, take separate
crosssection measurements, one ia thain channel and one in the side channel(s).

Step 2. Set up crossection and identify measurement locations.

i. Stretchand secura meter tape across the stream perpendicutheftow with the
Azeroo end on the | eft bank.

ii. Divide the total wetted streawidth into 15 to 20 equigl spacedntervals(Figure J).

a.

b.

To determine interval width, divide the width by 20 and round up to a convenient
number.

Intervals should not bepacedess than 10 crapart even if this results in less
than 15 intervals.
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Take he firstdepth and velocity measurement at the left edge of water. If depth is O,
record velocity as 0. Conduct the second measuremeiniteneal out from the left
bankand continueneasurements at each interv@ihe last depth and velocity
measurement will be at the right edge of water.

Measure stream depth (D) at each
interval, and obtain velocity

o v St mossremans 0T ofocop XSG SUNCITS  Rosor e
beginning at left margin from the surface \ %ﬁtdrﬁgtrgiﬁf

| WATER SURFACE

PRK/DYP BI0E

Figure37. Crosssection of a streambed showing location of discharge measurements.

Step 3. Measure depth and velocity.

Stand downstream of theelocity meter when takingieasurements.

If the depth is O record the velocitg @ If velocity is negative), recordthe measured
velocity.

Place the topset rod in the stream at the interval point and record the waterSidyitie
topset rod to the correct heighthis will raise or lower the velocity probe to 60% of the
water depth at that intervaRosition the velocity probe directly perpendicular to the
stream channel and hold the topset rod vertically |ewit for the progress on the
velocity meter to go through alf 10 second cycle.g., fully through 0% to 100%).
Record the velocityMove to thenext interval point and repetite same procedutsntil
depth and velocity measurements havenbreeorded for all intervals.

. Take the last depth and velocity measuréha right edge of water. Verify that the tape

distance of your final measurement recorded in theldgtger is equal to the tape
distance at the right wetted edge.
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9.7 Water Chemistry
Equipment Conductvity meter,thermometeralkalinity test kit

Objective Measure conductivityinstantaneous water temperatumed alkalinity at the
upstream end of each site above the last transect flag. Take each measurement in flowing water
near the center of the channel.

Step 1 Measure conductivity.

i.  Collect a sample of water from the stream using the 20 ml sample cup provided with the
conductivity meter.The sample should be from underneath the surface of the water (hold
the cup upside down when dipping it into the strethen turn it upright to getater
sample).

ii.  Measureconductivity using the conductivity meter amtord inmicro-Siemens per
centimeter (us/cm).

iii.  Recalibrate the conductivity metaiter every sampling hitch according to the instruction
manual.

Step2. Measure instantaneous water tenapere.

I.  Measure and record the instantaneous water temperature at the time of conductivity
sampling using the conductivity meter (if applicable) or a handheld thermometer.

Step3. Measure alkalinity.

i.  Using the alkalinity test kit, measure and record TAtkhlinity to the nearest 4 parts per
million (ppm).

ii.  Instructions for using the LaMotte Alkalinity Test Kit can be found in Appendix J.
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9.8 Macroinvertebrate Sampling

EquipmentDr i ft nets (500 em mesh, mouth =icah 0 <c
spacers, hammer or mallet, mesh sieve O 50
tub/bucket, 95% ethanol (EtOH), legkoof sample jars (scretep only), preprinted sample jar
labels (laser printed on Rita-the-Rain paper only), pensi packaging tape.

m
0

Objective:Collect a quantitative sample that describes the abundance and composition of
macroinvertebrates actively drifting in the water column and at the surface of the stream.

Step 1. Determine the drift crossection location.

i. Drift nets will always be deployed above the site to avoid unintentional introduction of
debris or macroinvertebrates into the dilfo not disturb the stream substrate or riparian
vegetation upstream of nets.

ii. The ideal drift crossection location is neardtdownstream end offaast Watechannel
unit (e.q., riffle or norturbulent) with a length approximately equal to the average length
of Fast Watechannel units within the site.

iii. ldeal drift crosssections have as many of the following characteristicossilpe.
a. Segment of stream above and below the drift esession is straight.
b. Depths range from 1530 cm; 10 and 40 cm are minimum and maximum depths.

c. Moderate velocities between 0.3 and 0.6 m/s are ideal for drift sampling. Drift
nets become diffictito maintain and often clog at high flowat low flows they
are inefficient at capturing macroinvertebrates.

d. "U" shaped channel with a uniform streambed free of large boulders, woody
debris, brush, and dense aquatic vegetation.

e. Flow is relatively unifom with no eddies, backwaters, or excessive turbulence.

Note Drift crosssection locations will be very similar to ideal locations for measuring stream
discharge.

Step 2. Determine net deployment locations along drift cressstion.

i.  Two drift nets will bedeployed adjacent to one another along your drift sample-cross
section (Figure 8).

ii. Choose two net deployment locations along your drift esession that best meet flow
and depth criteria in step 1.

iii. ldeally nets will be separated, not siolgside.

iv. In small streams it may be necessary to place drift netsisiggde so that each net can
be deployed in areas tifechannel that meet depth and flow criteria.

v. In extremely small streams there may only be space for a single net to be set in a location
that kest meetdepth and flow criteria.

vi. In some cases (i.e. small streams), it may be necessary to move rocks and remove aquatic
vegetation in order to create ideal conditions for drift sampling.
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Step 3. Deploy drift nets.

Orient drift nets perpendicular tm@facing the stream flow (Figuré&)3

Anchor drift nets in the stream channel between two pieces of rebar driven into the
streambed roughly 25 cm apart.

Suspend the bottom of the net mouth 2 cm above the streambed by sliding vertical
spacers over each peof rebar (Figure®. The spacers are used to ensure that the
bottom of the net does not come in contact with the stream bed and deters invertebrates
from crawling into the net.

C W

Figure38. View of active drift nets lookingpstream.

Vi.

Vii.

. The top of the net mouth should always extend above the stream surface.

Deploy drift nets at least two hours after sunrise and pull them at least two hours before
sunset. Sunrise/sunset times for individual locations are available at:
http://aa.usno.navy.mil/data/docs/RS_OneYear.php

When installing the nets, leave the collection cup off so that anything that might be swept
into the net during installation passhrough. Insert cadiction cup after installing nets.

Strive for a sampling duration of at least three hours. Do not disturb the nets during the
collection period.

a. Monitor the nets while sampling as often as necessary to check for signs of net
clogging. Drift nets may becarclogged at high velocities and in streams
carrying large amounts of suspended material. Clogged nets cause water to back
up at the net mouth, potentially jeopardizing the validity of the sample.

b. If debris levels are high or net clogging is appareay@e for a shorter duration.
Drift samples should be employed for a minimum of 1.5 hours.
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Net Width: 20 cm

daus

Water Surface — — — —

Net opening
facing upstream

Net Height: 40 cm

L € - - ——————— -

Spacers used to raise
net 2 cm above the
streambed

Figure39. Prevent the bottom of the net from resting on the streambed by using 2 cm vertical
spacers. The depth of flow is measuiredn the water surface to the bottom of the net mouth.

Step 4. Measure and record data.
i. Record the start and end time, depth, and flow velocity at each net.
a. Record the start time and end time for each net to the nearest minute.

b. Measure and record theptk of flow entering the net just after setting and just
before removing each net. The depth of flow is measured from the water surface
to the bottom of the net mouth (Figur@) 3

c. Measure and record the flow velocity entering each net just after settijgsa
before removing each netake the initiavelocity measuremeritnmediately
after attaching the cuprl'he flow velocity is measured at the center of the net
mouth at a depth equal to 60% of the depth from the water surface to the bottom
of the netmouth.

Step 5. Collect drift sample.
i. After completing the sample, lift the net vertically without disturbing the substrate.

il. Hold the net vertically (cup down!) and rinse material into the bottom of the drift net cup
using a spray bottle.

a. Transfer the matial (invertebrates and organic matter) retained in the net into
sample jars with a small spoon and rinse any remaining material in the net into the
jar with a squirt bottle.
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b.

Fill the jar(s) with 95% ethanol (EtOH) using at least a 1:1 ratio of EtOH to
macroinvertebrates/organic matter. Use additional jars if the volume of
invertebrates/debris fills more than %2 of the sample jar.

Label the jars inside and out with the project name (CHaMP), complete Site ID,
date, crew, and net number using Ritehe-Rain labels. Only use pencil to write
on labels. Attach labels on the outside of jars using clear packaging tape.

If there are multiple jars, label them as 1 of 2, 2 of 2, etc. Repeat this process for
samples collected in each individual drift net.

Do notcombine the contents of separate drift net samples

EtOH works as a disinfectant and is not really a preservative. Therefore, use
adequate quantities of EtOH (1:1 ratio) and attempt to keep samples cool (i.e., in
coolers or refrigerators) while awaitingipment. Avoid keeping samples in the
sun or in hot vehicles.

Step 6. Ship Samples.

Samples are required to be shipped to the Rhithron laboratory weekly or at the end of
each hitch. Make sure that samples are soaked in the 1:1 ratio of EtOH for 48 least
hours before shipping. If necessary to meet this requirement, samples collected on the
last day of a hitch may be held until the next shipment.

Do not ship samples full of alcohol. Take the following steps before shipping samples:

a. Decant the alcohalntil samples are just moist and ship with overnight delivery

b.
C.

(be careful about weekend delivery schedules). Rhithron will recharge in fresh
EtOH on arrival.

Verify that each jar is adequately labeled and that labels are legible.

Prenotify Rhithron foreach shipment to ensure that someone is on hand to
receive and process the samples.

Complete the chainf-custody document. Include one copy by email te pre
notifying Rhithron, include a copy in the shipment box, and retain a copy for your
records.

90

Prepared by CHaMP for BonnevilRower Administration



Salmonid Habitat Protocol for CHaMP

SECTION 10: DATA MANAGEMENT

The CHaMP data management plan is integral to ensuring successful capture, quality
assurance, and archiving of CHaMP field data along with the derivation and reporting of site
level metrics. The data system will be comprisedelfifdata capture tools and a centralized
database with an online interface. The online interface will suppestgaigon site evaluations,
tracking project metadata, uploading field data, quality assurance procedures, and reporting
derived metrics. Undehis plan, data will initially be captured on handheld field computers and
then uploaded to the online database when internet connectivity is available. A standard set of
field data capture devices will be provided which will include data entry applisafior the
topographic and auxiliary habitat surveys. This-veot system allows remote capture of data
and centralized management of metadata, frddsurementsnd derived metrics. Collectively,
these tools support CH aadgRreé, slatadjaatityg infdrmmatianme nt at i o
archiving, standard metric calculation, and project reporting needs.

Data management activities will be conducted duringspason, fielsseason, and poest
season activitieTable D).

Table10. Timingof data management activities throughout the year.

Timing Data Management Activities
PreSeason (Apriune 15) Document project, statistical design, and site
evaluation metadata.

Field-Season (June 1Sept 3¢) Daily data capture anguality assurance review of
topographic and auxiliary data. Complete weekly
quality assurance procedures and generated TIN
for each site. Perform weekly uploads of datasets
CHaMP website.

PostSeason (Oct-10ct 30" Ensuredataset are completePerform quality
assurance on completed datasets and derived sit
level metrics.

10.1 Pre-seasorDocumentation

Thorough documentation is essential for ldagn scientificdataset. Documentation
provides the opportunity to use data properly for bédihmed and unplanned analyses and
decision making. Documentation must capture the statistical design for sampling, measurement
procedures, data quality, and data reduction steps. Most documentation dustagttipyear
for each watershed will occur both narrative€.g.,this document) and structured (database)
formats. Capturing documentation directly in the CHaMP database will ensure direct linkage
with data and will support searching of data.

The project and statistical design information wéldntered directly to the CHaMP
website using the Project and Study Design utilities by each CHaMP project supervisor. Project
information will include agency, staff, roles, BPA project number, watersheds to be monitored,
and other pertinent informatiorstudy design information will include the extent of sampling
frame, defined stratum, list of GRTS sites within each stratum, sampling allocation across
stratum, and temporal sampling frequency. All projects will participate in a three day workshop
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that will walk participants through the process of defining the study design for their given
watershed. Decisions made during the workshop about study design will be recorded through
the CHaMP website using the Study Design utility. This information will i@dtand tracked
directly with raw measurements and derived metrics.

Following the study design workshop, the project supervisor will begin evaluating sites
for inclusion in the summer sampling effort. The evaluation process will be completed through
the CHaMP website using the GRTS Site Evaluation utility. Each site is evaluated for its
conformance to the statistical design, its ability to be safely access by field crew, and to arrange
for access permission on priedand. Evaluations rngbn assessmés using Google satellite
images, USGS quad mapesndownershipnaps, other GIS layers, local knowledge, and in
limited situations, field reconnaissance. Evaluations will be recorded in the Site Evaluation
form. The evaluation process will produce adiksites to be visited for the given year, along
with latitude and longitude coordinates. The list will be saved as a text file and loadeahi® a
held field computer

10.2 Field Data Capture and Field Quality Assurance

Topographic survey data aadxiliary data will be captured using separate data logger
applications. Auxiliary data (wood loading, substrate composition, etc.) will be cdptuee
single crew member using a handheld field computgron arriving at the site, the crew
member willlaunch the application, then select the site and crew and enter data about current
environmental conditionsAs the crew member completes sampling they will enter data into
forms under the Site, Channel Unit, and Transect tebs categorical data, ttegpropriate
value will be selected from a pull down ligeor numeric data, values will be entered using an
onscreen numeric padNumeric values that fall outside an exmehtange will produce a
warning to the crew membemhe warning asks the crew mber to review the value and to
either accept the value as a correct value or enter a new Vdlisewarning system will limit
the potential for entering erroneous d&@wever it does not prohibit crew entering of extreme
values. Additional warningsiWbe triggered if required values are not entered for a given data
form. A detailed user guide will be provided for the auxiliary data entry application.

Data quality assurance review will be conducted on a daily basis by crew members and
on a weekly bsis by the crew supervisor. The quality assurance review will test for
completeness, outliers in numeric data, and outliers in basic summary metrics. At the end of
each day, the crew member will be prompted to verify the number of channel units, todal wo
pieces, and number of drift samples. Additionally, the crew will be prompted to review any
values recorded as a missing value. Next the crew will view and verify any numeric outliers. At
the end of each week, the crew supervisor will perform a sianildit of the data.

The topography survey will create a raw topographic point file (x, y, z data) from which
several gegectified products will be developed using Arc GIS 10 software. A triangular
irregular network (TIN) and DEM will be created as tlsdtopographic products from the
survey.

Data quality assurance for the topographic survey data will take place at four checkpoints
within the flow of data from origination on the total station to data storage and web availability.
These checkpoints Wreduce the likelihood of data errors compounding throughout data
processing. The four checkpoints are:
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Data origination (ital station)

End of day data review (total statioatd logger)
End of week data processing and reviewglop)
Centralized database checks (CHaMP dgtden)

The crew lead is responsible for creation and submission of the original point file, a lines
file (breaklines), a clean TIN, andjaality assuranceeport (table in geodatabase). These
should be produced thin one week of initial data collection.

»p wnhPF

10.3 Data Back Up and Submittal

At the end of eackamplingday field crew should back up data files to an external hard
drive. lItis critical that a daily back up is made in case the data logger is damagsdiaritay
field activities. The hard drive must be stored in a safe location and not tékéreifield
during sampling. The external hard drive should be stored in a wadégnd impact resistant
case €.g.,a Pelican cagdor crews that are workingn r emot e | ocati ons and
access to a bunk hous®n a weekly basis, the crew supervisor must upload all data files for the
week to the CHaMP website. This upload process will require an internet connection.

10.4 Metric Generation and End of Season Quality Assurance Review

Site-level metrics will be generated from data submitted to the CHaMP webs$iese
metrics will be presented in graphical and map format for all skethe end of each field
season, crew supervisors will reviesww measurements and derived metrics for data
completeness, numeric tiars, and ecologic sens€rew supervisors will be presentetith a
seriesof graphs through the CHaMP website and asked to verify data quality.
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Appendix A: Equipment Check List

Method Equipment Check/Status
All methods Data Loggeor dipboard with complete set of forms
All methods GPS

All methods Flagging/flags, Sharpies

All methods Metal forestry tags

All methods Tape measure

Site Setup Rebar caps

Site Setup Rebar

Site Setup Hammer

Site Setup Aluminum tag

Site Setup Map

Channel topographic surve Total station (with tribrach and data logger)

Channel topographic surve Tripod

Channel topographic surve Prism rod with topographic foot

Channel topographic survg Radios (2)

Channel topographic survel Umbrella or total station cover

Channelunit level Gravelometer

Channel unit level Fines grid and viewer

Channel unit level Marked shovel

Channel unit level Depth rod

Site leveli Map Rite-in-the-rain paper

Site leveli Photos Data Logger, camefgompass
Site level- Solar input Solar PathfinderSunEye

Water temperature Onset temperature sensor/Tidbi
Water temperature Sensor housing
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Water temperature

Wire brush

Water temperature

Rubber gloves

Water temperature

Fox epoxy

Water temperature

Installation wire

Watertemperature Handheld thermometer
Discharge 30 MeterTape/surveyors rod
Discharge Velocity meterprobe
Discharge Pins

Discharge Depth Rod

Water Chemistry ConductivityMeter

Water Chemistry

Alkalinity Meter

Drift macroinvertebrates

Driftnets-1 00 0&e m me s h,
sieve |l ess than or

mout h
equal

Drift macroinvertebrates

Sample jars, sample jar labels

Drift macroinvertebrates

Ethanol

Drift macroinvertebrates

Waterproof labels

Drift macroinvertebrates

Stopwatch

Drift macroinvertebrates

Forceps/tweezers

Drift macroinvertebrates

plastic bucket, plastic wash tub

Drift macroinvertebrates

spray bottle

Drift macroinvertebrates

packaging tape

Drift macroinvertebrates

portable velocity meter
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Appendix B: Fish Habitat Requirements Summary

Table1l. Habitat attributes that directly and indirectly affect the growth of juvenile salmonids in
stream environments.

Limiting Direct Mechanism Direct Habitat Indirect Mechanism Indirect Habitat
Factor Attributes Attributes

Food Energy inputs to Drift biomass is the  Factors that affect =~ Canopy cove(AP,
salmonids come mainly most direct measure the amount of food, LiDAR, solar
from drifting of food availability.  are: inputs from pathfinder)Riffle
invertebrates. Benthic biomassand terrestrial Substrate(pebb|e

drift biomass may be yegetation, riffle counts in riffles)Gross
correlated substrateavailable  Primary Prodiction
for invertebrates, and Stream
andprimary Respirationcan be
production estimated with a DO
sonde

Temperature Temperatureaffects all ~ Site temperature see factors related tc Channel unit
physiological processes measured with temperature but geometry, Canopy
including consumption temperature logger includeshade, bed  cover(AP, LiDAR, solal
rate and metabolism year round. material, thermal pathfinder,
which in turn affect buffers from ..)discharge, air
growth rates riparian veg, temperature,

climate, hyporheic ~ humidity, substrate
exchange, composition, valley
tributaries, topography(estimated
upstream flows, from external data
channel form sources)

Activity Activity occurs during  Foraging: Requires  Migration between  Habitat complexityis
foraging andholding high velocity resting, foaging, difficult to measure
position in moving (encounter rate) and predator avoidance, butincludes
water, migration, low velocity (holding) high velocity frequency, size, and
predator and zones found in pool currents, and location ofchannel
competitoravoidance  heads ¢hannel thermal refugia units, and structure.
(see below) units) and behind depends on the

structure in fast proximately of Location of barriers
moving water microhabitats within through inventories
(cobble, lwd. the home range and and GIS

obstacles between

them.
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Table1l2 Habitat attributes that directly and indirectly affect the mortality of juvenile salmonids
in stream environments.

Limiting Direct Mechanism Direct Habitat Indirect Indirect Habitat
Factor Attributes Mechanism Attributes

Starvation Consumed energy does
not meet energy
expenses, see above
review forgrowth
Predation Salmonids must avoid  Predator presence Hiding cover for Substrate composition,
predators and abundance salmonids LWD, channel unit
geometry, Undercut
banks measured during
field surveys

Habitat suitability = Presence of predators will
for predator species be dependent otlimate,

channel unit
characteristics, water
temperature.
Physical High velocity causes Temporally Channel Field surveys othannel
Processes mortality during high continuougdischarge complexity as unit characteristics and
flow events. measurements LWD, substrate structure (LWD,
composition, substrate)
channel geometry
and planform
offer refuge from
flow events
Water Extreme levels ofoxins  Temporally Benthic Field collections of
Quality or low levels of continuous measure invertebrate benthic
required components of temperature, community macroinvertebrates
(DO) which is related to composition is
levels ofDO related to many
water quality
parameters
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Tablel13. Habitat attributes that directly and indirectly affect the survival to spawning for adult
salmonids in stream environments.

Limiting . . : . . Indirect
Factor Direct Mechanism Direct Habitat Attributes Mechanism
Migration Barriers include dams, Location of barriers
barriers culverts, waterfalls, through stream networks
diversions through inventories and
GIS layers
Temperature Temperature has to be Temporally continuous see Temperature
suitable, and in places temperature monitoring at review in
isolated thermal refugiais  sites,spatially continuous juvenile growth
highly selected for and temperature information
necessary for survival. estimated using GIS
models
Predation Avoid predation from Spatially explicitiocation  see Predation

terrestrial and aquatic
predators. Cover such as
boulders, large wood,
undercut banks, and pools
to help aval predators.

of cover elements to review in
suitable spawning habitat juvenile survival
collected by field surveys
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Table14. Habitat attributes that directly and indirectly affsgimonid egg to fry survival in
stream environments.

Limiting Direct Direct Habitat Indirect Mechanism Indirect Habitat
Factor Mechanism Attributes Attributes
Scour High flows Steep, incised channels have Measurements athannel
scour more ability to scour redds geometry,planform,
substrate during high flows gradient, and availability
which of suitable spawning
contains channel typesfrom field
deposited surveys
eggs Suitable substratethat allows Field assessments ohé
burial of eggs to depths where sediment g.g.,pool-tail
scour is avoided fines sampling)
Dissolved Sufficient Field DO is highly dependent on Temporally continuous
Oxygen DO to allow measurements of watertemperature temperature monitoring
diffusion of DO
oxygen to
eggs Certainchannel unit types Quantity and quality of
(pool tails) have increased channel unit types
hyporheic exchange more measured during field
flow passing over eggs surveys
Fine sedimentaffects flow Substrate composition
through substrate to eggs assessmentsifbsurface
fines) assessed during fiel
surveys
Temperature Temperature Temporally

affects continuous

development temperature

time of eggs monitoring,
cumulative
temperature
(degree day)

dictates emergenc

timing
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Appendix C: Monitoring Attribute Review

Tablel1l5. Ranges of precision and accuraogasures of various categories of stream habitat

attributes.
Correlation
Attribute Metric RMSE Ccv S:N (R? to Source
"truth"
Bank Bank Angle - 20.6 17.13 USDA Gen Tech
Attributes Rpt RMRSGTR-
122. 2004
Undercut Depth - 0.06 20.6 Unpublished data
Large Woody LWD Frequency 1.21% 16.41 87.11 .96-.71 Roper et al. 2010
Debris 1.77 64.5 4.4
LWD Frequency 0.97 18.61 13.87- NA Whitacre et al.
17.9 42 74 2007
Thalweg Gradient 0.02- 5.9- 4.9- 0.98-0.99 Roper et al2010
Profile 1.01 29.5 188.2
Sinuosity 0.04- 3.1-88 1.0- 0.76-0.95 Roper et al. 2010
0.11 13.0
Pools % Pools 5.5- 21.8- 0.4- 0.38-0.95 Roper et al. 2010
12.9 80.7 135
Pool Frequency 9.2- 22.5- 0.2-5 0.03-0.43 Roper et al. 2010
27.0 77.3
Residual Pool 2.5- 12.7- 0.2- 0.12-0.94 Roper et al. 2010
Depth 18.4 54.9 11.9
Stream width Bankfull width 0.33 7.3- 2.5- 0.520.73 Roper et al. 2010
2.58 35.9 58.1
Width-to-depth 2979 19.0- 15-21 0.000.49 Roperetal 2010
30.1
Substrate %Fines 48-14 26-64 0.3-7 0.07-0.84 Roper et al. 2010
Pebble Counts/fy 14-24 28-66 1.0-6.0 0.730.92 Roper et al 2010
Embeddedness - - - - Sylte and

Fischenich 2002

Specific measures of each attributes performance can be ranked using the prargasgd
scheme of Roper et aR@10. These ranks are meant as guidelines only and may not be

applicable in every situation: RMSE&E t t r i but e

speci fic,

canot

low > 35%, moderate 285%, high < 20%, S:N low < 2.5, modera 2.51 6.5, high > 6.5,
Correlation to the truth low < 50%, moderate 505%, High > 75%.
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Tablel6. Summary of metric review for various attributes collected under fish habitat
monitoring protocols.

Category Stream bak attributes

Reviewed

Metric(s) Bank stability, bank angle, undercut banks
Reviewed

Critical function of
the attribute

1 For Fish Habitatzhow accelerated erosion of stream banks affects
guality/availability of spawning gravel, cover, shelter from predators,oxygen
levels, stream temp.

1 Stream Character sediment budget, how accelerated erosion affects the biologica
and physical functions of streams.

Protocols revieweg

ISEMP, PIBO, EMAP, MIMs, Winward, USDA ARS Sedimentation laboratory, EPA
WARSS (RosgeBEH]I)

Measurement
limitations from
the literature

1 Difficult to quantify bank stability
1 Problems with detecting heterogeneity for rapid streambank stability
assessments.

Do metrics capture
the critical
function?

9 Stability z No. 90% of Bank stability meaurements are considered stable banks.
This approach is too gross of a metric and does not detect heterogeneity.
9 Quantity of undercut banks difficult to determine from point estimates.

If current protocol
inadequate, what
should be adopted
(short term &

1 Either more comprehensive bank geometry measurements and/or fluvial
geomorphic audit conducted over large reach lengths. Compliment bank data wit
finer resolution riparian vegetation assessment.

1 Undercut depth should be measured continuouslgt the channel unit scale as a

long-term) measure of fish cover.

1 Do not estimate bank stability until measurements are more meaningful.
Category Fish Cover
Reviewed
Metric(s) LWD, undercut banks, visual assessments of 10 cover types developed by(EMiAgtal
Reviewed structures, Boulders, Small woody debris, Bryophytes, Filamentous algae, LWD, Live

or roots, Macrophytes, Overhanging vegetation, and Undercut banks.

Critical function of
the attribute

9 Fish HabitatzL WD and other forms of cover provide velocity predator refuge,
rearing habitat, and feeding habitat.

i Stream Characterz LWD creates channel complexity and low velocity areas next t
high velocity habitats that increase feeding opportunitywhile preserving energy.

Protocols reviewed

AREMP, PIBO, EMAP, CDFG, NIFC, ODFW, and Upper Columbia (ISEMP).

Measurement
limitations from
the literature

9 LWD pieceg the studies reviewed showed that LWD measurements were variabl
in precision and repeatability between protocols, but relatively precise within
protocols.

LWD aggregateg Assessment of aggregates not reviewed in the literature.

Little consistency among protocols on definition of LWD aggregates.

Aggregates are measured at theeach scale and are not informative on how they
relate to function.

=a =4 =4

Do metrics capture
the critical
function?

1 LWD piecesz, LWD metric is reported at the site level (LWD pieces/100 meters),
and fish do not likely respond to average reach conditions.

1 LWD aggregategL WD aggregates are rarely related to channel unit and therefore
do not measure how they function for fish ice.,LWD aggregates in a pool provide
important cover and LWD aggregates in riffles provide slow water refugia near
fast water feedingareas.

If current protocol
inadequate, what
should be adopted

LWDz Short term
1 Relate function to fish by assessing LWD at the channel unit scale.
1 Adopt a minimum LWD size classification that best allows comparison between
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(short term & protocols.
long-term) LWDz Long term
1 Develop measurements of LWD recruitment potential, LWD transport, and LWD
stability to assess the LWD budgets of monitored reaches. This might best be
achieved by remote sensing.
Fish Coverz Short term
1 Continue using establishedEMAP protocol of visually assessing 10 different fish
cover elements.
Fish Coverz Long term
1 Develop measurements of fish cover that are quickly assessed, and directly relate
to fish.
1 Collect cover at the channel unit scale to provide information about furtion for
fish.
Category Invertebrate sampling
Reviewed
Metric(s) Food availability (Benthic, Drift), diversity indices, site impairment
Reviewed

Critical function of
the attribute

1 Some programs collect benthic invertebrates as a measure of sitepairment via
diversity analysis or presence/absence of indicator species

1 Invertebrates are the main food resource of juvenile salmonids, however
invertebrates are not evaluated as a food resource.

Protocols reviewed

EMAP, PIBO, ISEMP

Measurement
limitations from
the literature

1 Some startup time is required to move to processing invertebrate drift samples as
most companies are currently process benthic samples.

9 Benthic samples require professional taxonomists to identify invertebratesat fine
taxonomic resolution.

I Invertebrate drift samples can be highly variable at the site level, but directly relate
to salmonid growth.

Do metrics capture
the critical
function?

9 Diversity indices of benthic invertebrate samples may describe wateguality, but do
not adequately describe food availability for salmonids.

If current protocol
inadequate, what
should be adopted
(short term &
long-term)

1 Invertebrate data often not related to fish, could improve this by starting to collect
drift and benthic samples and rel&e these to fish growth (Figure40).

9 If relationships exist across a broad range of stream and watershed types food
abundance could be used as a predictor of abundance and ultimately related to
stream habitat features that increase fod availability.
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Figure400. Relationship between fish consumption and total drift biomass in Bridge Creek.

Category ReviewedPools

Metric(s) Reviewed |Pool Frequency, Percent Pools, Residual Pool Depth

Critical function of | § Dimensions- Space to avoid predators, forage effectively, and avoid high velocity

the attribute {1 Velocity - Fish refuge from high velocity, access to high velocity areas for optimal
drift foraging.

9 Spatial Context- Location of pool habitat relative to dher channel types (riffles,
etc...).

Protocols reviewed AREMP 2007, Downie 2004, Heitke et al. 2008, Merritt 2009, Moberg 2009, Moore €

2006, Overbn et al. 1997, Peck et al. 200Pleus et al. 1999, USFS 2009

Measurement 9 Depth - Estimates of pool volume highly sensitive to precision of tail crest depth
limitations from the measurement (Keim and Skaugset 2002)
literature 9 Percent Pools and Pool Frequency are imprecise metrics (Roper et2010).
9 Velocity - Pool velocities are rarely measured, flow characteristics are visually
classified.

9 Spatial Context- Varying levels of spatial context, from measuring attributes only
at the reach scale (Heitke et al. 2008; AREMP 2007) to measuring all attributes
relative to individual channel units(Moore 2006)

Do metrics capture |Pool Dimensions-

the critical function?| § Depth - Majority of protocols collect only residual pool depth (single tail crest and

max depth).

1 Length, Width, Area, Volume In general only a singlevetted or bankfull width is
recorded.

Spatial Context

1 Majority of protocols are not capable of relating cover, LWD, substrate
composition, or other physical attributes to a specific pool unit.

9 Strict definitions of pool habitat (e.g.pools not measured in secondary/tertiary
channels, thalweg must pass through pools). Strict definitions may cause chann
segments featuring low velocities and high channel depths to be classified as ro
pool habitat.
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If current protocol
inadequate, wha
should be adopted
(short term & long
term)

Short Term:
1 Measure all physical attributes relative to channel units
1 Increase the number of depth and width measurements for more accurate area &
volume estimates.
1 Sample pools in all flowing stream chanels (i.e.,not only from within the primary
channel).
Long Term:
1 Surveys of stream channel topography using a total survey station or RTK (Real
Time Kinematic) GPS. The resulting DEM can be used to calculate metrics of pq
frequency, area, volume, angercent pools.

Category Reviewed

Riparian vegetation

Metric(s) Reviewed

Cover, wetland status, bank stability, change

Critical function of
the attribute

1 Bank stability

1 Water table connectivity
1 Sources of LWD

1 Regeneration

Protocols reviewed

PIBO, EMAP, ColesRitchie et a2004)

Measurement 1 PIBO, Colesitchie et al (2004) require plant identification (community level to
limitations from the species level)
literature 1 EMAP estimates only cover and neglects streambank vegetation.
9 Repeatability is a concern with all of the methods that were reviewed
Do metrics capture 1 PIBO measures bank stability along the greenline and within a Daubenmire plot
the critical function? at eachcross-sectional transect. Done by using established values for defined
cdii 01T EOGEAO OEAO NOAT OEEZEAO OEA AT I
woody regeneration along the greenline by aging established plants. Greenling
also provides a wetland indicator status by community to detect groundwater
connection. (A movdrom community level to species level identification of late)
1 ColesRitchie et al.(2004) measures bank stability and water table connectivity
using species level data and indicator status used in PIBO.
1 EMAP provides data on regeneration by binning treelsy size classes.
If current protocol 1 The amount of vegetation cover as per EMAP cover classes should be collecte
inadequate, what at each habitat unit to determine average cover at a site.
should be adopted | ¢ To estimate potental productivity and solar input a solar pathfinder should be

(short term & long
term)

used as per Platts et al. (1987); modified to the habitat unit method outlined in
Appendix D.

Category Reviewed

Stream Width

Metric(s) Reviewed

Bankfull width, crosssectionwidth, floodplain width, wetted width, widtto-depth ratio

Critical function of
the attribute

9 Stream size/potential discharge, incision/channel shapeife, is it downcut, large
width to depth ratio)

9 Critical measure for site calculating averages for ber metrics

9 Bankfull width is an important hydrologic concept that can be very important for
characterizing various hydrologic measures of stream discharge and sediment
transport

Protocols reviewed

AREMP, CDFG, EMAP, NPS, ODFW, PIBO, UC

Measurement
limitations from the
literature

1 All measures of stream/floodplain width are intuitively appealing concepts but
has been notoriously difficult to consistently identify in the field; numerous
subtle signs have to be identified in the field andhtese signs are not always
present (e.g, signs of recent high flows)

9 The concept of bankfull width is also stream dependent and may not be
applicable in all situations

| Many protocols stopcross-section0 AO OAAT EAOI 1 xEAOQOES

information being collected in floodplain areas and may make it difficult to
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detect channel changes

Wetted width is obviously highly flow dependent and cannot be used to compar
streams when sampling over extended periods, unless stream is at baseflow
Width-to-depth ratios are calculated because it is assumed that wide shallow
streams are the result of human disturbance; however, because this metric relig
on a ratio it is susceptible to larger errors and has been shown to have poor
internal consistency, limited ability to detect environmental heterogeneity, and
poor correlation with the truth (Roper et al. 2010)

Do metrics capture
the critical function?

Stream width (however it is measured) is an important metric for putting other
stream habitat metrics in context; despite the problems associated with
measuring width consistently, increased training and better protocols have
improved consistency in measuing these attributes.

If current protocol
inadequate, what
should be adopted
(short term & long
term)

If using to detect change in channel morphology and location then transect
monuments above active flood plain is necessary. As remote sensing technique
become more available many of the width measurements may be calculated in
the office. Tests of the relationship between remote versus field measurements
should be continued.

Category Reviewed

Substrate

Metric(s) Reviewed

%Fines, Embeddedness, Peldbistribution

Critical function of
the attribute

f
1

Fish Habitat- interstitial spaces for rearing, food, cover, and quality/availability
of spawning gravel
Stream Character roughness, potential bed load, sediment budget

Protocols reviewed

f

AREMP,PIBO%- ! Oh #$&' h . ) &#h / $&7Hh 5# 8
count or visual estimation into size classes for pebble distribution. Transects are
used to systematically select particles (usually-80 particles per transect).
Transects can be located in spéfic habitats (usually riffles) or systematically
throughout the reach. Wide variety of measures for Embeddedness but most
measure or visually estimate depth of cobble substrate within finer material. %
Fines are either calculated from pebble counts or sueyed separately, usually in
pool tails. Definition of fines seems to range from 110 mm with the most
common 2 mm.

Measurement
limitations from the
literature

%Fines- tend to under estimate % fines; measurements taken in inappropriate
habitat;

Embeddedness- critical flaw in measurement technique (increased fines can =
decreased % embeddednegsalso no agreed upon definition;

Pebble distribution - ability of observer to select and measure particles without
bias; number of particles may not be adecate; usually conducted in riffles or
random sites and not by channel unit

Do metrics capture
the critical function?

%Fines- Gives an idea of spawning habitat impairment if measured at pool tail
(i.e.,PIBO and AREMP); however, no protocols measure intéital space in
other channel unitswhere juveniles rear and/or overwinter

Embeddedness Too subjective and not able to assess water flow, B@vels,
and other critical elements of interstitial space; poorly defined and typically not
measured in all habiat types

If current protocol
inadequate, what
should be adopted
(short term & long
term)

1

% Fines- the PIBO/AREMP use of 3 grids (50 pts/grid) in first 10 pools counting
number of 2 mm and 6 mm particles provides a maximum of 1500 particles per
reach.Protocol reviews suggest this technique has moderate precision, ability tc
detect differences between stream types, and is related to more intensive
measurements {.e, the TRUTH).

Embeddedness no technique currently available. If this is a real concerand
focus of the study; suggest a detailed literature review and more hydrological
approach (.e, sediment cores/sievesetc)

Pebble count- Wolman pebble count in riffles (min 100 particles) is adequate
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minimum. However, recent reviews suggest that saral improvements are
needed. Most current rapid protocols use hedoe selection method of each
particle and visual estimate or ruler for measuring. Buntet al (2009) suggest
using a grid to select particles at each transect, use of gravelometer to mesesu
each particle into ¥4 phi size classes, sampling away from bank/wat@redge (as
per PIBO), and conducting counts of >100 in all habitat types within the study
reach.

Category Reviewed

Water Quality

Metric(s) Reviewed

Sampling methods reviewed fowater temperature, conductivity, alkalinity, pH,
dissolved oxygen, nutrients, turbidity

Critical function of
the attribute

1 temperature related to many physical habitat conditions, such as
geomorphology, climate conditions, riparian vegetation, etc. andsd has
physiological significance for fish é.g.behavioral responses, survival thresholds
for multiple life stages)

9 conductivity and alkalinity related to invertebrate metrics. Also related to site
geology, soils, and ion availability.

1 dissolved oxygen ad related metrics measured for primary production
estimates

1 nutrients (N and P) commonly limiting in streams and related to primary
production, geology, soils and vegetation.

9 turbidity measured as survey condition for spawning surveys and fine sediment
transport.

Protocols reviewed

AREMP, PIBO, EMAP, NPS, ODFW, ODEQ, WDOE, CNCA

Measurement
limitations from the
literature

9 Temperature: handheld field measurements at time of sampling not sufficient
for analysis and trend detection with fish or environmeral variables. Handheld
measurements only useful for determining if fish sampling allowed (permitting
reasons).

1 Alkalinity/conductivity z Handheld field measurements sufficient for site
sampling. Less useful as direct environmental variable influencingsfi, more
commonly relates to fish habitat variables, such as macroinvertebrates.

1 Nutrients-sampling scenarios expensive for monitoring projects and usually a
low priority because other factors more directly related to fish metrics

9 Turbidity: handheld measurements and methods highly variable when used to
quantify water clarity and visibility. Meters preferred method of measure for
turbidity, but are expensive.

Do metrics capture
the critical function?

9 Temperature-. Can be direct} related to fish metrics at small and large spatial
scales.

Alkalinity/conductivity - Can explain variation in invertebrate metrics.
Nutrients-. Can explain variation in riparian vegetation and correlation to soils
and geology. Not directly related to 8h (non-pollution sources).

= =

If current protocol
inadequate, what
should be adopted
(short term & long
term)

1 In both short and long term deployment of temperature loggers to collect
continuous (hourly) data for the entire year at all status and trend monitring
sites. Collection of alkalinity and conductivity using field meter at all status and
trend monitoring sites. Nutrient sampling expensive and only relevant when
nutrients of primary concern.
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Appendix D: Monitoring Design Review
D.1 SpatialDesigns

Spatial designs describe how sampling effort is to be allocated across a study area. The
most appropriate spatial design depends on monitoring program requirements and constraints. In
general, the following types of spatial designs are available:

Census

Thecensusspatial designdescribes the location of all the sites comprising the domain
of interest. In some cases, a single site might be used to estimate the total number of fish in a
population, by the establishment of a counting facility ledatrategically where all fish will
pass and be counted. In other caseszéhsusmight consist of counting fish throughout the

popul ationds domai n o c cfar exanepld at alloeachgs avhetheé i al | vy
species occurs. In any caseeasusimplies that all elements will be enumerated.
Modelbased

A model-basedspatial designrelies on selection of sites based on the need to estimate
parameters or coefficients ofr@odel that will be used to make the indicator estimates. Such
models ypically include one or more independent variables or covariates such as environmental
conditions or geomorphic setting. Sites are generally selected along the important gradients
governing thenodel parameters. A simplmodel might be a relationship betgn a
popul ationds growth rate and temperature. Si
t hermal gradient over the range onbdelivdudbepopul a
used to estimate productivity across all sites in the donfarestrictedmodel-basedspatial
designrefers to situations in which the selection of locations in part of the domain is guided by
the candidatenodel, and locations in other parts are selected by other methods.

Survey

The term survey in the current coxttémplies the use of a randomization rule in the
selection of locations across the domain of interest and the caveat that all locations have a
positive chance of being selected. Approaches available to achieve these criteria for monitoring
natural resowes includesimple random samplingystematic sampling, al@RTS(Stevens
and Olsen, 200dbased sampling. A restrictedrvey desigimplies that part of the domain will
be sampled by application of a survey, and other parts by application of oeeotti¢h spatial
designs.

Opportunistic

An opportunistiebased design is where you will only be able to sample at sites that are
selected based on ease of access or other subjective criteria.

In some instances, categories may be combined to produad tgbigns. For example,
part of a domain may be sampled by counting fish as they pass over a weir (census), and the
remaining portion of the domain may be best monitored by a survey.

Each of these spatial designs has strengths and weaknesses. | thenelnance of
making poor inferences is highest for opportunistic spatial designs and lowest for census designs.
Conversely, opportunistic spatial designs will generally be less expensive to implement than
census designs.
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Temporal

Temporal designs desbe how sampling effort is to be allocated across time. The most
appropriate temporal design depends on the monitoring programs requirements and constraints.
When developing the temporal design there are two basic units of time to consider:

Study period: The entire length of time the study will be operated. For example, the
monitoring objectives of the study may include determining the-teng trend in annual
abundance over 20 years so shedy periodvould be 20 years.

Temporal unit : The unit oftime for which a metric or indicator is reported. For most
long monitoring studies "year" is a temporal unit. Studies may also have more frequent temporal
units that might range from seasonally to hourly. For convenience, in the following discussion,
we refer to a year as the temporal unit.

Most longterm monitoring objectives ask questions about patterns of change across
years, sometimes decades or longer. These questions might be specific to a single location, or
might cover broad regions and indkimany locations. The basic question for temporal designs
is: what is the best allocation of sampling effort across years? Do we need to sample every site
every year? Similar questions can be raised if the objectives concern a single site: does meeting
your objectives require you to conduct field measurements every year (or every temporal unit if
your temporal unit differs from a year)?

In some instances, categories may be combined to produce hybrid designs. For example,
part of the domain might be sptad every year, while the remaining portion of the domain may
be best monitored by surveys that are not implemented every year.

The temporal design choice is a little easier to think about when the monitoring
objectives require sampling a set of sitegrdythe study period. Again, thinking about year as
the temporal unit, we could sample all sites every year. However, for some objectives, it might
be just as effient to sample some sites anliyand some sites on a periodic cydile every
"n" yeas (where n could by 2, 3, 4...years). Theaeel designsllow the opportunity to
investigate a greater number of sites during the study period than might be possible with a
"sample every site every year" design without a loss of precision for sttitnates €.g.,
population abundance estimates). In addition, panel designs afford approximately the same
mean trend detection power after three monitoring cycles have passed (Urguhart and Kincaid,
1999). For example, a design that includes an annual panel (25adeg)with three 3ear
panels (25 sites each panel, beginning in year 1, year 2, and year 3) will achieve very closely the
same power after nine years, as a design with the same 50 sites visited every year. The
advantage of the mulpanel design is that total of 100 sites will have been sampled, compared
with 50 for the every sitevery year design (see Urquhart and Kincaid, 1999).

Allowing flexibility in the choice of sampling patterns over years offers a variety of
possibilities when your monitoringrogram includes multiple sites. However, a thorough
evaluation of selecting a temporal sampling pattern cannot be done without simultaneously
considering both the spatial and response designs. This optimization process will require a
knowledge about thgpatial, temporal, and "residual” variation (including how well the response
design estimates the site's metric score), and costs for collecting the relevant data at a site
(including travel cost between sites). Unlike the availability of single site tietection tools,
we are unaware of analogous "off the shelf" tools for multiple site trend detection. However,
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with an estimate of the important components of variation, the use of simulation tools (along
with the computational power of current deskbmmputers) allows an evaluation the relative
merit of different design choices. Several recent publications describe a variety of simulation
examples that illustrate how this problem can be addressed (see Wagner et al. 200e Detuwa
al. 2009, Jacabet al. 2009).

D.2 Response Design

Once the spatial and temporal designs are established, we need to determine exactly
what, how, where and when to measure the attributes of interest. The response design includes a
finer scale spatial and temporal dgston than that covered by the spatial and temporal design
components. For example, you might be able to measure your attribute (such as water
temperature) at a point in a stream network. However, for other attributes, such as characterizing
the densityof redds, or the amount of wood, or the density of pools, it will be necessary to make
measurements along the reach. In these cases, calculating a metric, such as spawner abundance
using an area under the curve method, requires sampling at multipleltinresthe spawning
season. Documenting when and how data is collected at a site is part of the response design.
Descriptions of any laboratory procedures are also part of the response design. Finally, response
designs include the methods used to datewsite metricé.g, the analytical procedure to
estimate abundance using an anederthe-curve method). Field operations manuals and
quality control procedures are examples of kinds of documents that describe some parts of a
response design. Thdlfmving is a list of what should be covered in a description of a response
design:

What will be measured or collected in the field.

How will it be measured or collected.

Where the measurements be made within each of the sites comprising the sample.
How sampling will be distributed within the temporal urgtd.,year).

Laboratory methods.

=4 =4 4 -4 A -2

Analytical procedures to calculate the metrics from the measurements.

In many ways the process of developing a response design is similar to selecting tools
from a toolbox. There are many tools to choose from but some work better for the job at hand
than others. Developing an appropriate response design to meet thevebjwdtidepend on a
variety of factors including attributes of interest and how well they can be measured or estimated
given costs of making the measurements.

I n many cases, sampling must occur during
flow periad, because all sites cannot be sampled simultaneously. In these cases, it is useful to
sample some sites more than once to esti mate
index window should be chosen so that:

1 Itis as short as possible withirlid operational constraints,
1 The variation in the measurements is as small as possible within the window, and

1 Itis ecologically based.
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The procedures used to calculate the metrics from the measurements comprise an
analytical component of a response desifnsome cases, the metric of interest might come
directly from the measurememtg, maximum temperature during the Juinkug. interval (no
calcul ation needed, except to read | ogger 6s
measurements is comnled to calculate the metric of interest for each site in the sample. For
example, an areanderthe-curve method is used to calculate the number of spawning salmon
from the measurements taken during each of many visits to the site. Alternativelyathe me
width of a stream is calculated from a set of width measurements taken at many locations across
t he st r e a&gdnsan éf p0width neagurements taken systematically across 500 meters
centered on the site, or 40 times the wetted channel wiSthhe metrics require complex
calculations derived from measurements of a variety of attributes at a site. Documentation of
these aspects of data collection and metric calculation is part of the response design.

D.3 Inference Design

The inference desigmescribes the process used to estimate indicators for the target
population(s) based on information (metrics) collected at the sample sites. This may occur for a
single time period and the result is a status estimate for the indicator, or it may ina&ing m
estimates across multiple time periods when trends are of interest.

If the study involves only aingle site the inference design is simple since the metric
values for the site are the population indicators of interest. Inference for trendsiagl@eite
does require choosing a statistical procedure to estimate the trend. The only uncertainty in the
status estimate is from the metric measurement error.

If the spatial design is@nsusthe inference design will require defining the proceslure
used to calculate indicators for the target population based on the metric values from all the sites
in the census. The only uncertainty in indicator estimate is from the metric measurement error.

If the spatial design is a survey, the inference desitimequire knowing the properties
of the survey design, such as stratification and unequal probability weighting. When a temporal
design is present, an inference design for trends must also be specified.

If the spatial design is an opportunistic sitsiga, the inference design for estimating
status requires defining the procedures used to summarize metrics across all the sites. Extreme
care should be made in making inferences to any areas other than the sites sampled since we do
not know how represedative the handpicked sites are to anywhere other than the locals sampled.

The options available for an inference design are closely linked to the design used to
select sites for status and trend monitoring and for mechanism monitoring. Mechanisms designs,
in general, have specific statistical analysis procedures associated wittetgeBefore After-
Controtimpact BACI designs). The inference design is the statistical analysis procedure. Many
of the statistical analysis procedures utilize standarlysinaf variance, regression or analysis
of covariance. The validity of the inference depends on how well the assumptions of the analysis
procedures.

For status and trend monitoring designs, the inference design depends on the site
selection procedured-or a census design, no inference design is required since all sites are
included and calculation of descriptive summary statistics is all that is necessary.

Inference designs for modbased spatial designs require the selection of a spatial
stochastienodel appropriate for the variables of interest. For example, a geostatistical model

May 15, 2016 117



2016 Field Version

such as kriging may be appropriate. Typically, several models may be available and the
selection of which one to use depends on the assumptions required for the rdadedtoer
those assumptions are met.

Designbased spatial survey design statistical inferences rely on the randomization
procedures used to select the sites. HorMitampson estimators and variance estimators are
available for all common survey desigesg.,Lohr 1999). In addition to desigmsed
inferences, moddbased inference designs such as spatial stochastic models may be used. Since
spatial survey designs provide (in most cases) a representative sample, an analysis for the spatial
stochastic mdel is more likely to provide unbiased estimates. Another advantage of using
spatial survey designs is that both dedigised and moddlased inference designs can be used.

D.4 Overall Design Considerations

In designing a monitoring program, we need ptirnize the allocation of sampling effort
across the potential set of spatial and temporal units during the study period. This balancing
requires consideration of the cost of sampling (response design per site and transportation
between sites) as well #se variability between sites within and across the study period and the
temporal unit.

The following considerations are important for optimizing this allocation of sampling
effort:

Degree of certainty The level of confidence in the results of the marmng program
plays a significant role in determining the appropriate design. In general, the degree of certainty
in monitoring results is lowest for opportunistic designs, intermediataddetbased and
survey designs, and highest tmnsuslesigns. |t is lowest for opportunistic designs because it
is difficult or often impossible to assess how well the chosen sample sites represent the domain
for which inferences are intended. Because of thestatistical nature of sample site selection,
it is often impossible to assess the degree of certainty of results from opportunistic sample sites
because you cannot determine pinecisionor biasassociated with inferences to entire
populations obtained from data collected at opportunistic sample sitesleditee of certainty is
intermediate fomodeland survey based spatial designs because they depend on a statistical
sample with its associated uncertainty. In additnagdetbased designs can be subject to
unknown uncertainties associated witbdelassimptions. The degree of certainty is highest for
censuglesigns because all members oftdrget populatiomre sampled (either via a fixed
counting station or by sampling at all sites in the domain) resulting in no sampling uncertainty or
faulty assumpbns about the representativeness of selected sites.

Cost- The cost of designs generally varies directly in relation to their degree of certainty.
While the high degree of certainty provided by a competesusnay be attractive, in many
cases the cositssociated with conductingcansusver a large geographic area or for the entire
study periodwill be prohibitive.

Feasibility- Adopting a design that achieves the desired degree of certainty and that is
within the budget may result in a design thatos feasible due to extenuating circumstances.
For example, being denied access to a significant portion of private lands in the study area will
result in a need to revise the monitoring goals and objectives to recognize that restriction.

Existence of aerifiedmodel- Choosing anodetbased design will obviously not be an
option if currently nanodels existhat can guide the site selection process.
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Flexibility - It is a common occurrence that over the life of a monitoring program, there
may be changes in the goals and objectives, monitoring technologies, allocated budgets, or other
constraints. Some designs are more amenable than others to the modificatitaythat
necessary to meet these new challenges. For example, an initial objective that requires an
abundance estimate over a prescribed monitoring region might be changed to an objective that
requires abundance estimates for specific populations withimeijian. A spatiatémporal
designthat allows the addition or subtraction of sites without biasing results is more desirable
than one that requires an entirely new design.

A framework that can be used to balance the various competing choices in d@eagignin
monitoring program consists of:

1 understanding the influence of spatial and temporal components of variability in
the data

evaluating the accuracy of the estimates

1 the statisticapowerof the designi(e., the chance of correctly detecting some
situation)

1 costs
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Appendix E: Glossary

Term

Definition

Active Channel

A channelat current and recent discharges which contain a continuously defined
streambed and developed streambanks, beyond which permanent features such a
terrestrial vegetationdyin to dominate.

Aerial Cover Stream shading from riparian vegetation

Alkalinity A measure of the ability of a solution to neutralize acids to the equivalence point of]
carbonate or bicarbonate

Anadromous Fish that migrate from salt water to breedrashwater

ASCII The American Standard Code for Information Interchaisge characteencoding
scheme based on the ordering of the English alphabet

Backsight A point taken looking backwards to a previously occupied point

Backsight Check Comparing lhe results from the foresight to the backsight for the same point to estal

accuracy of a traverse

Bankfull Elevation

see bankfull stage

Bankfull Indicator

Physical indicators left behind from bankfull flow events such as bar elevatioehes;cut
banks,stain lines, etqSee Section 4.1)

Bankfull Stage

The height of the water surface at which a stream first overflows its natural banks ¢
high flow events. The bankfull stage and its attendant discharge serve as consister|
morphological indicesvhich can be related to the formation, maintenance and
dimensions of the channel as it exists under the modern climatic regime

B-Axis

The middle axis of an irregular shaped object such as a rock. It is equal to the siey
substrate will fit through

Bearing

The direction one object is from another objestasured in degrees

Bedform

Refers to the laterat{osssectior) and longitudinal (upstream to downstream) profile
the stream channel. A depositional feature on the bed of a river (flusizgses) or
other body of flowing water that is formed by the movement of the bed material due
the flow. Bedforms are characteristic to the flow parameters and are particularly to
depth and velocity, and therefore the Froude number.

Benchmark

Permanentontrol pointsoutside of the active channel. Benchmark locations are
established by taking a gpsordinateBe nc hmar ks are used t
world coordinates and to-establishsurveys into an existing coordinate system fta si
revisits. Three benchmarks are established with rebar in a equilateral triangle.

Braided Stream

A stream segment that consists of a network of small channels separated by small
often temporary islands called braid bars. Braided streams ocgueris with high slope
and/or large sediment load (Schumm and Kahn 1972). Braided channels are also t
of environments that dramatically decrease channel depth, and consequently chan
velocity, such as river deltas, alluvial fans and peneplains.

Breaklines

A linear surveyedeature that defines and controls tbpographicsurface behavior of a
TIN in terms of smoothness and continuity.

Channel Segment

A linear portion of channel that is separated from other portions of the channel by g
island wih an elevation that equals or exceeds the bankfull elevation for a distance
greater than the site width category. Channel segment 1 is always the main chann
channel segment 2 is the first side channel separated from the main chamnel by
qualifyingisland.

Channel Segment
Number

Sequentially numbering systeimiquelyidentifying the main channel and all side
channels.

Channel Type

Classification of channels following thdontgomery and Buffington (199&ystem of
classification.

Channel Unit Areas of relatively homogeneous depth and flow that are boundelblngesn depth
and flow (Hawkins et al. 1993).
Charismatic Large, visually obvious, unique boulders thatsteble during high flows anehsily

Megaboulders

described and relocatedifuture visits
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Constrained Stream

Stream with no depositional floodplain that is usually gcained by valley walls.

Control Point

A point occupied by the total station

Crosssection

A transect of a stream where depth and velocity measurementé&angd estimate the
discharge.Also used to describecationsused to collect substrate measurements.

Data Logger

An electronic device that records data over time or in relation to location either with
built in instrument or sensor or via exterim@truments and sensors. Usudiigsed on a
computer. @nerally are small, battery powered, portable, and equipped with a
microprocessor, internal memory for data storage, and se@somterface with a
personal computer and utilize software to activhéedata logger and view and analyzg
the collected dataDthers have a local interface device (keypad, LCD) and can be us
a staneéalone device.

Declination

The difference between the north geographic pole and the north magnetic pole
Depending on where you are on the earth, the angle of declination will be difféneant
some locations, the geographic and magnetic poles are aligned so declination is m
but from other spots, the angle between the two poles is pretty big.

Depodtional Feature

Floodplain and levees;fodplain is a lowlying plain on both sides of a river that has
repeatedly overflowed its banks and flooded the surrounding areas. When the floo(
subside, alluvium is deposited on the floodplain. The larger ratebeing heavier, are
deposited at the river banks while the finer materials are carried and deposited furt
away from the river. The larger materials at the river banks buildtagmbankment
called levees.

Digital Elevation Model
(DEM)

Data filesthat contain the elevation of the terrain over a specified area, usually at a
grid interval over the surface of the earth. The intervals between each of the grid p
will always be referenced to some geographical coordinate system. This iy eghal
latitudelongitude or UTM (Universal Transverse Mercator) coordinate systems.

Flagging

Colored ribbon used to identify transects, monuments, channel units, or other featy
during the course of a survey.

Flow Characteristics

The presence or absce of turbulendr laminarflow. Controlled by the interaction of
channel unit gradient and substrate.

Fluvial processes

Processes associated with rivers and streams and the deposits and landforms creg
them.

Geomorphic Reach

A length of stream with relatively homogenous geomorphic characteristics includin
discharge, gradient, and confinement.

GIS

A geographic information system (GIS) is any system that captures, stores, analyz
manages, and presents data that are linkéatation

GPS Positions

Global Positioning System provides location coordinates by triangulating position
information from orbiting satellites.

Gradient (bed surface)

The rate of change in bed surface elevation over a given distance

Gradient (waterwface)

The rate of change in water surface elevation over a given distance

Horizontal Error

The X and Y value difference from a ésight to a backsigtdta control point

Human Influence

Impacts on the riparian corridor caused by humans.

Inflexion Points

Thepoint of significant changm anglealong aconcave or convex surface

Island

Areas within a channel that ameorabovethe bankfull elevation

Large SideChannel

A side channetontainingbetween 16 and 49 percent of the stream .flow

Large Woody Debris
(LWD)

Wood in the active channel that is larger than the minimum criteria of 10 cm diame
and 1 meter in length

Longitudinal Profile

The two dimensional view of a stream moving up the thalweg of the stream

Magnetic North

The direcion the red arrow points on a compass.

Maximum Pool Depth

The deepest part of a pool
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Mid-Channel Bar

An area above the wetted elevation but below the bankfull elevitédmssurrounded
by water on all sides.

Non-constrained Strean

Stream that caaccess a floodplain.

Non-Qualifying Side
Channel

Side channel outsid&e active bankfull channel (see Section 6.1).

Orientation

Location relative to a compass

Particle

A substrate such as course gravel, cobble, etc.

Particle Embeddednesy

The percentage a cobhiteatis buried by sand and finer substrate.

Planform View

The two dimensional view of the stream looking down from above.

PoolTail Depth

Water depttat the poinwwherewater would first begin to exit the pool.

Primary Channel

The channel with the most flogmain channel)

Prism The reflector on top of the survey rod used to reflect the signal from the total statio

PVC Cuff A piece of PVC fit around the arm with surgical tubing used to collect data in wet
environments

Reach See geomorphic reach

Resident Fish that do not migrate to the ocean.

Rip-rap Large rock placed by man in a river or stream

Scour The fluvial process by which the stream flow erodes and deposits sediment

Site The specific point, location or lgth of stream where measurements are taken and
metrics derived. Represents a single sample unit within a monitoring program's stu
design.

Site Map A map drawn by the surveyors showing pgtenformview of the site and indicating the
relative position of benchmarks, monuments, channel, etits

SiteMarker A permanent maker that denasethelocation of the bottom and top of the site. Usually

tag nailed to a tree oebar driven into the grourid line with the top or bottom transect
Rebar monuments should not be used in designated wilderness areas.

Site Monument

A naturally unique object used kacate benchmark#\ bearing and distance is recedi
from the monument tthe nearest benchmark

Site Width Category

A measurement ofidth based on binning the average bankfull width. Used in site la
to establish 20 equal spaced intervals along the length of the center of the alnannel
establish the site length

SmallSide Channel

A side channel with less than 16 percent of the streamsathobwithin the active
bankfull channel.

Substrate The natural environment in which an organism lives, or the surface or medium on
an organism grows

SunEye A piece of equipmenhanufactured for the purpose of capturing the solar input of a §

Thalweg The line that connects the lowest points along the length of a river bed where there

active flow, and thus the line dkepest, continuodw.

Total Station

An electronic/ptical instrument used in modern surveying. The total station is an
electronic theodolite (transit) integrated with an electronic distance meter (EDM) to
slope distances from the instrument to a particular point.

Transect

An imaginary line, perpendidar to the bankfull channel that runs through the center
the bankfull channel and intersects the bank.

Triangulated Irregular
Network (TIN)

A vector based representation of the physical land surface or sea bottom, made up
irregularly distributechodes and lines with three dimensional coordinateg, @nd z)
that are arranged in a network of roverlapping triangles.

Qualifying Side Side channel within the active bankfull channel. See Section 6.1 for more detail.
Channel
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Quality Control

Dataquality constrains that limit what values can be entered into the data system

Quality Assurance

Data quality procedures that are implemented to verify information quality after dat
been entered into the data system

UTM Coordinate

The Universal Transverse Mercator (UTM) geographic coordinate system istzagad
method of specifying locations on the surface of the Earth that is a practical applicq
of a 2dimensional Cartesian coordinate system. It is a horizontal positiozsegpation,
i.e.,it is used to identify locations on the earth independently of vertical position, bu
differs from the traditional method of latitude and longitude in several respects.

Valley Type Vall ey type is used to snegmernth® &a mee
Montgomery and Buffington (1993) and includes colluvial, alluvial, and bedrock val
types.

Vertical Error

The Z value difference from a fesight to a backsight of a control paint
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Appendix F: Solmetric SunEye Operating Instuctions

The Solmetric SunEye device is used to measure solar radiation at the centevetfatie

channel as outlined in Secti®B. This section outlines specific operating procedures for the
SunEye. For more speci fdarcberesogrdedatict i ons, t he
http://resources.solmetric.com/get/Solmetric%20SunEye%20200%20Series%20Users%20Guide

en.pdf

Step 1. Turn on the SunEye by pushing the yellow power button on the upper left side of the
device.

Step2.Begin a new session for the site by tappin
of the screen. Name the session using Sitellate Organization(e.g.,CBW05583457806
201407100DFW) , t hen tap fANext o.

Step3.Sel ect the |l ocation for the session using
box that says fAGet new GPS | ocation for each
obtained, tap fAiDoneo in the wupper right corne
Step 4. A total of 11 images (skiyes) will be captured for each site. Tap the yellow circle in

the | ower | eft corner of the screen, then tap

blue button with the star ic to start a new skyline. Ensure that the settings read aw$ollo
Type = Fixed, Azim = 180A, Tilt = 0A. Tap nAOK

Step 5. The SunEye has different camera settings which allow it to more accurately differentiate

bet ween open sky, and vegetation or other str
Bl ue, SkWor mal 6, and fAShadedo. For our purpose
because it provides the best delineation between vegetation and open sky. To select the camera
setting, tap the 3 icon in thetaumppreextl etfa [TBkK)
select AShadedo. Tap AClI oseo.

Step 6. While standing on the north side of device to ensure that your body is not blocking the

sun, fold the SunEye 30 cm above the wetted or dry surface, align the SunEye compass so the
heading is cetered on true Souttand ensure that the level indicator is centered. Push the round
green button on the keypad or tap ASnapo to c
the skyline is successfully captured.

Step 7. After the skyline is capture@n image of the skyline that was just captured will appear.

Review the image to ensure that it is not blurry and that your head is not blocking the sun path. If
the image | ooks good, tap the | ink 0Trdthe her e
transect number (T1, T3, T5,é, T11). Al so, re
appropriate transect. If the skyline image is of low quality, it can be deleted by tapping the
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yellow circle in the lower left corner of the screen,theappi ng ASkyl i neo, then
down to the skyline you want to delete, highl

Step 8. Proceed to the next transect, and push the blue button with the star Etm)lstart a

new skyline, or tap the yellowrcic | e i n the | ower | eft corner of
then ANewo. The SunEye can be set to standby
transects to conserve battery life.

Step 9. After skyline images have been captured for all 11 &etiss simply press the power
button to shut down the device. All data is automatically saved until it is transferred off of the
device.

7N
)
S
LTI,
)
N
TN
0
O
U

1 Digital camera with fisheye lens 6 Built-in stylus

2 Touchscreen VGA display 7 Reset button, DC Power, USB Port

3 Standard camera tpod mount (backside) 8 Home/Main Menu button

4 Power On/Off button 9 Five-way navigation buttons

5 Wrist strap attachment point 10  Quick Launch setip buttons
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Appendix G: Onset HOBO Shuttle Field Downloading Instructions

The Onset HOBO waterproof shuttle is used to download water temperature data from stream
temperature loggers (TidbiTs) in the field. More detailed instructions on shuttle use can be
found at:http://www.onsetcomp.com/files/manual_pdfs/10F6MAN -U-DTW-1.pdf

A

Stepl.Make sure the shuttl eds dearly gighterathpe centerd cen't
cap until it is just flush with thiarge cap, or until the @ng is ro longer visible.

Step 2. Make sure the communication end of the shuttle is clddiach the correct coupler for
the logger, and ensure thaidtseated properly.

Step 3. Insert the logge(TidbiT) into the coupler

Step 4. Momentarilyhold downthe coupler leveand releaseReadout should begin
immediately. The amberED blinks continuously whileeadout and relaunch are in progress.
Do not remove thiobgger when the amber LED is blinking.

Step 5. After reading out the logger, the shuttle dyronizesthé ogger 6 s c¢cl ock to t
internal clock and taunches the logger to start recording data.

Step 6. When the relaunch has completed, the green LED blinks5foninutes or until you
momentarily press the couplewver to stop it. If te red LED blinks instead, there wasearor,

and the logger may have stoppHdhis occurs, make sure that the logger is secure in the coupler
(as close to shuttle as possible) and clean off any residue on the glass nodes of the logger. Retry.
If repeaed attempts fail, remove logger and replace it with new logger. Notify watershed lead
about downloading error.

Step 7. Remove the logger from the coupler and return it to the stream.

Checking Shuttle Status in the Field
The shuttl edBbamekoarg Omas BBgogdin eachdank doicheckc a n

the shuttl| ebast treemeersy iannd he field, reamve the
for at least three seconds. When you release the leveregde LED blinks once for each

uncccupied bankinthe hut t | eés memory. ( Pr esshblinkihgg | ever n
I f the shuttleds batteri esarafullertheclockhasoty | ow, a
been set, the red LED blinkgress the lever momentarily to stthe blinking) UseHOBOware

softvaret o check the shutt menby, aldalock. ¥auyaylneedte | , av ai

change the batteries, offload the datdiles to the host computer and delete them ftben
shuttle to free up memory before you cantmue readin@ut loggers.
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Appendix H: Revising the Protocol

As new information becomes available and monitoring efforts are refined, the protocol
will be revised. Effectively tracking past and current protocol versions are important for data
summaries and analyses that utilize data collected under different protocol versions. Protocol
Editor will house previous and current protocol versions and the dates of their implementation.
Reviews will be performed for all proposed changes to the gybémd the project coordinator
will be notified so that the version number can be recorded in project metadata and any necessary
changes can be made to database strud®aitz (et al. 2002).

Consistent with the recommendations of Oakley et al. (20@8pthtocol includes a log
of its revision history. The revision history log (adapted from Peitz et al. 2002) will track the
protocol version number, revision dates, changes made, the rationale for the changes, and the
author that made the changes. Rievis or additions to existing methods will be reviewed by
CHaMP staff prior to implementation. Major revisions such as a complete change in methods
will necessitate a broader review by outside technical experts. When the protocol warrants
significant chages the protocol version and date on the title page should be updated to reflect
the new versionVersion numbers should increase incrementally by hundredths (e.g., Version
1.01, 1.02 etc.) for minor changes and by the next whole number (e.g., vedsi8d 2tc.) for
major changes (Peitz et al. 2002).

Some protocols from the AField Manual of S
within the Upper Columbia Monitoring Strategy
CHaMP protocol. Revisions the Upper Columbia protocol have been tracked in a revision log
and can be referenced to inform future decisions. As development of the CHaMP protocol
proceed, those revisions will be tracked in tRdHaMPlog.

Protocol Revision History Log

Previous | New Revision | Method Changes made Reason
Version | Version | Date
Number | Number

1.1 1.2 2012 Site Layout Deleted the table of The reasons for rejecting a
reasons for rejecting a site will be recorded in
site. CHaMP monitoring site
evaluation instead of in the
data logger.
1.1 1.2 2012 Site Layout While laying out Repeatability among crews i

transects, changed from | higher when identifying the
stretching the tape in the| middle of the wettedhannel
middle of the bankfull vs. the bankfull channel.
channel to the middle of
the wetted channel.

1.1 1.2 2012 Site Layout Deleted bearing readings Distance and angle location
from benchmarks to othe| information is contained
benchmark locations. within the topographic
survey, negating the need fo
bearing readings.
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Previous | New Revision | Method Changes made Reason

Version | Version | Date

Number | Number

1.1 1.2 2012 Site Layout Added site layout for 2012 is the first year of
revisits. revisiting annual sites.

1.1 1.2 2012 Site Revisit Added for all methods | 2012 is the first year CHaMR
where revisit information | will be revisiting sites and
is needed. nealed to add to the protoco

1.1 1.2 2012 Channel Units Added a ithotomous key| This was added to help crew
for channel units. work through keying out

channel units in order to
establish a more systematic
approach to classifying
channel units.

1.1 1.2 2012 Point Collection Added Water Surface These codes were added to

Method (ws), Mid Channel Island| help the RBT develop a watg
(mw), Inflow Point (in), surface DEM, determine the
Outflow Point (out), and | top and bottom of the
Discharge (q) codes. topograhic survey, and
identify where discharge wag
measured.

1.1 1.2 2012 LWD Jams Added proportion of jams This allows for a better
in individual units. spatial allocation of LWD

volume per channel unit.

1.1 1.2 2012 Large Wood Adjusted diameter and | To allow for more precise
lengthcategories. estimates of larger wood

pieces and conform to
PNAMP standards.

1.1 1.2 2012 Fish Cover Deleted undercut bank | Capturing undercut bank
fish cover estimates and | areasyolumes, and locationg
moved the undercut which allows for more
method to be stand along powerful metric calculations.

1.1 1.2 2012 Particle Added percent fines Estimating embeddedness ig

Embeddedness surrounding cobbles. now the product of the rank
value for percent buried and
percent fines surrauwling the
cobble in an attempt to
reduce observer variability in
estimating percent
embeddedness.

1.1 1.2 2012 Particle Size Particle size will be Using agravelometer will

Distribution placed in size categories| reduce observer variability
using a gravelometer and stratify particle sizes intq
instead of using discrete | size classes.
measurements.
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Previous | New Revision | Method Changes made Reason

Version | Version | Date

Number | Number

1.1 1.2 2012 Pool Tail Fines Changed size categories| There was confusion among
to be mutually exclusive. | crew member the previous
<2 is no longer counted | method and keeping the size
in the <6 category. categories separate will help

alleviate confusion.

11 1.2 2012 Chanel Segment | Percent flow is no longer| Percent flow is not used for
recorded for channel any metric calculation and is
segments. not needed. Itreated

confusion amongst the crew:

11 1.2 2012 Solar Input Increased the number of | Increased the amount of solé
transects where solar input data readings taken at
input is collected to all site to better represent solar
odd transects for a total g input distribution throughout
11 transect readings vs. § the site.
transect readings in 2011
Also changed equipment
from Solar Patfinder to
Solmetric SunEye

1.1 1.2 2012 Stream Added a temperature To better understand the

Temperature logger maintenance fluctuations of temperature
record that assessegth | data and whether values are
sensor condition. Also valid, adding meta data in
added an instant regards to sensor
temperature reading at th state/condition will be usel
same location as the tem| for quality control purposes.
logger. The instant temperature

reading provides a quick
calibration assessment of thq
stream temperature logger
that has been at the site for
extended period of time.

1.1 1.2 2012 Photos Added a site overview The site overview photo will
photo with GPSeading, | be used for a repeat photo
and compass bearing, an location that will be used to
established a rebar help evaluate and detect
location. change through time of the

site.

1.1 1.2 2012 Photos Added text for repeat Repeat photos can provide
photcs at transects 1, 11,| context for understanding
and 21. change over time.

1.1 1.2 2012 Fish Cover Added category for Need to describe fish cover
aquatic vegetation and | from aquatic vegetation.
algae.

1.1 1.2 2012 Fish Cover Clarified that restoration | Eliminate confusion

LWD is counted as

regarding what category
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Previous | New Revision | Method Changes made Reason

Version | Version | Date

Number | Number
woody debris, not as an | restoration wood is a part of,
artificial structure.

1.1 1.2 2012 Air Temperature | Added a temperature For quality control purposes
logger maintenance and to better understand
record that assesste whether our temperature
sensor condition. loggers are recording valid

information.

1.1 1.2 2012 Drift Added a depth An attempt to get more
measurement when precise flow estimatat the
removing the nets. time sample.

1.1 1.2 2012 Riparian Added standing dead Added to account for
woody vegetation to additional shade influences
canopy layer and on the stream.
understory layer

1.1 1.2 2012 Riparian Separated duff, bare dirtf Needed tseparate pervious
and rock from impervious surfaces.

1.2 1.3 2013 Point Collection EIli minat ed Method was not implemente

Method consistently and the desired
use of data point was
unknown

1.2 1.3 2013 Fish Cover Included boulders and Including boulders and
undercuts irestimation of | undercuts provides a better
Total NO fish cover. estimation of total no fish

cover and allows
interpretation of those
elements that may overlap.

1.2 1.3 2013 Ocular Substrate | Changed Bedrock size | Bedrock will be classified

Composition class fron>4000mm to based on its characteristic,
n/a not its size.
1.2 1.3 2013 Large Woody Removed AJa | Difficulttoassess in the field
Debris classification based on rules of touching
pieces. Utility of data not
known.

1.2 1.3 2013 Large Woody Extended qualifying By removing jams, this

Debris pieces to those within eliminated pieces that were
bankfull prism that are above bankfull elevation but
supported by other supported by qualifying
qualifying pieces. pieces. Clarificatiomvill

continue these pieces to be
counted.

1.2 1.3 2013 Undercut Banks | Associate each unique | Focusing on undercuts withit
undercut to a channel channel units allows for unit
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Previous | New Revision | Method Changes made Reason

Version | Version | Date

Number | Number
unit. level metric calculations and

reduces the crew members
area of inquiry.

1.2 1.3 2013 Undercut Banks | Eliminated depth Depth was measured
measurements. inconsistently among crew

members and the utility of th
data is unknown.

1.2 1.3 2013 Undercut Banks | Eliminated distance to Not necesary since
upstream or downstream| undercuts are now linked
channel unit boundary. | directly to a channel unit.

1.2 1.3 2013 Undercut Banks | Changed vertical limit Designate a vertical limit tha
from bankfull to 1m is more consistent with other
above water surface. fish cover elements.

1.2 1.3 2013 Undercut Banks Increased minimum Increase the repeatability of
qualifying width from 10 | identifying qualifying
cm to 20cm. undercuts in the field.

1.2 1.3 2013 Undercut Banks Required three width Average width measurement
measurements at were inconsistent among
predefined locations crew members. Having
along undercut length. defined locations where

measures are taken eliminat
field judgment calls.

1.2 1.3 2013 Particle Size Reduced number of To increase the efficiency of

Distribution counts to 110 pebbles (1] data collection.
pebbles at 10 cross
sections)
1.2 1.3 2013 Particle Size Prioritized measurementg Uncertainties regarding
Distribution to be done in riffles. where to place crossections.
Lead to more consistent
measurements among crews
1.2 1.3 2013 Particle Size Changed Bedrock Bedrock will be identified
Distribution measurements from when encountered in the
particles >4000 mm to field. Creates distinction
Abedrockbo between bedrock and very
large boulders >4000 mm.
1.2 1.3 2013 Particle Ste Added unique size classg Increase resolution of data
Distribution >512 mm. stemming from medium size
to mega boulders.
1.2 1.3 2013 Air Temperature | Eliminated methodology.| Utility of data is unknown.
1.2 1.3 2013 Macroinvertebrate | Eliminatedmethodology. | In previous years, all crews

collected drift using two nets
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Previous | New Revision | Method Changes made Reason
Version | Version | Date
Number | Number
Drift In 2013, a new methodology
was implemented in four tes
watersheds to improve data
quality. Sampling protocol
available as separate
document.
1.3 1.4 2014 Channel Units AddedSmall Side Added to help account for
Channelas a Tier 1 unit. | small side channels in area
Detach them from and side channel metric
channel unit they flow calculationsincrease data
into. quality and repeatability.
1.3 1.4 2014 Channel Segment | Identify 2013Type | nonr | Uniquesegment andhannel
Numbers qualifying side channels | unit number will improve
with segmentand consistency o$ide channel
channel uninumber. metric calculations.
1.3 1.4 2014 Large Woody Eliminated size classes t¢ Discreet length and diamete
Debris collectdiscreet length ang measurements will provide
diameter estimates. more accurate LWD volume
Included pieces to estimates. Measuring some
measure. pieces will help crew
members calibrate their eyeq
1.3 14 2014 Water Chemisir Included instantaneous | Temperature will be collecte
water temperature. at the same time as other
water quality measurements
for analysis purposes
1.3 1.4 2014 Macroinvertebratey Reintroduced Tested differing methodsf
macroinvertebrate drift | collection in 2013 which
sampling. resulted in improved
collection techniques and
results.
1.4 1.5 2015 n/a No methodological
changes were made to th
2015 protocol.
15 1.6 2016 n/a No methodological
changes were made to th
2016protocaol.

(adapted fronPeitz et al. 2002)
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Appendix I: Survey Control Network Strategy

A stable, survey control netwotkat can be reoccupiesithe foundation for repeat topographic
surveys and facilitating trend monitoring. If snapshot status monitoring is all CHaMP did, a
temporary survey control network would suffice. However, as CHaMP is interested in tracking
trends through time, there aaamuch richer range of spatiakxplicit analyses (e.g. geomorphic
change detection) that can only be done if a permanent survey control network is in place. That
control network consists of a series of fixed points with known coordinates. The intddhiy

control network through time depends first and foremost on those fixed points being recoverable
andre-occupiable with survey equipment (etgtal station or rtkGPS). For example, for a total
station survey to take place in the coordinate systeimeacontrol network, the crew needs to be
able to set up over a known fixed point and backsighhooheerknown fixed point. If at least

two intervisible points do not exist the total station survey cannot proceed without using more
complicated survewig methods that are susceptible to large errors. There are many possible
strategies one can employ to maintain the integrity of a survey control network. The purpose of
this document is to spell out the strategy CHaMP crews shall employ to anquedity survey

control network is maintained through time.

TERMINOLOGY

BenchmarkA permanent control point (typically capped relesfablishedt new site surveys
andused to reoccupy & existing control networkt revisit surveysAdditional benchmarks can
also be usetb supplement the original benchmastsevisit sitesA unique x,y, and z

coordinate is established for each benchmark.

Control Point:A permanent or temporary location used to set up and orient the surveying
instrument.

Fixed Point:a control point or benchmark with known coordinates.

Survey Control NetworkMultiple control points or benchmarks surveyed to obtain coordinates
and whenever possible arranged in a configuration to envelop the site.

Coordinate SystenA system which usesne or morenumbers or coordinatesto uniquely
determine the position off@oint

Assumed CoordinatBystem:Independently created coordinate system. Not relative to other
objects on the earth.

Real World Coordinate Syster:coordinate system relative to other objects on the earth. UTM.
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BENCHMARKS

In the initial visit during the New Site survey thewrestablishes an assumed coordinate system
as each benchmark is surveyed to calculate a coordinate for the benchmark. The coordinate
assigned to each benchmark is transformed to a real world UTM coordinate dysiggrpost
processinghat is used in sidequent revisit surveys. The benchmarks are required for
comparison of all data withi@BHaMPthat has a spatial component. The geomorphic change
detection requires properly set benchmarks that can be resurveyed many times in a repeatable
manner. The auxgiry data is tied to the channel units which are surveyed during the topographic
data collection. Good benchmarks equal good data.

The first priority of a survey crew at a new site is to propeskablishboenchmarks and then

proceed with collecting topoath. The first priority of a survey crew at a revisit site is to

reoccupy the UTM coordinate system, check benchmarks, and if necessary set new benchmarks
and then proceed with collecting topo data.

Benchmarks should meet the following critesbility, geometriarrangenent extersion

alongthe length of the sitgnd intervisibility @t least three must be intervisipl&here is no
maximum number of benchmarks. The significance of an increased number of benchmarks is
they enable the crews to conduombdre checks$o evaluate survey datategrity using the Stake

Point functon. Strategically addg more benchmarks will provide better data quality for current
or future surveys. More benchmarks provide more checks of survey integrity and support data
guality analysis.

Additionally, in some cases where intervisible benchmarks arelogicreasedumber of non
intervisible benchmarks may allow for alternative, less desirable means of rotating and
translating revisit data to the UTM coordinate system. These are high risk methods of data
transformation that should only be used as a last resort.

Benchmark drategies to employ:

1) Large benchmark spacing relative to the size obitee

2) Benchmarks near both ends of Hite (bottom and top of site/transectl and&id when
possible along the entire length of tisite

3) Increase benchmark geometry (Tgée) size whenever possible.

4) When possibleset benchmarks far outside of survey extent onlsiigeor ridges
adjacent to the stream. Look for holes in vegetation that will allow line of sight to the
stream from siddills or ridges.

5) If a stream has opespace on one side, utilize it to the fullest extent. A benchmark
triangle that extends the entire site length on one side of the stream is better than a ¥4 site
length triangle on both sides of the stream.
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Salmonid Habitat Protocol for CHaMP

THE PERFECT BENCHMAR K SCENARIO

At this site the crew met the protocol requirements for three benchmarks with stability, geometry
and intervisibilty. The benchmarks are spaced widely relative to the ss#e dhere are

benchmarks near both ends of #ite, the benchmarks are in aanky equilateral triangle (good
geometry) andthe benchmarks are set outside the survey extent and stream corridor on nearby
sidehills.

Many CHaMP sites may not fit into the perfect scenario. When encountering these imperfect
situationslook to employas many of the strategies as possible and during revisit surveys look
for opportunities to improve the benchmark layout.
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